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Chapter 4

Virtual Instrumentation Software explored within the European project

Virtual community Collaborating Space for Science Education

Virtual instrumentation can be used for building applications which simulate real-world
devices, structures and instruments operating, and for animation and modelling of the real
processes. It’s not only a powerful tool to replace fixed, dangerous or expensive experiments

but also a good complement to students’ work at real laboratory.

CABRI GEOMETRY 11

IV.1. Educational Value and Limits of CabriGeometry |1

Cabri Geometry Il constitutes a piece of educational software which is not limited
simply to supporting an alternative approach to teaching with the use of computer, but which
also supports the development of a dynamic, investigative and exploratory approach to the
teaching and learning of Geometry. It comprises a set of powerful and carefully-designed
computer-tools for the realization of a variety of interactive Geometrical activities. It also
allows the student the possibility to construct and study their own geometrical objects,
providing them with strong motivation to extend their knowledge of Euclidean Geometry.

Cabri Geometry Il features certain basic advantages in teaching and learning
Geometry when compared to other existing educational software. In greater detail:

- It consists of a set of tools and operations which allocate elements of high

interaction;

- It constitutes a dynamic learning environment, which means that the forms of the

geometrical constructions produced on the computer screen can be altered while
certain properties remain immutable. These constructions can be formed by using

the tools provided by Cabri and can be directly manipulated by using the “drag
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mode” operation provided. When such a geometrical construction is dragged,
infinity of geometrical constructions with the same properties but different forms is
visualized on the screen of the computer. In fact, each geometrical construction
represents a class of geometrical constructions with common geometrical
properties. By observing a plethora of geometrical constructions with common
geometrical properties, students have the chance to form abstractions regarding the
geometrical concepts in question (Laborde, 1990);

- Student actions are mainly accompanied by visual feedback. The role of pictures
has been reported as being significant in supporting the creation of mental images,
which is considered essential in individual intellectual development (Sutherland,
1995). It is also acknowledged that the interaction between geometrical concepts
and geometrical figures can support the development of geometrical logic
(Mariotti, 1995);

- It is an open learning environment which allocates a plethora of tools to assist
students in solving a variety of geometrical problems. The importance of problem
resolution in the development of students’ mathematical thinking has been also
reported (von Glasersfeld, 1987);

- It provides the possibility to record step-step all the actions performed by the
students when facing the given problems. This possibility constitutes a powerful
tool not only for teachers and students but also researchers, enabling them to draw
conclusions about the learning process that takes place in this environment.
Consequently, it offers new possibilities for mediation between teachers and
students;

- It provides the opportunity to perform interdisciplinary activities by using the large
variety of robust tools and operations presented in its interface. The importance of
interdisciplinary approaches in teaching and learning has also been acknowledged
(Noss and Hoyles, 1992);

- Students can approach the geometrical concepts in question in a qualitative way;
that is to say, without the use of numbers. Students can initially study the
geometrical concepts in question qualitatively and subsequently move on to use

more quantitative approaches;
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Despite the fact that Cabri Geometry II does not feature a system to check the
correctness of students’ answers and solutions to the given problems, it provides
tools which can be used for self-correction;

Cabri Geometry II does not remain a static environment but can also be developed
simultaneously with the user. This development is possible through the creation of
new operations (macros) which give this environment a dynamic dimension
because it can be enriched with new tools produced by the user themselves. These
tools can be placed permanently, as new possibilities, in the interface of Cabri. By
using these new operations, a geometrical construction can be automatically
performed; for example, in a triangle constructed by a student, its heights and their
intersection point could be automatically constructed by the system using an

appropriately designed macro.

IV.2. Basic Possibilities in Educational Use of CabriGeometry Il

Cabri Geometry Il provides the opportunity to approach a variety of subjects

concerning Euclidean Geometry. Basic issues of reference are as follows:

Analytic and Euclidean geometry as well as Geometrical transformations within a
highly interactive environment;

Direct construction of points, straight lines, segments, triangles, polygons, circles
and other basic geometrical shapes;

Translation, enlargement and rotation around a point as well as reflection,
symmetry about an axis and around a point and inversion;

Easy constructions of conical surfaces, ellipsis and hyperbola;

Investigation of high level graphic representations related to probolic and
hyperbolic geometry;

Annotation of numbers and measurements (with automatic record keeping);
Systems of both Cartesian and polar coordinates;

Equalities of geometrical entities can be demonstrated;

Macros of important or often-used geometrical constructions can be formed by the

user;
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The teacher can work out lists of content, including the subjects in focus and of
interest for their students;

Possibility of investigation of Geometrical properties in geometrical constructions
based on the five Euclidean axioms;

Graphic determination of geometrical places;

Objects that are used for the geometrical constructions in question can be moved or
hidden in order not to tax the computer screen;

The pallets of colours and lines facilitate the differentiation of forms;

The possibility for animation through electing the dynamic character of the
geometrical constructions formed;

Geometrical constructions and macros can be stored in a hard disk;

Work surface of one meter square: this allows a drawing surface of 8 /2 x 11” to be

printed.

The philosophy behind Cabri Geometry is to allow the maximum interaction (mouse,

keyboard, etc.) between the user and the software, and, in each case, to ensure the user is not

surprised by the response of the software, firstly by respecting the standard responses of

applications and operating systems, secondly by plausible mathematical behavior;

A Cabri Geometry document comprises a free-form figure on a single sheet of virtual

paper, 1 meter square. A figure contains geometrical objects such as points, lines, circles, etc.,

in addition to numbers, text, formulas etc. A document may also include macro-constructions,

used in the simplified reproduction of constructions in a figure and to extend the

functionalities of the software.

The Cabri Geometry II screen consists of:

The standard menu bar;

The toolbar which provides all the tools needed for constructions;

Each icon corresponds to a tool and produces an extended toolbox if the mouse
button is held down;

The properties bar on the left of the screen;

The colour palette which can be positioned anywhere on the screen;

The scrollbars for moving around the drawing area (a 1 meter square);
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- A diagram with measurements of area and length, and a calculation based on these
numbers.
Most of Cabri Geometry’s tools are accessed from the toolbar where the icons open

different toolboxes (Figure 1).

Pointers

Points

Lires
Cures
/ /—Cuusnuctiv:!ﬂ-;
|
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.-
Transformations —/ f' /
Macros
Check Propetties
Measure
Dizplay

Deaw

Figure 1 — Examples of Cabri Geometry’s tools

IVV.3. Cabri Geometry Il Possible Teaching and Learning Activities and Applications

a) Forming / verifying conjectures by focusing on the alteration of a geometrical
construction using the drag-mode operation. For example, when a student draws a triangle
ABC, its median AG and D, E, F, the midpoints of BG, AG and AC respectively, they can
conjecture that “the quadrilateral DEFG is a parallelogram™ and also verify this conjecture
somehow formed during their experience (Figure 2(a)).

b) Forming / verifying conjectures by focusing on the numerical data automatically
collected during the alteration of a geometrical construction using the drag-mode operation.
A case in point is when a student draws a rhombus ABCD and its diagonals AC and BD as
well as their intersection point O, then automatically measures the angles ABD, DBC, BCA,
ACD, CDB, BDA and BOC and tabulates the data automatically produced by the

aforementioned measurement operations. By focusing on these numerical data, this student
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can conjecture that “The diagonals of a rhombus are perpendicular and bisect its angles”. In
this way, students can also verify conjectures somehow formed (e.g. using their visual

perception) during their experience (Figure 2(b)).

s
A s

(b)
Figure 2 — Examples of (a) and (b) types of activities consisting of the proposed

e-learning space

¢) Verifying a formula by focusing on the numerical data automatically collected
during the alteration of a geometrical construction using the drag-mode operation. For
instance, students can verify the generalization of the Pythagorean Theorem (Figure 3(a)).

d) Multiple-solution activities. As Cabri provides a variety of tools and operations,
these can be effectively combined to support the performance of multiple-solution activities.
In the context of these activities, it is possible to integrate all the possibilities provided by
Cabri into any of the possible different types of activities. For example, students could be
asked to form pairs of similar triangles in any possible way using the variety of tools provided
(Kordaki and Mastrogiannis, 2006). Some of the possible solutions can be seen in Figure
3(b).

e) Black-box activities. Students can participate in activities where they have to
explore geometrical constructions with some of their properties hidden, which they then have
to discover. To illustrate this, students can be asked to investigate the specific properties of

the triangles illustrated on the computer screen (Figure 4(a)). It is worth noting that one pair
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consists of arbitrary triangles while the other pair features similar triangles. Students can reach

this conclusion by manipulating these pairs of triangles using the “drag mode” operation.

(a) (b)
Figure 3 — Examples of (c¢) and (d) types of activities consisting of the proposed

e-learning space

f) Constructions simulating real life problems. Such real life problems can help
develop strong motivation to learn in students and encourage them to approach mathematics
as a human activity (Bishop, 1988) as well as put mathematical concepts into an
interdisciplinary context. As an example, let us consider the following problem: Two masts of
a boat are 4 and 6 metres high respectively. Cables connect the top of the first with the base
of the other. The cables intersect at point E, which is 2.4 metres above the deck. How can the
captain, moving the masts, add a third, 3 metre cable, to the intersection, so as to achieve

better support of the sails? (Figure 4(b)).
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(a) (b)
Figure 4 — Examples of (e) and (f) types of activities consisting of the proposed

e-learning space

Example and pedagogical analysis

Parallel Straight Lines Intersected By A Transversal

Learning activity
Construct two parallel lines el and e2 and then a transversal line e. Line e intersects
lines el and e2 on points B and A respectively. Around these points, eight angles are formed.

Could you define relations between these eight angles?

File — New

e Construct a line el. (Key 3 - Line). Click on a point of the screen and drag the
cursor.

e Name the line el. (Key 10 - Label). Click on the line and, in the shown frame,
press el, on the keyboard.

e  Construct line e2 parallel to el. (Key 5 - Parallel line). Move the cursor toward
line e1, and then click on another point on the screen. Line e2 passes through this point.

e Name line e2. (Key 10 - Label). Click on the line and, in the shown frame,

press €2, on the keyboard.
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e  Construct a third, line e (transversal), which intersects lines el and e2. (Key 3 -
Line). Click on a point of the screen and drag the cursor, so that e intersects these parallel
lines.

e Name the straight line e. (Key 10 - Label). Click on the line and, in the shown
frame, press e, on the keyboard.

e  Mark the intersection points. (Key 2 - Intersection point). Click on line el, then
on e. In the same way mark the other point.

e Name the intersection points. (Key 10 - Label). Click on each intersection point
and, in the shown frame, press A, B on the keyboard.

e  Measure the eight formed angles. (Key 9 - Angle). Click on a side of the angle,
afterwards on its vertex and finally on the other side. Repeat the process for all the angles

formed.

