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Note

For this first manual, our choice has been to introduce the user by offering several situations
with a step-by-step guidance. It will be complemented by a reference manual specifying the
capabilities and options.

The first three sections introduce to the symbolic window pre-existing to the Dynamic
Geometry extension. The two other sections explicate in details the capabilities of the
Dynamic Geometry extension and the link towards the symbolic window. The last section
illustrates how a function defined in the symbolic window can be handled as a geometrical
object in the Dynamic Geometry extension.
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Symbolic window (1) : Study of a function

This first example helps to become acquainted with Casyopée, and to quickly discover its
main functionalities :
e creating an x-value to be used for a set of definition
e creating a function
e graphing it
e getting a table
calculating symbolically
e solving an equation

More help is available through the help (?) command of the menu tool bar (now in French
only).

This document refers to Casyopée's menu entries. Using buttons associated with the
commands (see help) is also possible. The entries are written in bold font.

Preliminary notice

Casyopée records every creation, modification and result (of computations, of equations
solving etc.) in the Notepad (bottom right). The user can add his own comments in the

blec
not

Notepad or remove a line. The Notepad can be displayed in full column using the = button.

Let f be the function definedon ]-ew ;2/3[ v 12/3; [ by f(z)=3.5

Files Editlgeate Compute Jusiifn Exploration  Options

b} —§ i
0 |E7| L X
Fonc few function
H-e L Mew Piscsiwise
O ge Equa Mew Equation

Ei;; Parameter

Creating an x-value
In the Create menu, choose Create X.

A dialogue box opens, enter the '-Nex i I [=] B
- it Create elp Topics
value, then click Create ; youcan | — ——  °
. v Creatq X Exit |
now enter a new value or quit the S o vt e e e e e
dla|Ogue bOX by CIlelng the EXlt arccos{ I arctan{ I max(l
button | B E=

olt[23[4s[e|e[s]e] «|-[=|-[~|c]>]
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The new value appears in == e R e e e
the window of x-values, top

left, and is displayed like x0 -
=2/3 Lixo = 2.3 =0 = 2/3
L oo

Creating a function

In the Create menu, choose Create function; enter the expression using keyboard keys or
those proposed at the bottom of the box. Enter the definition set by checking intervals or x-
values in the window at the top of the box.

>+ New function =l
Edit LCreate Help Topics
Intervals of definition

[ W -2 5 x0[
0=23 | :

e = MIx0 5 <l The Auto
button gives

the greater

w0523 s possible set
] [v] [ k4o | of definition

m for the given
x ? |{x+1}f{3x—2} | axnressinn

q'CreatE x Excit |
£ I n I J{ I ahs{ I tanf{ I sing I cos{ I In{ I & I arcsind |
arccos{ |a1--::tan{ | max{ |

o|t|2]3]a|s[e[7[s|e] «|-[=[]~]c]>] x|

After the Create button has been clicked, the function and its expression are added in the
respective windows. You can create several functions, and quit the dialogue box by clicking
the Exit button.

Filez= Edit Create Compote Justfy Egplaration Ophons 7

) o e e e e e

T of 0
Llyo = 2.3 ®0 = 2/3
[ s :
Functions
window
function defined on]-cw;2/3[ U ]2/3; = |
f iz + 1)
f {x + 1) T =
b
3 x—-2 Ix — 2
Notepad
) Expressions window ) )
Check the function f he graphical window appears above the
Notepad.
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!>+ Table

=10 x|

ThiStart l“

DeltaThl |1

il I

You can change:
the Window
via a dialog box.

You may change the graphical representation of the function by using
the Exploration menu or the window's toolbar.

| EgplnratE Options

.- Parameter
WAirdon
£00m k
Center L
T abulate

- Zoom. | Exploration  Dption
3=

—

Zoom Out

L4 @\ Zoom In

Zoom Fit

Center the cross or the origin Center.
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clear all windows
Immediate VISUALIZATION

RAZl clear selectad window del
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LCenter
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Table

A table of symbolic values taken by the function for real numbers entered and checked in the
window of x-values is also displayed above the graph. A contextual menu allows switching
between values and limits.

