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Abstract

GeoGebra is a free, open-source, and multi-plat&oftware that combines dynamic
geometry, algebra and calculus in one easy-to-askgge. Students from middle-school to
university can use it in classrooms and at homéigworkshop, we will introduce the
features of GeoGebra with a special focus on ngt @@mmon applications of a dynamic
geometry program. We will inform about plans foveleping training and research networks
connected to GeoGebra.

We can expect that at the time of the conferersf@adsheet will be integrated into
GeoGebra which offers new ways teaching mathemasicsy the interplay between the
features of a spreadsheet and the objects of dgngeoimetry.

Workshop Examples

We will adjust the examples to a possible previkuswledge of the participants and make a
selection of the following problems according te thishes of the audience.

1 Another Property of a Triangle

Given is an arbitrary triangle ABC. Construct seasanver all sides of ABC. Take two
vertices of the triangle — say B and C — and coteplgo adjacent sides of the respective
squares to parallelograms. The resulting fourttices U and V of the parallelograms are
connected with the remaining vertex of the triangk.

Try to use macros for your GeoGebra construction!

Do you have any conjecture about the propertigkefienerated triangle AUV?
Can you prove your conjecture?

What happens if the squares are erected in the ditleetions?

Can you find a formula for the area of the triaf’gle

We will show a generalized result given by Geomé&ixpressions.

Credit goes to Peter Liicke-Rosendal. He foundgiablem in an US-journal.
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2 Some Calculus — Finding Pedal Curves and Relatise

1. Givenis a curve and a fixed point B (the pole).

2. Draw a tangent at any point A on the curve.

3. Mark a point Q on this tangent so that BQ andak@perpendicular

4. Find the locus of all points Q when A is tracthg curve. This locus is the pedal
curve of the given curve with respect to the pole.

The graph shows a pedal curve of a sine wave.

Further investigations: Find the Negative PedaMéufind the Contrapedal.
Find the equations of these curves using a CASampare with the loci produced supported
by GeoGebra.

3 Using the Spreadsheet for the Newton-Raphson-Algthm

We can assume that everybody is familiar with tlegvtdn-Raphson Algorithm for finding
roots of equations numerically. We will show inymdmic way the dependency of the root on
the chosen initial value.

The red points - ini_val,zero(ini_val) - represtre result of the algorithm as a function value
of the chosen initial value. A chaotic pattern apeZooming in will give interesting
insights.
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4 Some Statistics with GeoGebra

This is an example which can be found in an Austréxtbook (“Mathe mit Gewinn” =
“Maths with Profit”). Given are the height, the t¢h of the stride and the shoe size of 10
students. The problem is to find a relation betwtbenheight and the stride (the height and
the shoe size).

Name GriBe cm) | Schrittw.(cm) | US-Schuhgrobe
Josephine 150.8 6.6 i
Carl 149.5 62.1 5.5
Stanley 151.2 62.6 6.5
Terence 153.1 634 7.5
Larry 150.6 0.2 7.9
Walter 149.9 61.9 5
Patricia 146.5 60.9 4.5
Eleonor 146.5 62.9 B
George 151.5 6l.B 8.5
William 153.5 63.4 6.5
A . . 8 > ol 42 Move
E ° ’/‘ f‘ e (Ol “d \ — ‘ '%‘ Drag or select abjects (Esc)
3 Free Objects (60, 156) ’ A B
‘- P=(60.85, 149.07) y 62.6 150.8
) Dependent Ohjects
-3 L, ={(6256,150.8), (62.1, 1 2 62.1 1495
@ M= (62.48, 150.31) 3 62.6 151.2
D f(X) = (149.07 - 150.31) / (¢ 4 63.4 153.1
L@ gix)=2.16 x +15.22 5 62.2 150.6
@ 61.9 149.9
7 0.9 146.5
8 62.9 1465
5 62.8 1515
10 63.4 1535
11
12
] ® 13
i 14
L7 15
Sum of Squared Errors (= SSE) =36.62 16
17

The students enter the data and represent theonnmdf a scatter diagram. They are
instructed to find the “mean point” and any linesgiag this point. Then they shall find the
position of the line giving the minimum of the swithe squared errors.

Finally we add the linear regression line and camplae results.

Do the same for shoe size vs height and discussutiteme.
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5 Prey-Predator with the Improved Euler Method andSliders

This is one of the classic problems in dynamicayst We will use the spreadsheet together
with sliders to make the model as flexible as gussiStudents might be inspired to realize
better numeric routines like Runge-Kutta-methodl(amrse routines like Euler-method).

- - -
] 'AVH /VH “:ﬁv‘ ‘ I:\"VH ®v 'OV ‘ "L{LV XY —aiv é.v III;.)'Ill'malwg:!urSelectobjects (EsC)
a=1 h=04 & D
. 1 ko) Iyo) i

£=05 =005 7 | 1832105 4.19252
] 2 | 1939003 43822
4 | 2049834 4.60548
X = 1x- 01Xy 5 | 21.60784] 4.86607
. = 05y+005xy 6 | 2271336 5.47102
7 | 2379731| s5.52622
g | 2483838 5.03632
i g | 2581132 6.40018
10 | 26.68706] 6.95192
11 | 27.43314] 757147
_ 12 | 28.01473] 827302
13 | 28.39627] 9.06365
14 | 28.54302] 90.04225
| 16 | 28.42877] 10.00728
16 | 28.03045) 11.95004
17 | 27.34087] 13.0501
| 18 | 26.36723] 14.21079
19 | 25.13347| 15.37866
20 | 23.67961) 16.53044
21 22,0586) 17.63148
o 5 10 15 20 25 a0 a5 40 45 50 22 | 2033113 18.64791

You can see the mathematical model (in form of @adyic text). The sliders control the
parameters. The initial point can be moved by tloeise. The phase diagram changes
accordingly. We can add the plots of both poputeties time.

)

L} . ® -
E 'Av "/v -—f’v ;’hv ®v 'k‘./v '/*{qu xv _a:iv ‘%’v g:::;or select objects (Esc)
a=048 h=03 i (IJ] € o) O .
|

c=1 d=011 2 20.95395'?1 7.6363
304 3 17.28827 8.52047
4 13.94074 9.14181
W =05x-03x y 5} 11.08589 947694
254 y, — _,]y +011x y B 8.76621 9.54883
¥ 6.94182 9.40631
2 h.5349 9.10516
204 9 4.46055 8.69653
10 3.64242 8.22216
A 3.01815 7.71369
154 12 253939 7.19395
13 2.16969 6.67872
14 1.88204 6.17853
104 148 1.656%5 K.70005
I 16 1.47837 5.2472
17 1.33679 4.822
ad 18 1.22371 442518
19 1.13308 4.05655
20 1.06035 3.71534
0 21 1.00209 3.40042
0 5 10 15 20 25 a0 a5 a0 P 50 22 0.95563 3.11044
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