Investigation

e Formulate conjectures based on the measurement of these eight angles.

Generalisation

e Tabulate the results of measurements. (Key 9 - Tabulate). Click on a point on
the screen, where the table will be presented. From the bottom of the left corner of this table,
drag and hold the cursor, until 8 columns are presented in the table. Click on the value of each
angle, which is registered, automatically in the table.

e Select and move the straight line e. (Key 1 - Pointer). Click and hold on the line
and move it.

e Automatic Tabulate. Each time that the straight line is moving, press the Tab
key and the table, automatically, is updated.

e (Can formulate rules about the relations of these eight angles?

Presence of investigation moments into an explanatory learning situation allow for transfer of

knowledge into new settings and, thus, for acquisition of functional expertise.
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IVV.4. Bibliography for teachers

Free Cabri Resources can be found on Internet:

[1] The Cabri Geometry I Manual (http://www.chartwellyorke.com/cabrimanual.pdf);

[2] Cabri Geometry II Started Guide (http://www.chartwellyorke.com/gettingstarted.pdf);

[3] Exploring the Basics of Geometry with Cabri — some chapters from the book of Wilgus

and Pizzuto (http://www.chartwellyorke.com/exploringbasics.html)

CROCODILE CLIPS

IV.5. Educational Value and Limits of Crocodile Clips

Crocodile Clips is a set of simulation and modelling packages covering physics, chemistry,
ICT and programming, design and technology and mathematics (Crocodile Physics, Crocodile
Chemistry, Crocodile Mathematics, Crocodile Technology, Crocodile ICT&Computing).
These software tools allow flexible experimentation in accurate virtual laboratories. So this is
a virtual instrument that makes easy to create virtual experiments. These are flexible,

powerful, accurate and can be used at all ages between 10 and 18 years old.

Crocodile Clips has a smart interface than makes it appropriate for lower or upper secondary

schools. There are even some uses in Primary Science.

It covers a large part of secondary school curriculum subjects in Physics and Chemistry. Yet,
the teachers who used it identified important subjects that can not be modulated with

Crocodile Clips.

IV.6. Basic Possibilities in Educational Use of Crocodile Clips

Schools having a School Site License or using a free Demo, need the program to be installed

at each computer. There’s neither player nor standard format file to be exported. So, students

can build their own experiments or interact with those prepared by the teacher.
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Crocodile Physics is also a powerful tool at Digital Whiteboard. Some experiments can help
teachers teaching bases or principles of Physics.
Three kinds of Crocodile Physics users are: students who are solving and interacting with

designed virtual experiments, students building their own experiments and teachers using

digital whiteboard at classroom

Welcome screen: The general view of the Introduction Menu is presented in Figure Sa. One
click on the M button led to see and use the full screen mode (Figure 5b). Going back to a

windowed mode at any time could be made by pressing again the M button.

a) B Crocodile Physics - Using lesson kits.cxp.

archivo Edicidn Yer Entornos  Ayuda

EECIETYEER™ : 3 s

W Contenido
| moducsien Using lesson kits
| Cémo utiizar los kits de lecciones
ﬁ- Cémo utiizar los companentes
ﬁ- Cémo preparar un circuita simple
ﬁ- Ciédmo preparar un diagrama de rayos simple
ﬁ- Cidmo preparar un expenimenta de movimient
ﬂ- Cidmo preparar un experimenta de ondas
| Cémo uiizar los componentes de presentaci
| Cémo hazar una gréfica
[ir=* Rozamienta y flotabilidad
| Movimiento
@, Fusizay scelsracién ) Pelota rigida ideal

"Ry, Energla y movimiento ""\\'; Esparcio de propagacion de andas

o Circuitos p
=] /| Barra
# Energia eléctrica
A Ondas E Numera
#  (Optica =
> Biblioteca de componentes . )
¥ Propicdades Learn how to use lesson kits. Press the right-hand arrow on these
p—— instructions to continue. Notice the highlighting indicates what to m
T"xl';‘““'""“ ? 0‘\ interactive with at each step of the instructions. o
exl \
Este componente no tiens @
propiedades

|~

| >
welocidad: 1) 100% | 00:00:34

Fig. 5 — General view of Introduction Menu panel: a) the windowed mode
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b)

Using lesson Kits

@ Pelota rigida ideal

(}.\,j Espacio de propagacidn de ondas

/ Barra

Lesson kits are designed to be used in fullscreen mode. Press the "M"
button in the top-left of the screen to go to fullscreen mode.

Fig. 5 — General view of Introduction Menu panel: b) the full screen mode

During the designing of the virtual experiment, the Pause and Reload buttons can be used .

The selected buttons can be used by pressing on them alternatively.

Part trays are different for each topic (Figure7a). They can be used by drag in or drag out of
the tray. For example, a ball dragged from the tray parts is illustrated in Figure 7b. The
possible actions of the user with these part trays are always described in the bottom side of the

application window.

Another instrument can be introduced in the tray. The characteristics of this instrument could
be set up by the user with the help of the Properties box. For example, a rod could be
attached to the ball and its characteristics can be changed by using the Properties box (Figure
8).
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L Using lesson Kits

) | Pelota rigida ideal

1 Espacio de propagacidn de ondas

Barra

Humero

Lesson kits always have pause and reload buttons in the bottom
cormer of the scene. w

&

Fig. 6 — Use of Pause and Reload buttons during the virtual experiment design

Properties can be related to different parts, i.e.: ball (velocity, x position etc.), rod (angle form

the vertical etc.).

a) Using lesson kits
& | Pelota rigida ideal
¢ | Espario de propagacidn de ondas
4 | Barra
E MNamero
Parts for use in a lesson kit can be found in the part tray represented
by their icon. m
a Parts can be dragged In and out of the tray, on leaving the tray they c
are maximised to their full form.
&
Chapter IV
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b) Ly Using lesson kits

(¢ "‘U: Espacio de propagacion de ondas

" Barra

E Mumero

Drag the ball in and out of the tray.

- -,

Fig. 7—Use of Part Trays during the virtual experiment design
a) general view of the needed parts; b) dragging in the tray of the needed part

Using lesson kits

Espacio de propagacidn de ondas ‘T

When you have reached the end of the instructions the right arrow .
will become grey to indicate there are no more pages. . : m

« O

Fig. 8 — Use of Properties box during the virtual experiment design
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IVV.7. Crocodile Clips Possible Teaching and Learning Activities and Applications

The using of Crocodile Clips Software components (Crocodile Physics, Crocodile Chemistry,
Crocodile Mathematics, Crocodile Technology, Crocodile ICT&Computing) is made in the
same mode as is depicted in the following sections. Due to the similar use of all the Crocodile
Clips components, there will be described just examples concerning the use of Crocodile
Physics component. Once the users were trained to use the Crocodile Physics application, they
will be able to design virtual experiments also with the other components of the Crocodile

Clips Software.

Example and pedagogical comments

Wave Experiments

After this section the user will be able to set up a two dimensional wave experiment
using sources, detectors, obstacles, etc.

First of all, the module related to the waves experiments will be selected from
CONTENTS>>INTRODUCTION menu (Figure 9).

The user will be asked to set up the own experiment using the Optics folder (Parts
Library).

After that, the user has to drag on the line source and place it on the wave space (a

point source or a moving point source can be added instead) (Figure 10).
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E Cémo utiizar log kits de lecciones

E Cémo utilizar los componentes

| Cémo preparar un circuito simple

| Cémo preparar un diagrama de rayos simple
i C6mo prepanar un experimento de moviniento
| Cémo preparar un experimenta de andas

fr | Cémo wiizzr los comporentes de presentacidn

| Cmo iazar una ardfica

ozamienta ¥ flotabilidad
| Movimierta
@, Fusrzayp aceleracion
'\. Energia y movimienta
4 Circvitos
F Enegiacléctica
AA Ondas
| Optica
@ Contenido en linsa
i contenida

> Biblioteca de componentes

W Propiedades

Selecciona un componente para yer sus propisdades

m
Setting up a waves experiment
Agua Anchura: 469,41 mm
Line source

k Blogue inclinado
# || Point source

Tiempo: 15
%01 Moving point sourc

; Single slit
& | circulo
‘1t | Plane reflector

Detectar

20 Wave experiments must be demonstrated in a 20 wavaspace, A
water wavespace has already been added to the scene for you.

| @
Yelocidad: x1 100%  00:00:25

|~

Fig. 9 — Initial view of the Introduction menu (Waves section)

ﬁ. | Introduccidn
| Como utiizar los kits de lecciones
| Como utiizar los componentes
ﬁ-_ Cdmo preparar un circuito simple
ﬂ- | Cémo preparar un diagrama de rayos simple
&- Cémo prepatar un experimento de movimiento
ﬂ: Cémo preparar un experimento de ondas
ﬂ- | Cémo utlizar los componentes de presentacion
&7 | Cémo trazar una grafica
fi" Rozamiento  fotabiidad
|~@ Movimiento
@, Fueizay aceleraciin
"y, Energiay movimienio
g Cireuitos
# Energia eléctiica
A/ Ondas
# ) Oplica
. Contenido en linea
Mi contenido

I~ Biblioteca de componentes
V¥ Propiedades

un paia ver sus

m______________________________|

Setting up a waves experiment

[Agua Anchura: 469,41 mm

A elogue indinado 2

L) Point source

= Tiempo: 160 ms
% Moving point source

Single slit

Circulo

@ &

Plane reflactor

Detector

Drag on the line source and place it on the left hand side of the
~ wavespace. As soon as you place it in the space it will begin to make
c\ waves in the wavespace.

Velocidad: x1 100% | 00:00:38

Fig. 10 — Placing of the line source in the waves experiment
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The properties of the line source can be changed by selecting the source and using the
properties panel (last tab in left menu properties, as is illustrated in Figure 11).