Table displays up to 15 decimal approximate values.
You can change the starting value TblStart and the increment DeltaTbl.

i IEF;'! | xi For | +;: EXpANZIan

The Compute menu 0 o LachuRsleeE i antiderivative
—% == common denominator Zer0s
In order to use the Compute menu . : : ,
M o = 2.3 partial frachion expanzion

= select, with a click, the expression (it
is highlighted in the colour chosen in the
skin of your desktop),

= choose the computation to be made,
the result is displayed in the Notepad
and a dialogue box requests a
confirmation that the x-values (resp
expression) obtained are to be added to
the corresponding window.

Choosing derivative, this confirmation is requested:

B

,@ Fut in the list derivative 7
then an expression of the derivative appears in the expressions
L] and functions windows, and in the Notepad

O

Expression window Function window | Notepad
£ (x+ 1) Oof 0o | sx v s
b s
3 x -2 of == R -
(3 = — 21
Iy i 1 £° megative
x 3 3 x — 2 - 5 3 x + 3 z.jnction djfined s ]Ico-,2/3[ U 1243 = [
(3 x — 2} P . (3 == + 3)
3 x — 2 2
(3 = — 21

Solving an equation
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'>+ New Equation =1 E3

Edit Create Help Topics

v Crea’cq X Ext |

£ I n ! W | ahs { I tan{ i sin{ I cos{ I In{ I e I arcsin{ |
arccos{ Iarctan{ Imax( I

In the Create menu choose New  #2¢|e¢| of1]z|3|4|s]s|2|8]a] +|-|=|-|*|c|>] x |
Equation. Enter the equation and [ (>=-2I =]
click OK. The equation must he F{x) ou f{xk) = g{x) or Cte

. :
">+ New function

|Ereate g Edit Create Help Topics

JC Hew = Interuals of definition
{[Fonc few function g l_] e 5 x0[

- :|x[l =2 ¥ =
B v peovane | Y ———
Equal Mew Eguation =
1-2;51[ o Auto |

b=.. Parameter

Ih :|v x * |ax+h =]
A new window opens bottom left: -
it is the equation window. o cread X e | Exifppr Lo o = =2

. . o EII[I*J{Iahs(Itan{|31n(lcus(lln{|
= Click on the equation (itiS arccos¢ [arctant [ maxt | I—_,
highlighted by the colour blala¢|ec| l]|1|2|3|4|5|E,|-‘-,| SEAR G
chosen for the skin of your

desktop), |felololb] x| e
= choose in the list Exact or Approximate.
oam The solutions are displayed in the NotePad
- :' i and a dialogue box asks whether the solutions
® Put valus(s]in the it ? Oyt = 3.7 should be placed in the list of values of x.
Lxn = 2.3
Ha i

By clicking on “Yes”, you make the solution
appear as x1 = 3/7 in X-values window.

bloc
nuts

This the end of the first example Using the == button, the Notepad is displayed in full
column. It is easier then to read the results of the user's study. Saving is possible, Casyopée
creates « .txt » files (text format).

Activate Files / New in order to open a new work sheet and to start the next example Getting
Started (2)

Symbolic window (2) :

Study of a function with parameters

This second example helps to become acquainted with the functionalities of Casyopée for
functions with parameters :

e defining a function with parameters

e animating and “unanimating” a parameter

e substituting values of parameters

e writing algebraic conditions
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Preliminary notice

The buttons OK, Exit, Cancel or Evaluate close the dialog boxes.

Three functions f, g and h are considered :
fisdefinedon] - ;-2] by f(X) =—(x +2)2 -
gisdefinedon[1;+o[ by g(x)=(x-1)2+3;
his definedon[-2; 1] by h(x) =ax+b;

The goal is to find values of a and b to connect the three graphs continuously.

Starting
e Create the x-values -2, 1 (as in first example) ;
e Create the functions f, g (as in first example), checking the correct sets of definition.

e This how to Create the h function :
in the Create menu, choose Parameter, then New so that the parameter a appears.