Setting up a waves experiment

Agua Anchura: 469,41 mm

\ Blogue inclinado

Point source

Tiempo: 229 ms

Moving point source

Single slit
| Circulo

Plane reflectar

Detectar

Select the line source by clicking on it. The wavelength, frequency,

amplitude and other properties can be change in the properties pane, m
0 below the parts pane on the left hand side. c
&

Fig. 11 — Setting up of the line source properties using the Properties Panel

It has to be noticed that this menu refers to Line source properties. Selecting 2D Wave

space (Figure 12), the properties are different (what liquid, depth of liquid etc.).

Line source -
Souce] : ¥ Propiedades

= Propiedades
Espacio ondulatorio a...

Fuente: Continuo B ?
Wi ater] ’
Frecuencia:
) ¥ Propiedades

13.25 Ly Hz
Largitud de orda: Profundidad del agua: 002 m

J .

Yelocidad de onda: 044 sl

23432 mm
Fase: n] = [ 3 REﬂEiD
Amplitud: 0.1 = em P Mostrar

Fig. 12 — Changing of the Properties panel settings function of the of the line source selected
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By dragging the ends of the line source, this can be resized (Figure 13).

Setting up a waves experiment

Agua Anchura; 469,41 mm

_\ Blogue inclinado
Paoint source
Tiempo: 294 ms
Moving point source
Single slit
Circulo
Plane reflector [}S
Detector

Crag the ends of the line source to resize it so that both ends are at
the edges of the wavespace and the line is vertical. ‘D

- -
O

Fig. 13 — Possibilities for resizing the line source

A sloped block can be design by dragging on the sloped block tool in the experiment
place (Figure 14).
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m

Setting up a waves experiment

Agua Anchura: 469,41 mm

Point source

Tiempo: 143 ms

Moving point source
Single slit

' Circula
7.1 Plane reflector

Detector
Crag on the sloped block and place it to the right of the wavespace,

o >

= Scene 1

Fig. 14 — Using of Sloped block tool

By clicking on the block, its properties can be changed (from 10° and 0,4 cm height to
20° and 1 cm height) as Figure 15 presents.

Placing the pointer on the right of the 2D Space, a menu will appear (Figure 16).

When the cross section button will be pressed, a red line will appear and at the same
time a transversal view of the liquid surface will be shown (Figure 17). The change of the red

line position will lead to a new cross section appearance in the box below (Figure 18).

Bloque inclinado Bloque inclinado
> ?
5\ Obstacle] - 2\ Obstaclel -
T Propiedades T Propiedades
Altura: 04 = em Altura: % i
Angula de pendiente: |10 = |- Anguln de pendiente: |20 = |-
P Imagen P Imagen

Fig. 15 — Changing of the Sloped block properties

Chapter IV 19/73



G"%
e VceSSe f%ﬁ

[
ﬂ\(——“ § <22 ) wun
Virtual Community Collaborating Space for Science Education x %J
Fipag 3

“Guidelines for Best Practices in Educational Use of Virtual Instrumentation

k¢

c
+

)

T

Fig. 16 — The menu of the cross section button

Setting up a waves experiment

Agua %

Anchura: 469,41 mm

[T

» Point source

Tiempo: 2 5
Moving point source
Single slit Waterl - Seccion transversal 1 -x
o+ | Circulo
Plane reflectar
Detector
Z
You should now see a nice demonstration of refraction. Press the
cross-section button on the wavespace's toolbar to see a one m

o dimensional view of the waves. & red line appears on the wavespace to c
indicate which area the cross-sectional view is displaying, and this can
be moved around to display other areas. 9

Fig. 17— Cross section button effect
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Setting up a waves experiment

Agua Anchura: 469,41 mm y:/f
v
o
>
Point source
Tiempo: 4 s
Moving point source
single slit Waterl - Seccion transversal 1 -x
| Circulo
Plane reflector
Dietector
%
Try placing the other parts in the wavespace to see what they do. lD
O

Fig. 18— Changing of the red line position effect

Exercises

1. Open Parts library>>waves>>2D and set up an experiment using (at least): source,

reflectors, cross section and detectors.
2. Set up an experiment to teach Huygens Principle applied to a single slot. Vary with

slot and wavelength to analyze different examples. Use cross section to represent them.
IV.8. Bibliography for teachers

[1] Electricity:
http://www.crocodile-clips.com/shared/videos/cp/Electricity.html

[2] Alternating currents:
http://www.crocodile-clips.com/shared/videos/cp/Alternating_Currents.html
[3] Motion:
http://www.crocodile-clips.com/shared/videos/cp/Motion.html

[4] Pendulum and spring; Harmonic motion:
http://www.crocodile-clips.com/shared/videos/cp/Oscillations.html

[5] Ray diagrams:
http://www.crocodile-clips.com/shared/videos/cp/Ray_Diagrams.html
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[6] Waves:
http://www.crocodile-clips.com/shared/videos/cp/Waves.html
[7] Optics:
http://www.crocodile-clips.com/shared/videos/cp/Optics.html
[8] Using Crocodile Clips to teach Primary Science:
http://www.mape.org.uk/curriculum/science/science14.htm
[9] Discovering Electronics with Crocodile clips:
http://www.doctronics.co.uk/DEtitle.htm

LABVIEW

1VV.9. Educational VValue and Limits of LabVIEW

LabVIEW (Laboratory Virtual Instrument Engineering Workbench), registered
trademark of National Instrument Inc. (NI), is instrumentation and analysis software for PCs
running. It is programming environment including all of the tools necessary for instrument
control, data acquiring, storage, analysis, presentation and integrating all of these features in
one system. It uses graphical programming and a graphical language, called G. The main goal
of LabVIEW is creation of the virtual instruments.

Virtual instrumentation can be used not only for the real-world instruments building,
what was noted above, but also can be useful for building applications, which simulate real-
world devices and instruments operating, and for animation and modeling of the real physical
processes, e.g. physics experiments, to present how they run. This is one of the possibilities
and significant characteristics of LabVIEW, which can be used to elaborate tools useful in the
teaching process, also e-learning, for example, teaching fundamentals of the physics

phenomena or to demonstrate methodology of physics experiments performing.
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1VV.9. LabVIEW Basics

LabVIEW programs, virtual instruments, have three main parts: the Front Panel, the

Block Diagram, and the Icon/Connector. When you launch LabVIEW the start window

appears, like this, for example, shown in Figure 19 for LabVIEW 8.2.

¥ Getting Started

File ©perate Tools Help

New

Hl, Blank vI

Jifig, Emnpty Projeck

JJa:g Y1 From Template. ..

E} Mare, ..

DOpen

[l Boyle-Mariotte's law, vi

[l Boyle-Mariotke's law 1.vi

b Erowse, .,

LabWIE'W Evaluation Mode

New To Lab¥IEW?
Getting Started with LabYIEW
LabWIEW Fundamentals
Guide ko LabYIEW Docurmentation
LabVIEW Help
Upgrading LabYIEW?
MathScripk
30 Pickure Control
LabVIEW Object-Oriented Programming
Lisk of All Mew Features
Web Resources
Discussion Farums
Training Courses
Lab¥IEW Zone

Examples

':L Find Examples...

From the start window one can open the blank VI (empty; Figure 2) by selecting Blank VI

from the box Files>>New.

The VI is built with two windows, the Front Panel window visible at the front (Figure 20)
after opening the blank VI and the Block Diagram window at the background, behind the

Front Panel window.

Figure 19 — Start window for LabVIEW 8.2
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These windows have the standard Windows features, such as a title and menu bars, scroll
bars, minimize and maximize buttons, and also specific for LabVIEW additional features like

the tools bar and the Icon/Connector box visible at the right, top corner of the VI windows.

The Front Panel, user interface, allows user to control the VI execution. It is built up from a
collection of graphical objects used by the user to give the VI some information (an input to
the program) or used by the VI to give information expected to be useful for the user (an
output from the program). The Front Panel objects, depend their role in the application, are
Controls or Indicators. Controls supply application with data used to control it, and Indicators
are used to present acquired data or results obtained after data analysis. For both types of the
front panel objects are used common name Controls.

| Untitled 2 Block Diagram =10l x=| |

Fil

B! Untitled 2 Front Panel

File Edit %ew Projeck Operate Tools window  Help

[ [@] @[] [ 130t Appiication Font |~ | [5o~|[wia~[2+][¢5+]

INSTRUMENTS
LabVIEW rEvailuation Software

Iz

WNATIONAL

[Evaluation | «
Figure 20 — The front panel (at the front) and block diagram (at the back) windows

One can place a front panel object on the front panel by opening Controls Palette by
popping-up where wants in the front panel window, and selecting corresponding sub-palette
(Numeric palette for example), and next the appropriate icon (Tank for example) placing on
the front panel with the dragging and dropping technique (Figure 21). The Controls Palette

can be also opened from the menu bar by selecting View>>Controls Palette.

Chapter IV 24/73



[
v Virtual Community Collaborating Space for Science Education

[ 4 VceSSe @
&0

“Guidelines for Best Practices in Educational Use of Virtual Instrumentation”

o [=[2q
File Edit Wew Project Operate Tools Window Help i
== — e g
||:{> |{§}I OIE | 13pt Application Font |« l| ;mv” .u.v”&vl 2
=
. E|
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10- C)%Sean:h SMigwe | =H
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1 ! - o 1=
4- g = iz v i
: i s FE R 8
2l
D- Mumetic Control Mumetic Indic... Time Stamp C... Time Stamp L., vertical Fill Slide
10- ¥
3 : I - -
B ' [ 050 05
Vertical Point... Vertical Progr... Vertical Grad... Horizontal Fill ... Horizantal Pai...
[ [
p— — ‘;_I_.\L__ i;_...\L._ %E ;n
Harizontal Pr...  Horizontal Gr.,.. knob Dial IMeter
/,;- o - = b
. 5 sn-i R =
N o- =
Thermometer  Horizontal Scr...  Wertical Scroll...
Front panel
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-
v MATIC
[ g m - _/I_ . e
/ B i : 1%
LA _J il >
. >
LADVICYY EVdIUalon o0iwdie g
Exaluation <| | » |2

Figure 21 — The front panel with Controls Palette

[Autamatic Toal Selection]

Positioning
Dperating{ o B A
s A=k
Breakpoint @ +HE} f_w
Set Color
)7 e

[Dbject Sharteut Mend]

Figure 22 — The Tools Palette

Once placed on the front panel the object (Tank) can be resized, labeled, named,
ranges changed, colored etc. For these operations the corresponding tools can be selected from
the Tools Palette (Figure 22). The Tools Palette can be opened from menu bar by selecting
View>>Tools Palette or with key combination Shift+Right-Clicking.
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B! Boyle-Mariotte's law.vi Front Panel * iy ] 4|
File Edit Wiew Project Operate Tools Window Help @
|:{>|%|©@|13tn lication Fart E ||:

& pt Application Fonl [= | 3=~ 0=l
[

Tank for B-M law
4-

3.5-
32
25-

Yy 2—

Evaluation | 4| | » d

Figure 23 — The front panel with the control which simulates a tank

The Tools Palette is a graphical panel that contains various tools used to create and operate
VIs. A tool is a special mouse cursor, which can be a different type depending its function, for
performing specific operations such as positioning, wiring, labeling, operating, scrolling,
setting breakpoints, probes and shortcut menus, and also operations usually used in a typical

paint program for object view changing.