It is possible to change minimal and maximal values and the increment,
| Creste o= Justh and to delete the parameter.

CX Hew i
« Fonc Wew function Ih "] |
L Mew mecewise min  |max |DaS | |
Equa ew Eguation a 10 1 Suppr. :
min
0 1 3
Please create also the parameter b: 2 P
b |-10 10 1 T

You can now enter the h function.

Animating parameters

S R —
You can instanciate parameters by clicking on them in the toolbar.
e You can animate the parameters with the mouse or the keyboard's arrows.
e Values taken by parameters are in the ] min ; max[ interval.
e Checking f, g, and h in the functions window, you should get a screen like this:
e The graph of h is updated according to values of a and b.
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f(z):—($+2)2—1

D‘E’,“x Font | Equa S:|X R_xlrfs EIEV‘ ’—J_ EP J—
- AE - el
P L : S (et | el B |
N=72
g
551:1 h
co
et pEp- 1] mm| <> w| L] ]

g{z)=(z-1)?43

hiz)=ax—+b

/ T
1
1

To update the increment of the parameters, select Parameters in the Exploration menu, then

in the Parameter window change the increment.

E;plu:uratE [ ption:

HEEm
i n:__| Parameter
e

[ et | - I |
Windony | &

Zoom 2 min |max |pas | |

LCenter g a -10 10 1.3 Suppr.

T abulate h -10 10 13 Suppr.

When the mouse cursor is in the graphical window, it appears as a cross, and you can use the

Zoom functions:

You can draw a rectangle,
dragging the mouse right
button.

You will be asked for a
confirmation

The graph is expanded in the rectangle.

=
T &

ZoomBox ¢

e

'
o

¥

e

Use of the symbolical values' window to get the conditions at [ — 2 ;1] interval's bounds.

Check x0 and x1 in the x-values' window. The symbolical values' window helps to express

algebraically the conditions :

v £ [

vig il
vh [ ~o]l

[l ]l

[~ 1

x0 b
F -1 X
g pd 3
h p—2qa+b
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These conditionsareb-2a=-1 et a+b=3;
By solving this system, you can obtain suitable values for a and b (4/3 and 5/3).
Animate the parameters to give them these values and check on the graph.

Parameter substitution
Select h in the expressions window. e
sl facharization

With the Substitute parameter entry of the .., :
Compute menu, a new function is created | omman deneminatar
where the values of a and b are replaced by

those shown in the row of parameters values.

Confirmation is asked for each parameter:

Substitution in h !

@ Create new function with a = 4,/3

!Ezj parameter substitution

i z 5
I denvative

1+H P r
L EMpangion

|'|"IH'-|r antiderivative

partial fraction expanzion ZErDs

A new function hO independent of the parameters is created andappears in the windows.

This example demonstrated the capabilities of Casyopée for solving problems with
parameters.

In Getting started (3), the Justify menu will be explained.
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Symbolic window (3): Using the Justify menu

This third example helps to become acquainted with the justification part of Casyopée :

» How to justify the sign of a linear function
» How to use the rule of signs for products

The sign of the function f(x) = (3x + 4) (m — 2x) is to be determined.

Two ways for determining the sign of a linear expression are demonstrated:
- one uses results about linear expressions' sign (method 1),
- the other uses results about variation of linear functions (method 2).

The conclusion will be about using the rule of signs of a product or of a quotient.

. ) £ x2 {3 x+ 4y {m—2 x}. Compute 3
Enter the f function (see Getting started(1)). b Suppr

In the expressions window, please right click on the expression of f. Sub-expression

In the contextual menu which appear, choose Sub-Expression. ';'”d'”“ F””Ct'DETl 2
. . - : opy ihe

The following window appears, it list the sub-expressions.

Cloze

Sub Expression

The selection of list's elements is as in Windows™
A& i explorer :

= keeping « Ctrl » key pressed, click on non-
consecutive elements on order to select them ;

= keeping « Shift » or © key pressed, click on first,
then on last element of the list to be selected ;
The all button selects all the elements.