Figure 23 shows the control Tank, which name was edited, by replacing Tank with Tank for
B-M law, using the Labeling Tool. With the same tool the Y axis scale name V [I] was placed
and its range changed from 10 to 4. Text editing was made on the way typical for the
programs used for text editing. Also the width and height of the tank were changed using the
Positioning Tool. Finally the color of the space under the gas level in the tank was changed to
white using the Set Color Tool, as well as, the background of the window. Operations
connected to size and colors changing are performed on the way similar to operations typical
for picture editing. For changing the level of the gas in the tank one can use the Operating

Tool.
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The Tools Palette is common to both front panel and block diagram operations.

a) b)
£ Boyle-Mariotte’s law.vi Front Panel * = |EI|5| k> Boyle-Mariotte’s law.vi Block Diagram ™ — |EI|5|
File Edit Wiew Project Operate Tools  Window  Help File Edit Wiew Project Operate Tools  Window  Help
[ EH
||_{>| ?}I @ | 13pt Application Font |v||' v' e |._{>| ?}l @ s |bu|'ﬁ’|uﬁ | 13pt Application Font
B =] (= L3
= [
Tank For B-M law
42
Data transfering from the block
3.5- Volume [mi] ; R
- diagram to the front panel object
E 1454.2 ----~{t-mmmrmm ooy
- e 4 |
3 . . 1
a5l Indicator Thick Terminals !
border / \ !
vl 2= D . i
- ata transfering from the front ank for B an] :
- ank for B-M law
] . | [
T panel to the block diagram hGE Multiply
ST [t 11 - : Ll = plizat
1- \
: Wi oo} p o \
0.5- Nires unction Thin
- Control bord
al Constant order
Evaluation | 4 | > |_/,I Evaluation 4| | ol 2

Figure 24 — Boyle-Mariotte's law.vi front panel and block diagram placed on the screen side
by side

The Block Diagram contains terminals corresponding to the front panel objects, controls and
indicators, as well as, functions, structures, subVlIs, constants, and wires that carry data from
one object to another. Functions, structures and subVlIs are program execution elements —
nodes. The sub-VI icon represents a program placed as a subprogram within another VI. The
collection of listed above objects represents in graphical form the source code of the program.
During program execution data are transferred between the Front Panel and the Block
Diagram, and carried between icons on the block diagram. The path of the data flow on the
block diagram is determined by wire connections. Figure 24 shows the Boyle-Mariotte's law
Vi front panel with placed the numeric control named Volume, which a role is displaying the
value of the gas volume with ml units and 1 digit precision.

One can open the front panel and block diagram windows separately using instruction
Window>>Show Front Panel or Show Block Diagram available on the corresponding menu

bars.
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a)l b)
Vaolume [ml]
U B! Numeric Propetties: ¥olume [mi] |
Yisible Ikems »
Find Terminal Appearance | DataRange  Format and Precision | Documentation | Data Binding |
Change to Contral
Walue -
Description and Tip. .. _I —I
Create » Ligits Precision Type
Replace S 0ating |1 ::I |Digits of precision ;I
Data Cperations > ii:te;:wlzfic Formatting I~
v Hide trailing zeros
.D.Idvanced > 51 naokation J
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Scale Object with Pane
[ Use minimumn Figld width
Representation 3 0
Daka Fange... ]
Format & Precision. .. .ﬁ.bsol.ute F|me Pad with spaces on left -
Relative time
Properties
i® Default editing mode
£ Advanced editing mode
QK | Cancel | Help

Figure 25 — Properties selection for the front panel object — Volume control: a) shortcut menu

of the Volume control, b) Numeric Properties window

In the Boyle-Mariotte's law .vi program the numeric control Tank for B-M law supplies the
numeric indicator Volume with numeric data. Changing of the Tank for B-M law indicator
function into Tank for B-M law control function was possible by selecting Change to Control
(Figure 25a) from pop-up menu available for the Tank for B-M law indicator. Opposite of
Change to Control (function) is the Change to Indicator (function). Similar function changing
is possible for other controls after placing them on the front panel. Controls are data sources
and indicators are data receivers. Each object placed on the front panel is represented on the
block diagram by its terminal. Depends on the object function its terminal border can be thick
(for controls) or thin (for indicators). Data can be carried from the control terminal to the

indicator terminal after connecting them by wiring with the Wiring Tool.
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The properties of the control placed on the front panel can be determine from the Properties
window (Figure 25b shows it for the numeric control Volume), which may be opened from the
object pop-up menu by right-clicking and selecting option Properties (Figure 25a). From such
window after opening Format and Precision option the 1 Digits of precision was selected for

number displayed by Volume indicator.

[ Boyle-Mariotte's law.vi Block Diagram * i [ m] ]
File Edit Yiew Project Operate Tools ‘Window Help @
>[2]|@[n] ba[2] ot [ 130t Application Font [~ |[§~][s5a~] >
", Abort Execution d
Run Continuously
i a
I I
1 1
! [rank for B-M law | ank for B-M law
= ! it
: : L pii23 : — :Jp b L
i |
S -
. 1000
Source code before Multiply operator . . . .
inserting for data modification Object dragging and inserting
Functions £
2, search | 22 view= | 1
|'»  Programming Lo
|| ¥ Express
L Arithmetic & Comparison
L Express Numetic
L T
[ =
= > (= > > f> B pi=>
Add Subtract Multiphy Divide Increment Decrement  Compound Arith  Absaolute Yalue
Round Round To -Inf ~ Round To +Inf  Scale By 270 Square Rook Square Megate Reciprocal —
=
=7 K
[ o e
Sign Mum Consk Random kum +Inf -Inf Machine Epsilon Math & Scient. .. _I
-
-
Evaluation 4 | (W

Figure 26 — The Multiply arithmetic operator selecting and dragging from the Express

Numeric sub-palette and inserting between Tank for B-M law and Volume terminals

Data can be modified on the way of its passing. On the block diagram in Figure 24a the value
of liters of the gas received from the Tank terminal is converted into the value of the milliliters
displayed by the volume indicator. Data modification is done with the Multiply function
object inserted on the way between Tank for B-M law and Volume terminals. The function

objects and VIs for data modification are available from the Functions Palette. One can place
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a function object on the block diagram by opening the palette with functions and VIs
(Functions Palette) with right-popping-up where one wants in the block diagram window, and
selecting corresponding sub-palette (for example, Express Numeric sub-palette opened from
Express>>Arithmetic&Comparison) and next dragging the appropriate icon (Multiply
numeric operator, for example) to the block diagram window, and dropping (Figure 26). The
Functions Palette can be opened also from the menu bar by selecting View>>Functions
Palette.

After source code completing you can run VI once by clicking Run button or continuously by
clicking Run Continuosly button available on the tools bar. White Run button informs you that
the VI is ready for running. If you run the VI, LabVIEW compiles it, and starts the VI
execution. While the VI is executing the Run button changes appearance (by replacing the
white arrow with the black one) for indicating that VI is running. You can stop VI execution

immediately by pushing Abort Execution or Running Continuosly buttons available on the

tools bar.
) CER =10/ x|
Tkems with errars
b Boyle-Mariotte's law.vi Block Diagram * =100 Boyle-Mariotte's law.vi
File Edit Wiew Project Operate Tools Window Help ﬂ
[®2/@n Ly /3 o[ 130t Application Font |+ | -
- -
J 2 errors and warnings Shaws WWarnings r
Elock Diagram Errors N
ank For B-M law *
— Multiphy: contains unwired or bad terminal
PR oy Nz Wire: has loose ends
d %> 290 b

H
Dretails

One ar mare required inputs ko this funckion are not wired or are wired incorrectly, Show the j
Cantext Help window to see what the connections ta this function should be,

<

Evaluation 4| | ﬂ

|
Close | Show Error I Help |

Figure 27 — Programming errors debugging: a) VI with errors, b) window with error list
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1VV.10. Some LabVIEW Advanced Features

Sub-VI creating - is recommended for the large program to select fragments of the VI code
and create sub-VIs, what compresses the program and makes it more readable. For the sub-VI
creating you have to select the respective fragment from the total code with the Positioning
Tool, then click instruction Edit>>Create Sub VI, available from the Tool Bar. After sub-VI
creating, it replaces the selected code fragment with a standard icon, which view can be edited
using the Icon Editor available from the Tool Bar by selecting File>>VI Properties, then Edit
Icon.... The sub-VI icon has some input and output terminals, which functions are similar to
the pin functions in the connector of the real instrument. The sub-VI connector pane gives the
possibility to pass data to/from the VI. Figure 28 shows the block diagram with to sub-VIs,
Data modification.vi and Data for graph.vi. For Data for graph.vi the connector pane was

shown by selecting Visible ltems>>Terminals from sub-VI shortcut menu.

Event structure has one or more sub-diagrams, or event cases, exactly one of which executes
when the structure executes. The Event structure waits until an event happens on the front
panel then executes the appropriate case to handle that event. In our application the Event
structure is used to set to default the current values of the selected objects placed on the front
panel. After The Event structure placing on the block diagram and adding new case you have
to select the front panel object, which should belong to added case. For this you can use the
Edit Event window, which appears automatically after new case adding. In this window you
have to click the name of the control, which should belong to added case, then select the type
of the event, which will cause execution of the selected case. In our application, value
changing of the Set to defaults control, after control clicking, caused execution the “Set to
defaults event frame, and setting the default values for selected controls (Figure 29). The
corresponding objects are represented in the Event Case by property nodes or Local variables,

to which default values are wired.