In this example choose All, then click on OK.

The expressions and functions windows are completed by
the selected elements named 0 and f1.

expressions window functions window
fx>3x+thn-2x) CLf | |
Ofo | |l

. - SR

f1l x =+ 3 =« + 4
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|_-__|Et|_f_l,T Exploration  Optionz 7

Sign of (3x —4) with method 1 5 : |

- - - - ] auggestions
Highlight f1 in the functions window
as seen above. Variations r quadratic
In the Justify menu, zero; Th Bijection reference functions
choose Sign then linear. ‘>« Sign: linear: Conditions of applic... [H[=] E3
This dialog box Edit Help Topics
appear : 3 x + 4 _a_]

Complete Coeff of x
and zeroing at.

Then click on ; _}ﬁl

the Evaluate button. Coefrotx ]

[

Zeraing at; I
e | n| ¥ | Evaluate] X Cancel |

If there is an error, a line shows up
the difference with the expression, If the correct values are entered, after clicking Evaluate, a new
you need to update the two inputs' | window opens.

value

" Sign- lncar- Conditions of opplic— RIS] 3 [ ™ <Gt IRct Centiiors ot it
Edt Help Topics Edit Help Topics 1-e 5 4.3
3 x + 4 1-4-3 ; =[
“x o+ 3.4
i
Coeff of % ii Coeffofx !3
= Evaluste Prop, e XCanceI -
3/4 - ; 4.3 Ve : :
Zeroing at: —l Zeroing at: I ‘
¢ | n | ¥( | Evaluate| X Cancel | | w|¥(| Eualuate] X cance

On each line, successive clicks make negative or
positive appear; evaluate your propositions by
clicking the Evaluate Prop button

When propositions are correct, the OK button is
active, please press it.

'+ Conclusion H=] E3 "+ Conclusion
§ e BT, T
1-4/3 ;5 o[ 1-4/3 ; o[

Evaluate F'ru:up.| i ‘ X Cancal G Auto W 0K X Cancel | 7 Auto |
O£ o
In the functions window, the results appear as a table of signs : Dii :: (L ::
O F
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sign of (w — 2x) with method 2

In order to determine the sign of (= — 2x), create the zero of the expression in the X-value
window (see Getting started (1)) then select fO in the functions window.

Of o 1
o~ -
OfEL - o | Iﬂtify E zploratian thiu:u_ns 7

Suggestions

Sign r i—
In the Justify menu, choose Variations then reference Wariations Kriown sign Der,
functions. zero: Th Bijection reference functionz

'-T';\.I'aliatiuns: reference functions: Conditions of applicat... [lj[=] E3

This window opens: Edit Help Topics

m— 2 x _'J

e o

e |m|¥¢| Evaluate | X Cancel |

Iu *» + [ {linear) __:|
P

You can choose the type of function in the list, and you will get a graphical representation of
the chosen function’s type.

" - Wariations: reference functions: Conditions of applicat... =] EX
Edii Help Topics

Click the Evaluate. button Witk =

. . . . f the f + 1i
Two lines are written, confirming or not a correct it e
choice;
after a correct answer, the Conclusion window opens.

=-2 x +n

1>« Conclusion
L J—20 ; —4-3[

1-4/3 ; o] |
) . L 2
For each line, each interval, click in order to make
decreasing or increasing appear.

Evaluate your propositions with the Evaluate Prop *+ Conclusion
button. ]-% ; —4/3[ decreasing

When propositions are correct, the OK button is ! ! e

active, please press it.