Chapter IV 31/73



G"%
e VceSSe f%"

[
e 1395
Virtual Community Collaborating Space for Science Education x %J
Fipag 3

“Guidelines for Best Practices in Educational Use of Virtual Instrumentation”

a) > Boyle-Mariotte's law 10.vi _ ||:||1|
File Edit Yiew Project Operate Tools Window Help
»[&|[@[n] >
Mumber Tank for B-M law ;I
of points 4- T1 = 293K pli¥1} graph Cluster For
2 1
ST : TZ data
J T 3.5° F vl Ploc 72 AN
i | ¥ 2.700 ot 11 AR
1000~ 32 I
z ] ==
a00- B B[4 4
B 2,57 =
. : 100.0 ~
z 1 o
400 - vl 2= IEID__.\ a ?Iluz;ettafor
: w 'R £
200-% 152 \ @
K 0[] 300 [kPal
SET TO 14
DEFAULTS 7
0.5-
RUN 3 Wolume Y1 [1]
MEASUREMENT . 1
-
Evaluation <| | M
_|olx|
File Edit Yiew Project Operate Tools Window Help
w 2=
B[] [@[n][¢][2] va & o
[=
= [[1]"Set ko defaults™; Value Change ¥ F——
I[Time
2.7 -1 kPa
e e
: -
Run
Eeasurement 0 Mumber of points
____________ -
TF
0 r”“CIuster for T1 datal|
0 4] L===| Cluster for T2 data
et to defaults Stop
|1| [ =roe wperiment [[E7e -
LT LT
-
Evaluation <| | v

Figure 28 — Boyle-Mariotte’s law 10.vi, with some LabVIEW advanced features: a) user
interface, b) block diagram window

Local variables represent front panel object in several locations on the block diagram. You
may use them to pass data between structures that are not connected by a wire or update the
front panel object from different locations on the block diagram. You can create a local
variable for selected objects from its shortcut menu using Create>>Local Variable

instruction. After creating a local variable for selected object it appears as a rectangle box
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with the object name inside. For each object placed on the front panel you can create several

local variables. Some of them can be changed to write, other can be changed to read, depend

their function in the code by selecting Change to Write or Change to Read function.

@-H [0] Timeout  ~

| Type
Time

Figure 29 — The Event Structure: a) shortcut menu, b) Edit Events window
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Figure 30 — The final version of the Boyle-Mariotte’s law application
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Local variables represent front panel object in several locations on the block diagram. You
may use them to pass data between structures that are not connected by a wire or update the
front panel object from different locations on the block diagram. You can create a local
variable for selected objects from its pop-up menu. After creating a local variable for selected
object it appears as a rectangle box with the object name inside. For each object placed on the
front panel you can create several local variables. Some of them can be changed to write,

other can be changed to read, depend their function in the code.

IV.11. LabVIEW activities and examples
Application Building for Boyle-Mariotte’s Law Demonstration

For Boyle-Mariotte's law demonstration you have to implement the following equitation
poVo=p1Vy for T = const, (1)

and next present how the pressure p of the ideal gas depends of the gas volume V, when the

gas temperature T, is constant and normal

P1=Po Vo/V for Ty =293. (2)

To demonstrate this law you have to simulate compressing process forced by the
external force F applied to the piston, what results on the gas volume changing. It means that
you have to build the VI, that consists the numeric control representing the influence of the
force F on the gas volume V, the numeric indicator Tank for B-M law, and two numeric
displays, V1 and p1 (Figure 31a). For this purpose you can use the VI, early built, presented in
a figure above. In the simplest version of the VI for the Boyle-Mariotte’s law demonstration
the Slide named V(F) can be used for simulation of the force F influence on the volume V
changing. You can decide that the slide V(F) will change the gas volume V from V= 2,7
liters to Vmin = 1 liter, what means that it has to flow numeric data to the Tank for B-M law
selected from the range limited by 2,7 and 1 numeric values. If so, you have to select the
respective range for the slide V(F) after opening its Properties window (Figure 31¢). Also its
scale inverting is needed. After slide V(F) configuring we you to change this time the Tank

for B-M law function from write to read.
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Figure 31 — The simplest version of the Boyle-Mariotte’s law demonstration: a) VI front

panel, b) VI block diagram, ¢) window for slide V(F) configuring

From Functions>>Decorations palette one can drag an arrow and place it under the
piston for indicating the force F direction influence. For displaying the current values of the
volume V, and pressure p; are used numeric indicators V1 and p1. After described operations
performing the Boyle-Mariotte's law 0.vi is ready for virtual measurements performed for
normal temperature TO = 293 K. The simplest implementation of the equitation (2) is

presented in Figure 31b.

a)

! Boyle-Mariotte's law O.vi Front Panel * B [=] )| Bl & Boyle-Mariotte's law D.vi Block Diagra —[ol =]
File Edit View Project Operate Tools Window Help File Edit Wiew Project Operate Tools Window Help
& 1] [ s ] ] L & ][9]l
Tark For B-M Lzw p(¥) graph Ploto AN 2l =
T0 =293K 10-
v m o
8- L [
W) - 2.400 — 2.4
z ©
0= : & [z ]
12 =3 a 100
: z w
: v oz P [kPa] )
3% - i 1 o
4_:' : 100.0 ! =1 o
B - o
5=
]
23
o 2 4 L] 8 10
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= Ei
Evaluation | « | v Evaluation 4 | >|2

Figure 32 — The Boyle-Mariotte’s law 0.vi with XY graph: a) front panel, b) block diagram
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More advanced application should allow to present data as a collection of points (for
example 10 points) placed on the XY graph. It means that the VI presented in Figure 11a
should be reached with XY graph indicator. The resized VI front panel with XY graph labeled
p(V) is shown in Figure 32a. One can select and drag the XY graph from the
Controls>>Graph palette. After placing the graph on the front panel one can configure it,
after opening its Properties window, in the way like this described above for the numeric
control. The block diagram after graph placing on the front panel is shown in Figure 32b. As
usually, after the graph indicator placing on the front panel the corresponding graph icon

automatically appeared on the block diagram.
A. Programming Structures

For application improving by data presentation on the graph, we need to have the
collections of the point coordinates, which should be placed on the graph. If so, we have to
replace the slide V(F) with a sub-program, which will prepare automatically the value V; (X;
coordinate) for each p(V) point (yi coordinate) of the needed points set and build arrays
consisted the collections (V;) and (pi) of X and y coordinates of the points to be placed on the
graph. Precisely, it means that we have to build two arrays with V; and p; data collections. For
this purpose we can use the For Loop structure, one from the set of structures available in the
LabVIEW environment.

The basic set of the programming structures, shown in Figure 13 (available after
selecting  Functions>>Programming>>Structures), are program control nodes, such as
Flat/Stacked Sequence structures, Case structure, Event structure, For Loop, or While Loop.
Structures can execute code repeatedly or conditionally. The structure creating technique is
shown on the top left-hand side in Figure 33. They are not created on the block diagram
immediately after selecting and dropping. Instead, a small icon representing structure appears
on the block diagram, giving the programmer opportunity to size and position it to encompass

all the objects need to be placed inside the structure and then executed within it.
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Figure 33 — The basic set of the programming structures

The For Loop executes the code inside the borders N times, where N is the value wired
to the Loop Count terminal N. The Loop Iteration “i” terminal contains the current number of
the completed loop iteration.

After explanation of the For Loop function and how it executes, we can modify the
source code on the block diagram shown in Figure 32b, for improving the application used for
the Boyle-Mariotte's law demonstration. First we have to create the For Loop using the
technique presented in the Figure 33, wire the numeric control terminal contained number of
iterations (number of points to be placed on the graph) to N terminal, then prepare the code,
which will supply the program with the numeric value, decreased automatically in every
iteration of the For Loop, when it executes, and corresponding to the value of the gas volume
in the tank. The slide V(F) was removed because it is not needed anymore. Instead, the
Number of points numeric control, responsible for the number of points suspected to be visible

on the graph, was placed.
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Figure 34 — The improved Boyle-Mariotte’s law 1.vi: a) front panel, b) block diagram

For small programs the area of the monitor screen can be split into two parts, for
example, on the top for the front panel presentation and on the bottom for the block diagram
presentation, in short, for displaying the front panel and the block diagram windows one under
second. For this the instruction Window>>Tile Up and Down was used for the front panel and

block diagram common presentation on the screen (Figure 34). Figure 24 shows the front
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panel and block diagram windows placed side by side after selecting Window>>Tile Left and
Right.

For arrays building tonnels are used, which appeared after wiring the data sources (for
examples the points wired to the inputs of the p1 and V1 terminals) to the For Loop border in
the places shown by Wiring Tool. The arrays with p1 and V1 values collections before sending
to p(V) graph terminal have to be clustered, what can be done with the Bundle operator.

Now, after point number selection you can run the improved VI, the Boyle-Mariotte’s
law 1.vi, record data, and present them on the graph. Using Highight Execution mode you can
check the sequence of the operations during data recording, and finally, plotting the p(V)

curve on the graph.
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GEOGEBRA

This free software application, General GNU Public License, has been developed by Markus
Hohenwarter, from the University of Salzburg (Austria). It combines the benefits of the
dynamic geometry software with those of the algebraic calculation systems. The GeoGebra
objects are dynamically considered under these two aspects -graphical representation and

analytical definition.

The last stable version -GeoGebra 3.RC1 (Release Candidate- can be downloaded from the

Website of this software: http://www.geogebra.org and, whenever possible, the WebStar

versions in the already mentioned website (WebStar) can be used to ensure the usage of the

last stable release.

IV.13. First steps and applications with GeoGebra

1VV.13.1. Document window

To start the GeoGebra application double click on the corresponding icon in the desk

O Or follow the path: Start > All Programs - Geogebra - Geogebra.

_ﬂ', DIUL U | UL

= @ Metwork fissociates 3 @ Help (HTML) 3
LBl I Utiidades ¥ I Help (PDF) 3
Microsoft Excel (.. Asistencia remota GeoGebra

,_é Internet Explorer 1’:}’ GeoGebra (English)

Lﬂl Cutlook Express "7 GeoGebra Geometry

G} Reproductor de Windows Media *’"_':}’ Genaebra Geometry (English)

I Hercules » [Z] License

7l Adobe Reader 7.0.6 [Z] Release Motes

Selkeco Butkon Maker &] website

Todos los programas @ GeoGebra 3 @] Website (Forum)

Figure 35 — Start GeoGebra

You can do it either ways to get to the application window where the basic elements

have been remarked: Toolbar, Input field, Algebra window and Drawing pad.
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Figure 36 — The basic elements of the GeoGebra application

To Hide/show the axes, select the command Axes from the View menu.

By selecting one of the modes in the tool bar you can do constructions on the drawing
pad. Coordinates or equations of the objects appear in the algebra window.

In the input field you can write coordinates, equations, commands and functions that

are displayed at the drawing pad after pressing the Enter key (or equivalent).

1V.13.2. Representation of points

.‘ﬂ" Click on New Point button. Place the cursor on the drawing pad and left click. Point A

is displayed as represented here:
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Figure 37 — Representation of points

The last selected mode remains active until another one is selected, that is to say, if we
scroll the mouse and left click again a new point will be created. The two arrows on the top

right area (tool bar) allow us to undo = or redo @* the last actions.

IVV.13.3. Change name

GeoGebra assigns names to the objects alphabetically. In the case of the points: A, B,

To change the name of an object:
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Q Click on Move button.

Point A

Polar coordinates

Show object . . .
J Place the cursor on the object and right click.
v A0 Show label
Trace on In the context menu select

Rename " Rename

[& Redefine

5 Delete

Fropetties ..
Mew harre for Point A In the Rename window, type the new name
Andres am of the object and press the | apply | key.

’ Apply ] [ Cancel ]

In this case we have changed the point A to Andrés.

1V.13.4. Modify properties

As it can be seen in the previous picture, after right clicking on an object, the context

menu with several commands is displayed. The last one, E‘ Properties ... allows access to

all the properties of an object.
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Properties
|Ohjects e s | - =
: Basic i 1 | | |
&-Paint | MName | Colour | Style | Aluebra | Advanced)
=4 Andrés
Show object
[¥] Show label: E-Name ::l
[ shaw trace
[] Fix object

Figure 38 — Modify properties

Let’s change the colour and the size of that point.

To change the colour, click on the | Colour | tab and choose a new one by clicking on

the suitable cell. To finish, click on the button .

P"rupe rties '3]
Objects | — o ~
E-Point | Basic | Name | | Style | Algebra | Advanced|
-4 Andrés
] ) e : .
|= [ Reciente:
“oiE m

Figure 39— Change the colour
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To change the size of the point, click on the | 5tyl= | tab and move the slider until the

measure you want. To finish, click on the butto.

Objects ' ; I BT |
Zmad ‘ | Basic | Mame | colour| Stvle | aigetra | advanced|
=4 Andrés Size
i
I 1 I |
1 3 5 7 9

Figure 40 — Change the size of the point

After the described modifications, the appearance of the point renamed as Andrés is

presented this way:

# GeoGebra

File Edit View Options Tools Window Help

DpENEEES

i)
b Fres objects X o]
L@ Andrés = (4, 2)
i) Dependent objects

.
b

<[

Crag or select objects (Esch s

64

44

Andrés

@ | Input | H' HIEBICUmmand... L:I

Figure 41 — The appearance of the point Andrés
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1VV.14. Introduction drill

The image shows a height (in meters) - weight (in kilograms) graph corresponding to a

group of 5 friends as it can be seen in the records made due to a check-up (notice the lack of

reference to the interruption of the axes).

Look at the chart from the Figure 41 and answer the following questions:

How tall is Alberto?
Which is Moénica’s weight?

Who is the shortest person? And the tallest?

Who is the most obese person? And the thinnest?

How tall is David and which is his weight?

What happens if we join the points?

Do you find the axis scale appropriate?

T T T T T T T
it LD
L8011 ____ bl bl bl bl _i_

| i | i | i | i |

i i i i i i i i i

Wl dpmal bbb
Ba e
i i i i i i i i i
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PO S TR SN St SN S SR S
1T I____I____I____,____I____I____I____I____I_
i i i i i i i i i
T T T T D 2 I
T I____I____I____I____I____,____I____I____I_
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ol e i bbb
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| | | | | | | | |

: ! : ! : ! : | height

i i i i i i i i i

11'50 11'55 11'60 11'65 11'?0 11'?5 11'30 : :

1VV.15. Basic commands

Figure 42 — Exercise

Our goal is to get a representation similar to the previous one. We have already

explained how to start GeoGebra and how to change a point’s colour, size and position.
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Let’s see now how to change the background colour, the axis colour and the grid
colour, insert a text and modify its properties, and how to hide the algebra window so that the
entire window will be occupied by the drawing pad. Besides, we will describe the way to
export the constructions to html format.

For that, we will modify a GeoGebra file, which we will save later.

IV.15.1. Open a file

To open a file we can:
[&5 select the command Open... from the File menu, in case the application is already

started, or,

BB double click on the name of the file.

. In either ways, we try to open the activ01.ggb file.

# GeoGebra

Edit Wiew Options Tools Window
[ Mewwindow  Crl+h

Mew
= nen ... Ctrl+0
[¥] save Ctrl+3
Save as .. Ctrl+Maylsculas+S

& Print previews  Cirl+P
Expart »

|| close Alt+F4

Figure 43 — Open a file
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% GeoGebra - englishactivi)1.ggb |Z| |E|[z|

File Edit Wiew Options Tools Window  Help
| A . @ d‘:— " ||lagc Move )
%. o 7‘/{7 —-~"‘-.”'; o u . o o ‘%7 Crrag ar select ohjects (Esc) =3
) Free ohjects x weight
David
@
Dependent abjects E
Augiliary ohjects - [
C
[
D
L]
B
L]
height
@ [ mput_|| IE v/t v Command.. v

Figure 44 — A GeoGebra file

If the grid is not visualized, select the command Grid from the View menu.

1VV.15.2. Hide elements

Let’s hide the elements that, in this moment, are not going to be used (algebra window
and edit line or input field).

To close the algebra window: Select the command Algebra window from the View
menu.

To hide the input line select the command Input field from the View menu.

The ticks ¥ shown in the image, in these items, must disappear.
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Algebra window Ctrl+Mayisculas+A
Auxiliary ohjects
Harizantal splitting

[nput field
Cammand list

E5| Caonstruction Pratocal ...
Mavigation bar for construction steps

@ Refresh views Ctrl+F
Figure 45 — The View menu
1VV.15.3. Background colour
To change the background colour:

Q select Drawing Pad... from the Options menu

Q or, place the cursor on any free area (from the drawing pad), right click and choose

Properties.

o=l Tools  Window Help

£ Faint capturing k
<% Angle unit »

Decimal places r

Continuity r
«" Foint style 2
J:_ Right anagle style ¥

Coardinates r Drawing Pad
a0 Labellin ¥

. v ] axes

Font size » v [ Grid

Language r
© Languag 4, Zoom »
Drawing Pad ... Whis yhxis b

. Standard vieww
@ Save settings

a) Festore default settings b) Froperies
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Figure 46 — a) Options menu and b) context menu

In the Drawing Pad window, click on the Background colour button and proceed as in

the case of the points (First steps).

Background color:

#xes | Grid

[Flaes  Calour E Line style: + |+
s | yais

(7] showwikis  Ticks:| | ' 1" | [v]

[JMumbers  [] Distance:
Unit ]

Label: estatura [VI

min: -0.85656  |v| max 1327778 v

KRS DyAxis= 1 N

Close

Figure 47 — The Drawing Pad window

Reciente:

1
1 ] T
I 5 5 5 5 e

vista previa
|

D Texto de ejemplo Texto de ejemplo

I Aceptar ” Cancelar ” Restablecer l

Figure 48 — Change the background colour to green
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1VV.15.4. Axis colour

To change the Axis colour:
U select Drawing Pad... from the Options menu

Q or, place the cursor on any free area (from the drawing pad), right click and choose

Properties.

e Tools  Window Help
C Point capturing k
<5 Anagle unit 3
Decimal places k
Continuity F
«" FPoint style k
_|:|_ Right anale style k
Coordinates ¥ Drawing Pad
An Labellin r
f v ] Aues
Font size r v [ Grid
Language r
© tanguag {4, Zoom b
B8 Drawing Pad ... ELCCAFTT A =R

. Standard view
@ Save settings

a) Restore default settings b) FPropeties

Figure 49 — a) Options menu and b) context menu

In the Drawing Pad window, click on the Colour button and proceed as in the

previous case.
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Drawing Pad E
(Drawingpad X

[JMumbers  [] Distance:

Background color:

ves | G
[v] &xes  Colour E Line style: | = M
HAMIS |\j.'Axi3
(7] showwikis  Ticks:| | ' 1" | [v]

Unit ]

Label: estatura M

min: -0.85656  |v| max 1327778 v
KRS DyAxis= 1 N

Close

Figure 50 — The Drawing Pad window. The Axes tab

Reciente:
(=

vista previa

n - . Texto de ejemplo Texto de ejemplo
M= - -
Texto de ejermplo Texto de ejernplo

I Aceptar ” Cancelar ” Restablecer l

Figure 51— Change the axis colour to green.

1VV.15.5. Grid colour

To change the grid colour proceed as in the previous cases until visualising the

Drawing Pad window.
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Click on the | Grid| tab, and then on the Colour button and proceed as in any of the

previous cases.

Change the grey colour to dark blue.

Draw’ing Pad ]
Background color: E

Axps | Orid |

@EmE  colour [

Aoierce <1 vyl V]
Ling style: |- === -——————— -~ v]

Clase

Figure 52— The Drawing Pad window. The Grid tab

1VV.15.6. Save a file

To save a file:

ﬁ Select the command Save from the File menu to save it with the same name,
or,
Select the command Save as... ... from the File menu, to save it with a different

name.