Evaluate Prop.| o OK X Cancal @ Auto

Casyopée User Manual V 0.1 p. 13/32




of o

In the functions window, results appear as a table of variation. TN NETIEN
Of1 |- o+ ||

After variations, it is needed to '-T': Sign: Known variations : Conditions of application
justify the sign ; in the Justify menu, = Edit Help Topics
choose Sign then Known m— 2 x =]
variations zero function en 1-2n and decreasing on [-9, o[
: applicable on the left of x1
|Qustif_|,| Exploration  Options 7 applicabhle on the right of x1
i Suggestions I
Yaniations 4 guadratic =
zero: Th Bijection 1eference funchions .J—J
& i product, quotiert -l! L
sum decreasing on [—90,. & [
mononm
square oot abs. .
Enown variations

Inverse I vi ; : ; =6 ;
i negative funu:tlunl zero function | positive function
The following window appears: £ I n l ¥{ I Eualuatei X cCancel I

Firstly, select the value which makes the expression null, then click on “zero function” and

on Evaluate. '-T': Conclusion [ (O] x|
At the top of the window appear the conditions
of application needed for the sign 1-4/3 5 1/2%n[  positive

determination. 11-2%n 5 o[ negative

After clicking on Evaluate, the Conclusion
window appears, you need to click on the lines
to make positive or negative appear ; then
click on Evaluate Prop. in order to evaluate
your entries ;

When propositions are correct, the OK button is active, please press it.

W 0K X Cancel | 2 Auto

Of o o |
Results appear in the functions window, on the 0 line. NGNS
= A T R
At last, in the functions window, | Suggestions |
select f, and then in the Justify menu, choose Sign then i linean
product, quotient, ! Waations ¥ guadatic
The following window appears: | zer: Th Bijection reference functions

praduct, quatient

LM
monom

square root abs...
E.nown wariations
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'-T'; Sign: product, quotient: Conditions of application
Edit Help Topicz

I{lt-2x}{3x+4} =

" o

fO0 poszitive on [-9F, 1-/2%n[, negative on ]J1-2%n, o0[,
fi negative on [-%, —4-3[, positive on ]-4-3, &[.

¢ | n|¥¢ | Evaluate | X Cancel |

At the bottom of the screen select the two lines, because f is the product of fO and f1.

f0  positive on [-9¢, 1-2%m[.
negative on

e | m|¥¢ | Evaluate | X Cancel |
Click on Evaluate, these two lines appear in the window :

the function is of the sign of '*+ Conclusion =] E3
o *f] ]-% 5 -4-3[ negative

B Gl oo ]-4-3 ; 1/2%n[ positive
Then the Conclusion window opens above : BRI —

The meaning of this window have already been
explicated.

After pressing Evaluate Prop. and OK, Bty Pmp'l v 04 | XCancel | g aio
the results appear as signs in the functions
window :

B oo
O£0  [[+% 1 +N0-l
Of1 ll- o+ |+ |
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Casyopée Dynamic geometry extension (1): An
optimisation problem

It is recommended that the user looks at the document “Getting Started with Casyopée”
document available on the ReMaths project website remath.cti.gr. The document *“Getting
Started with Casyopée” will help a non-French speaking reader to get a basic idea of
Casyopée's aims and functionality before the implementation of the extension to Casyopée.

In the following example we study the dependence between a geometrical calculation and a
geometrical variable by optimising a distance.

The Problem

A farmer wants to enclose a stock pen of sheep and goats with a high fence to keep out the
hyenas and jackals. The problem is he only has a limited length of suitable fencing wire (lets
assume the length of the wire is L). He wants to have a rectangular enclosure, but he only
needs to use the fencing wire on three sides of the rectangle as the fourth side is enclosed by
the wall of his home (here we assume the x axis).

He extends his wire perpendicularly to the wall (here he follows the y axis from the origin o).
The point o is one end of the wire and the point A is the other end. The point B is at the
middle. The farmer then chooses a point C between o and B. [oC] will be the first side of the
rectangle. Then the farmer extends the rest of the wire parallel to the wall (the x axis). The
point D is now at the end of the wire. The farmer chooses a point F on the wire in order that
DF=0C. He extends this length of the wire towards the wall, perpendicularly. The end of the
wire is now on the wall (the x axis) at point G. The rectangle is oCFG.

What position of C will give the farmer the maximum area for the enclosure o0CFG?