D Save the file with the modifications made up to that moment with the name

activ0l 0l1.ggb.
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FEN Edit Yiew Options Tools  Window
E. M i oy Cirl+M

ey
= open .. CHrl+0
] Save Ctrl+S
Save as .. Ctri+Mayisculas+s

{Gy Print previews  Cirl+P
Export k

£ activD1.ggh
¥ activ02_01.ggh

£ actividad0d.ggb
¥ activi1_02.gob

il Close Alt+F 4

Figure 53 — Save a file

D Change the name, colour and size of the points so that they are similar to the figure in

the introduction drill (to copy the shape of a point you can use the command | < | Copy

visual style — last button in the tool bar) and save the new file with the previous name

(activOl 1.ggb).

1VV.15.7. Texts

ABC| To insert a text you have to use the Insert text tool (penultimate button in the tool bar).

Once selected, place the cursor on the drawing pad and left click.

The Text window appears in the one we have to type the corresponding text and click

on the button.
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*rssn" ﬁj
Text
[1.30] ; 2]
0 o]

[ LaTex farmula

| anpty || cancer |

Figure 54 — The text window

To complete the introduction drill we still need the texts 1.80 in the X axis and 80 in
the Y axis. We type the texts (place the cursor, nearly at the same height that the already
existing ones) and then, we modify its properties so that the style will be similar to that of the
original figure.

We can use the Copy visual style tool, above mentioned, to copy some of the features
in the existing texts. Once this operation is made, we place the cursor on the text, right click

and in the context menu (Text T13) we choose Properties.

(Properties x|
Orf_J_ECt.S | Basic | Mame | Text | Calour| Position i Advanced|
t-Foint s T
= Teut

@ [] Abzalute position on screen

@

@

@

i

e Starting point. | (6.8, -0.5) [w]

-G

-G

G

@

@

—@

Figure 55 — The Properties window

In the Properties window, we select | Fasition | tab and we deactivate the Absolute

position on screen cell.
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In the Starting point field we write the coordinates of the text, (6.8, -0.5) and click on

the button.

We repeat this operation with the Y axis. The coordinates in this case will be (-0.5, 7).
g Save the new file with the name activ0l_2.ggb.
1V.16. Export

GeoGebra allows to export the constructions (the drawing pad or just a part of it) as
graphics formats (png, eps, svg, emf), copy them in the Windows clipboard and turn them into

an interactive html page.
D Open the last saved activ0l_2.ggb file in the previous session,

or

B the solution file activ0l_2Sol.ggb.

It must look like the following figure:

[} T [} T [} T [} T

weight | i | i | i | i |
——3-0—- ————— el bl L L = L L —
I i I i I i I i I

| 1 | 1 | 1 | 1 |

S N LR T T S N N N
I _____,____I____I____I____I____I____I____I____I_
| 1 | 1 | 1 | 1 |

S N T O S A . I
- T~ I____I____I____I____I____I____,____I____I_
I i I i I i I i I

| 1 | 1 | 1 | 1 |

L 65 ___ b 4 _h____i_
I i I i I i I i I

| 1 | 1 | 1 | 1 |
T S N T I
T I____I____I____,____I____I____I____I____I_
i i i i i i i i i

Y N O T O S 3 N I
- T I____I____I____I____I____,____I____I____I_
I i I i I i I i I

wl et obb b
T I R L S R
| 1 | 1 | 1 | 1 |

I i I i I i I i I

I i I i I i I , height

i i i i i i i i i

11'50 11'55 11'60 11'65 11'?'0 11'?5 11'30 : :

Figure 56 — The activO0l 2Sol.ggb file

The export menu is activated by the command Export from the File menu.
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E Dvnamic Waorksheet as Webpage (htmly . Crl+Mayisculas+y

Drawing Pad as Picture {png, eps) .. Ctrl+Mayisculas+P
Drawing Pad as PSTricks .. Ctrl+Mayisculas+T
[-] Drawing Pad to Cliphoard Ctrl+Mayisculas+C

Figure 57 — Export a file in GeoGebra

By selecting the Drawing Pad as Picture (png, eps) ... option, the drawing pad is
copied in a chosen file.
The Export: Drawing Pad window allows to choose the format from the output file

(png, eps, svg, emf), the scale and the resolution (only in the case of png format).

Export: Drawing Pad

Format; F'

Scaleincm:| 1| : | 1|

Resalutian in dpi:

SiFe: 12721022 cm, 1502 %1207 pikel

’ Export ” Cancel ]

Figure 58 - Export: Drawing Pad window
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By clicking on the button we get to the Save window, where we can choose

the name and placement for the output file.

&

Guardar en: e heta (D) |V| 5 .-"’||E|

Ty I|j CprMEW
L\b ) cprolD
Docurnentos B3 cursos
recientes = edlim
— Ilj mis documentos
' | producer
Escritorio | | =) ¥Yideo

|

k .

his
documentos

Kombre de archivao;
Archivos de fipo: Fortable Metwork Graphics Archivos §pnog) |V,

&

=
=
o

Figure 59 — The Save window

The Dynamic Worksheet as Webpage (html) ... option allows generating an html
file which contains the construction and, at the same time, the movement of the free objects. It
is possible to activate the application through a button and to allow the execution of the full
program by double clicking on it.

In the window Export: Dynamic Worksheet (html) we can write the title, author and
date on the corresponding fields which will appear as head and footnote of the html file. It is
also possible to include a text above (Text above the construction) and after (Text after the

construction) in the application window and to include html code in them.
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b)

Export: Dynamic Worksheet (html)

X

Title: ||

Author: |

| Date: |21 de enero de 2008 |

General | Advanced

Text above the construction:

= .
<[ %

(&) Dynamic Warksheet

() Button to open application window with canstruction

Text after the construction:

= .
<[«

’ Export ” Cancel l

Export: Dynamic Worksheet (html)

X

Title: |

Author: |

| Date: |21 de enera de 2008 |

General | Advanced

Functionality
[] Right click enabled
[ Shawe icon to reset construction
[] Double click opens application window
Uzerinterface
] Shaw menubar
[] Show toolbar
Show toolhar help

[ Shaw input field

Width: Height: 514

’ Export ][ Cancel ]

Figure 60 — The Export: Dynamic Worksheet (html) window. a) Advanced tab, b) General tab
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The radio button Button to open application window with construction allows hiding
the visualization of the construction until this button is pressed.

The | #3284 | (b allows choosing among the program options available for the user.

If the Double click opens application window cell is activated, the double click on the
construction in the Web page generated allows to open GeoGebra with the same features that
the Windows application.

In any case, several files are generated. If the name of the file is activOl 03.html, the
files activO0l 03.ggb, geogebra.jar, geogebra cas.jar, geogebra export.jar, geogebra gui.jar,

geogebra_ properties.jar. are kept in the same folder.

IV.17. Representation of the points

1. In the following figure you can see the representation of the point P (3, 2).
Remember that the first number, the abscise or x-coordinate, is represented on the horizontal
axis (abscises); to the right of its origin if it is positive and to the left if negative. However, the
ordinate or y-coordinate, the second number, is represented on the vertical axis (ordinates);
above its origin if positive and below if negative.

S ardinates)

yi= |

X (abscises)
T [ T 1 1 T T T T

Figure 61 — Example
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If you drag the point P with the mouse you can see how the coordinates change. You
can check that if the point is in the first or fourth quadrants, the x-coordinate (abscise) is
positive, but if it is found in the third or in the second, the x-coordinate is negative. As regards
the y-coordinate (ordinate), it is positive for the quadrants first and second and negative when

the points are in the third or fourth quadrants.

2. The following figure has 4 points: two in the first quadrant, B and D, and two in the
second, A and C. The thing is to drag the points in such a way that there is one per quadrant

regarding the attached table:

Point | Quadrant
A 1
B 2
C 3
D 4
- % fordinates)
A B
L ] R L ]
Cc D
o - ®

X (abscises)
T

Figure 62 — Example
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Complete now the following table:

Point | Sign of x | Sign of y

A

B

IVV.17.1. Dragging objects, segments, texts

Let’s see how to make drills as the ones described in the previous paragraphs. We
already know how to represent points and to change their names. Let’s see now how to limit
their movement. We will explain later the way to define segments and to add texts with

properties dealing with the existing objects.

IV.17.2. Restraint the dragging to the grid

. We open the activ02.ggb file, which already has the labelled axis and it is placed
in the centre of the window. The thing is to incorporate a point P, which can be dragged with
the mouse and whose coordinates are to be shown together with the name, to present the
corresponding segments to the abscise and ordinate values (see figure in Representation of the
points, drill 1). Besides, we want this dragging limited to the points of the quadrant.

Let’s remember the way to define a point: Choose New Point, drag the cursor to the
estimate position (3, 2) and left click. Change the name, size and colour until it looks like the
original figure in this activity (see First steps).

To limit the dragging of the points to the grid we have to select the command Point
capturing from the Options menu and choose on. If we drag now the point P we’ll see that
when it is close to any of the points on the grid it is attracted by it. If we want it to jump from

one point on the grid to another without allowing any mid-positions, we have to select on

(Grid).
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m Tools Window Help
Point capturing on

bo® an (Grid)

Decimal places pooof

Continuity [

<= Angle unit

«" Foint style

_I:I_ Right anole style
Coordinates
A Labelling

Font size b

) Language b
Drawing Pad ..

@ Save settings
Restore default settings 1 T

Figure 63 — Selecting On the grid

We can deal now with the distance between the units of the X and Y axis together with
the ones defined for the grid. The definition of these distances is made in the Properties
window in the Drawing Pad (see First steps).

The distance between the X and Y axis is set by default at 2 units and the distance
between the points on the grid at 1 for both axis. If we want the points on the grid to be
correspondent with 0.5 unit intervals, we will have to write that value in the unit field in the

Grid tab.

Let’s see these considerations with two figures. The one on the left shows the window
without the grid, whereas the one on the right with the 0.5 distance grid. If we have the on

option (Grid) selected, the point P will change its coordinates in 0.5 unit intervals in both axis.
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P P
24 'S = ®
0 0
T v T T T
0 e 4 0 2 4
2~ =1

Figure 64 — Example

I1VV.17.3. Show the coordinates of one point

If in the Properties window of the point P, in the field Show label (in the | Basic | tab),

we select Name & Value, the P label adopts the shape we can see next in the image.

Properties g|

Ohjects

=-Point
“@P

BaSiClName Calour | Style | Algebra | Advanced

Show object

Show [abel: |Mame &Value

[] Show trace

B=i3 &
] Fix object (3.2)

4 Delete

Figure 65 — Show the coordinate of one point
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Another possibility is to hide the label (deactivate the Show label cell) and insert a text
in the position of the point. That way we can get texts different in colour and printing to those
in the point.