A

Creating a positive parameter

Create the parameter L in the main Casyopée window:
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Files Edit Create Exploration Options 7
O |E';|‘ x|F0n( Equa E:;;|X hig | £ |L=F Az ‘Aa| Dynamic Geometry |
— i
o New parameter L

L belongs to ]0 ., 10]

Switch to the Dynamic Geometry window, by cliking the corresponding button in the tool bar.
Construct the rectangle oCFG by first creating the fixed point A(O,L) by either selecting
coordinated point from the dropdown menu as follows:

or selecting the button for the coordinated point from the tool bar:

Next create the segment [0A] by selecting Segment from the dropdown menu of the Create
option and then selecting o as the first designated point and then A:

Next create the point B(0,L/2) the middle point of the segment [0A] as follows:
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L. M Coration of Coovanated Pont A 0.1
1 Cowation of Sagerrt foa]

e - - w
= ey e ] = aaAlh | |\£\&
a I"I'"'l=|ﬂ|‘|I—'i'-'.-')/'{3(' SNV _
Hitre | Goomatie Cakeaitines |
Crwation of Coosdnated Port A 1)
Crwition o Signan 4]
Crmonf it Poct Bl S o4
a
z
B
=
I
L 4
%
.
L3
0z :
L
T T [rooranates | 2050 wary

Jdemarer. e

Or as the coordinated point (0,L/2)
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**» Dynamic Geometry

Actions  Creats
R IR PR PP Rn_nnm—m/a/al»é/‘\r
A | A [aa]l Flr‘—.: w | P | | P R (3
i WH\ETE;;iC“.él Geometric Ca\culaliunsl
Creation of Coordinated Point A (0 L)
| Creation of Segment [0A]
| Creation of Coordinated Point B (0 L/2)
2
B
o
EEE
Coordinates : 6.32 -7.14 Walting

Creating a rectangle
Create the segment [0B] either from the dropdown menu as shown or from the toolbox menu

0] ]

=n . Toad oo TS N AT
. parr v | W f] v = ..|~l.._V\U\ﬁ
e Y} 73 4> i A DA\ :
™ Histor | Geomatnc Catostatons |
.;.I.u_ 3 Crestan of Cosrdirated Port A L)
] Creation of Segmest o]
Creation of Middhe Part B of e Sepment [a4)
- Cresbon of Segmest o8]

i démarrer [y
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C is a free point on the
segment [0B] created as on
the right.

Be careful to select Free
point on the segment and
not Free point, in order that
the point stays on the
segment and cannot be
moved outside.

K

ENES

“n |point 3 A\? Coordinated point // \
— . =
) Segment A FreePoint
S5 i
Line | gmtme Middle Point

) =t

a_ &

 ReY

W\ e
@ Circle

el
Intersection | .2 Transiated point

o
“=F" | Free Point on Segment

=
F Free paint on a Line

e
¥ Tp" FreePointonaRay

Tl
‘g eebraic tansiated Peint

N Intersection Point
\/P\ Free Point on a Curve

Free Point on a Cirde

Create the translated point D a distance L-d(0,C) in the direction of the vector oi
The procedure for creating such points is:

el N S

(Alternatively, you can enter d(C,A))

Choose the menu Create -> Point -> algebraic translated point
Click on the point of reference C

Choose the origin of the vector o then the 2nd point i
Enter the distance L-d(o,C) in the dialog box.

e ‘l(ld-( |abs( |tan( |sin( ||:us( | In{ | ™ { |arcsin( |

H

ol il 3 A W (9B

. F
.A Paint 4 Alx Coordinated paint ) -J creatd ) Ext X | Fone
\ v 2

A [ p—

“pa | Segment A Free Point arecos( | arcean( | max(
oo M Value [de.©
el Line | —i—s Middle Point

PR oli[i/c|s|afad.|x
A |53 As—s G
- Ray p Free Point on Segment
—
\/\ Curve p  Free peint on a Line
| ofsf2[afa[s[s[7[a]s]
AL
@ Circle 4 p  FreePainton a Ray
2ix
Intersection  » .E Translated point | a1t
2ad A
.E Algebraic translated Point
N Intersection Point
\'/F'\ Free Point on a Curve
Free Point on a Cirde
s
Comonates ot
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Alternatively you can use the menu item Translated point and follow the hints (click
successivelyon C, 0, 1,C, A