We define a text (see First steps) writing “P* + P. What it is under quotation appears as

it is; GeoGebra substitutes the P that follows + for the value of the point (in this case its

coordinates). Then, in the Properties window, click on T1 (in the list of objects), | ViEE | tab,

and select bold ).

Text E'
Text
P . 3

[ LaTex formula

Figure 66 — Define a text

Properties [zl
Oéh..J.Ecnt;t Basic Name|ﬁ| Colour || Position | Advanced
R Dacimal places:
Edit
e =
[ LaTex farmula

Figure 67 — The Properties window

In the | GelTL |tab choose a green shade and, finally, in the | PO | tab deactivate the

Absolute position on screen cell.
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Properties fg|
OP]ECT.S Basic|| Mame || Text Colnur| Fosition |Advanced
=-Point
= Tewt [] Absolute position on screen
L@ T

B3 23
Starting point; |+ 0.25, y{P) + 0.25) + ®

Figure 68 — The Properties window. The Position tab
IVV.17.4. Coordinates of a point
In the last figure it can be seen, in the Starting point field, a chunk of the original
expression:
(x(P)) +0.25, y(P) + 0.25)
x(P) is the value of the x-coordinate of the P point and y(P) corresponds to the value of

the y-coordinate. These are dynamic values, that is to say, the values change regarding the

position of the P point.

D Save the file as activ02_01.ggb.

IV.17.5. Segments

The only thing left is to lay out the segments corresponding to the coordinates of the P

point and put the appropriate labels.

p

We draw the segment between P and the X axis, corresponding to the ordinate. In order to get

We choose the Segment between two points tool (third button to the left in the tool bar).
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this segment to always show the value of the ordinate, we have to modify its properties (right

click on the segment and choose

) and assign the point (x(P), 0) as its end.

Next, we can delete the point A drawn by the program to lay the segment out.

Properties

Objects
=-Point
ieap
E-3egment
i iGga

// Delete

X
Basic Name|Culc|ur Style | Decoration || Algebra | Advanced
Marne: |a |
Defnition: |SegmentP, oaP), 0] IE ~|

E| Properties
N " Ohjects
Basic NamE‘CUluur Style | Decoration | Algebra | Advanced S-Point
@A
Marme: ‘a | LGP
Defintion: | Segrmentl®, A IE v B---S:egr:ent
-
=-Toxt
=@ T
Cloze | [ 4/ Delete

Figure 69 — The Properties window

And the same way to draw the segment corresponding to the y-cooordinate. In this
case the ends will be P and (0, y(P)).

In a similar way to the insertion of texts in the case of the point P, we can insert the

labels of the segments (to show xP you have to write x_P).

IV.17.6. Text with parameters

ABC

(penultimate button in the tool bar) and we write

“y_P="+y(P)

Remember that what it is under quotation will appear in the same way (but for the

With the cursor surrounding the segment a, we choose the Insert text tool

subscript) and the expression under after + is replaced by the value of the object y(P), that is

the y-coordinate of the point.
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Properties §|

Objects Basic | Marme | Text | Colour | Position | Advanced

Sans Senf v | [12 v

Decimal places: hd
Edit

M_P =" P - b
o L
[ LaTex farmula Apply

Figure 70 — The Properties window

And the same holds good for labelling the segment corresponding the x-coordinate.
Remember that in order to drag the text with the point you have to deactivate the
Absolute position on screen cell and write in the Starting point field the corresponding

coordinates (that must make reference, in any way, to the coordinates of the point).
Q Save the file as activ02_02.ggb.

g Use the command Export (see Export) with the option Dynamic Worksheet as Webpage
(html)... and save the generated file as activ02 03.html. Open it with your browser and check

how it works.
g Reproduce drill 2 at the beginning of this section. Save the file as activ02 04.ggb.

D Use the command Export (see Export) with the option Dynamic Worksheet as Webpage
(html)... and save the generated file as activ02 05.html. Open it with your browser and check

how it works.
IVV.18. Algebra window

In the previous exercises we disregarded the algebra window. Let’s see now the

information and the edition possibilities this window provides.
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To open the Algebra window, click on the command named the same in the View
menu.

The attached image corresponds to the exercise described in Represent and drag
objects.

As you can see, there’s a free object, the point P, and two others dependent, the

segments a and b, built to represent the x-coordinate and the y-coordinate of the point P.

{% GeoGebra - activ02_0D2.ggb

File Edit “iew Options Tools Window Help
A ) L | o° | mec L
* vl/v /*'-,”7 @7 “Y | il ‘%v Drag or select ohjects (Esc) =
- Free objects x ¥ {ordénadas)
L@ P=(3,2) i
Dependent abjects
J a=2
@ h=3
P Ausiliary objects
P(3.2)
Vp=2 I
’ 1
I X (abscisas)
- r - - T
=3
@[ Input: ” || v||Cummand... v

Figure 71 — Example

The same considerations already mentioned dealing with the context menu in the
Drawing Pad hold good for the algebra window. For instance, if we place the cursor on the
point P, in the Algebra window, and right click on it, we reach the context menu

corresponding that point.
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¥ GeoGebra - activ02_02.ggb = (=E3]
File Edit View Options Tools  Window Help
ABC
. Drag or select objects (Esc) =1
Free DbIBCtS * (ordenadas)
L@ P=(3,2) .
) Dependent ohjects
@ a=2 1
e b=3
Auiliary objects
P(3,2)
I C eome
Yp=2
i Polar coordinates
) beisas)
- T v . Show object
=3
e A% Bhow labsl
Trace on
7 Rename
[ Redefine
,-;'7_ Delete
7 Propetties ...
@ [ Input: ] ‘ || v| |Cummand A

Figure 72 - The context menu of the P point

Any change made on any of the two windows immediately occurs in the other. So, for
instance, the dragging of the point P to a new position causes the corresponding change in the
algebra window regarding the definition of P and the measure of the segments. And
reciprocally, all changes made in the algebra window are translated into changes in the objects

represented in the drawing pad.

& GeoGebra - activ02_02.ggb (=t
File Edit View Options Tools Window Help

Drag B BEEm RS (351 [od

L'f) Frae objects  (ordenadas)
~@P=(2,1) .

D Dependent objects
@ a=1

3 b=2

W2 Auxiliary ohjects

ve=1 |

X (abseisag)
; T

@ [ mput ]| H V|‘Command . -

Figure 73 — Example
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1VV.19. Construction Protocol...

By selecting the command Construction Protocol... from the View menu, the
Construction Protocol window is displayed where all the existing objects appear.

In the View menu of this window we can choose the fields listed there.

E Construction Protocol

File “iew Help

Mo, |Mame Definition

1 |PaintP

2 [TextT1 "P"+F

3 |Segmenta SegmentlP, (P, 0]
4 Segmenth Segment[P, (0, v(F]

5 TentTz ="+ (P

B (Text T3 "FP ="+ iFn
EREBLOENER

Figure 74 — The Construction Protocol...

E Construction Protocol

File “iew Help

Mo, | Mame Definition Algehra
1 |PointP F={32
2 |TewtT1 "F"+P T1="F {3, 2"
3 |Segmenta Seament[P, (P, 03] a=2
4 Segmenth Segment[P, (0, wF)] b=13
5 TexdTZ “xp ="+ (P T2="w P=73"
B TextT3 " ="+ (P Ta="y P=2"

ERERLLERIER

Figure 75 — The Construction Protocol...

And with the arrows in the lower part of the window, we can regenerate the building
from the very beginning, step by step.

The command Export as Webpage (html) in the File menu in this window allows us to
export this protocol and decide whether to include the drawing of the construction or not.

This command is the same we had previously seen, command Export in the File menu.
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Export: Construction Protocol (html) E|
Title: |F'Uint5 representation |
Authur:“ |Date:|22deenemd92008 |
[4] Insert picture of construction  Wieth:| 483 | Height | 338]

Colourful construction protocal

[ Export ][ Cancel l

Figure 76 — The Export as Webpage (html) window

The next figure shows how this export browser looks like.

P

y v |@D:'I,Mis documentostcp V| || X |

T ey

(= GeoGebra - Construction Protocol - Windows Internet E... |Z||§|E|

i:i' ale IgGeoGebra-Constructinn... ] l ﬁ i EQQ & |_'}°

Points representation

¥ (ardersadas |

Created with GeoGebra

FP3,2]
f==—= *
¥p=2 |
| 1
| X | atciss)
wp =3
No.| Name Definition Algebra
1 |Point P P=(32)
2 |TextT1 "P"+ P T1="pP (3, 2)"
3 |Segment a|Segment[P, (x(P), 0)]|a =2
4 |Segment b |Segment[P, (0, y(P))]1|b =3
5 Text T2 ||xp =" 4+ (X(P:‘:‘ T2 = lep =3"
6 Te){t -l—3 "yp = n + (y(P)) T3 = Ily,F> = 2II

| £

Figure 77 - The export browser
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IV.20. Export

Before, see Export, we mentioned that the use of this command to obtain a Web page
generates several files. For instance, if the html file is named test.html, this one is also created
unless the test.ggb file already exists.

Well, to modify the test.html file regarding the geometric construction, you only have
to modify and save with the same name and in the same folder the test.ggb file. You can get
this file from the browser if the option Double click opens application window is selected by
default; otherwise you can open it from GeoGebra provided it is accessible in your computer.

Another possibility is to re-export the construction again, once all the proper changes
have been made. But if we have made unrelated modifications with the construction in the
html file (add and/or modify texts and/or graphics...), those will be lost with the new export.

Due to this considerations, when we have to open an html file that contains a
GeoGebra construction, and we want to save it with a different name, we will have to follow
the next steps:

1. Open the html file (let’s suppose that it is named test.html).

2. Open the GeoGebra construction by double clicking on the corresponding window.

3. Export the file with a different name (for instance, testNuevo.html).

4. Make the proper changes in the GeoGebra file and:

@. .. Save it as testNuevo.ggb in the same folder that testNuevo.html,

or,

F Export the new construction with the same name testNuevo.html. In this case, the file

testNuevo.ggb is automatically created.
IVV.21. Bibliography for teachers

[1] The Geogebra web site: http://www.geogebra.org/
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