Create the translated point F a distance oC on the vector DC
The procedure for creating such points is:
1. Click on the point of reference D
2. Choose the first point on the vector D then the 2™ point on the vector C
3. Choose the 1st point to define the distance o and then the 2" point to distinguish the
end point for the distance C

Alternatively you can use the menu item algebraic translated point to create the point F
translated from C in the direction of vector oi, a distance L-2 d(o,C)

"~ Dynamic Geemelry.

o) = o
K R
£

Coordnates : 184 -1.61 Wating

Create a line perpendicular to the x axis passing through the point F by the menu Create ->
Line-> Perpendicular Line (alternatively you can use the corresponding Button in the tool
bar). Click on point F, then on the x axis.
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**» Dynamic Geometry

ol 2 i 4 B

Histanc |Geumemc Cah:ulalmns]

| Creation of Coordinated Point A (D L)
| Creation of Segment [0A]
| Creation of Coordinated Point B (0 L72)

Creation of Segment [0B]

Creation of Free Point C on the Segrment [0B]
Creation of Translated Point D of the Point C with the
Vector oi and the distance CA

Creation of Translated Point F of the Paint D with the
Wector DC and the distance oC

Creation of Perpendicular Line d1 to the line {oi) and
paseing through the point F

ke

Coordinates : 3,19 -1,55 Walking

Create the point G the intersection of the line above and [oi] by the menu Create ->Point ->
Intersection Point (alternatively you can use the corresponding Button in the tool bar). Click
on the line, then on the x axis :

** v Dynamic Geometry.

Bl S S L PSS NIV

‘ Creation of Coordinated Paoint A (0L}
| Craation of Segrent [A]
| Creation of Coordinated Point B (1,L/2)

Creation of Segment [0B]

Creation of Free Point C on the Segrnent [oB]
Creation of Translated Point D of the Point C with the
“Wector oi and the distance CA

Creation of Translated Point F of the Point D with the
Wector DC and the distance oC

Creation of Perpendicular Line d1 to the line (o) and
passing through the point F

B Creation of Intersection Point G of lines d1 and (oi)

Ry

Coordinates : 3.75-1.09 Waiting

Zoom in (second button, bottom left) and drag the axis.
Hide the line, the axis, segments [0A] and [0B], points i, j (action ->Hide/unhide an object).

Create the segments [0C] [CF] [FG] [Go]
Then move point C to observe how the rectangle varies.
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A G
e

]

A G
—_—

]

s ] /
P /

F

X/ Lt fy
‘R

AN

l Geometric Calculations ]

Creation of Coordinated Point A (0.L)
Creation of Segment [oA]
Creation of Middle Point B of the Segment [0A]
Creation of Segment [0B]
Create a Segment : between the Point C and ... Designate the second Point F on the Segment [0B]
Creation of Translated Point D of the Point C with the
Vector oi and the distance L-d(0,C)
Creation of Translated Point E of the Point C with the
Vector ol and the distance L-2"d(0,C)
Creation of Perpendicular Line d1 to the line (oi) and
passing through the point E
MESSAGE : Deletion of PerpendicularLine d1
MESSAGE : Deletion of TranslatedPoint E
B Creation of Translated Point F of the Point C with the

® Vector CD and the distance L-2*d(o,C)
Creation of Perpendicular Line d1 to the line (oj) and
passing through the point F
MESSAGE : Deletion of PerpendicularLine d1
Creation of Perpendicular Line d1 to the line (oi) and
passing through the point F

3 i Creation of Intersection Point G of lines d1 and (i)

c Creation of Segment [CF]
Creation of Segment [FG]
Creation of Segment [0G]
Creation of Segment [Co]

XN

Coordinates : 2,72 5.35 Waiting

Save your figure by the file->save menu of the Casyopée symbolic window (you can use the
Go to Casyopée button, if this window is not visible.

Creating Calculations

On the left panel, switch to the 'n | Ay Oty e e | = 2| N A AW O
Geometric Calculation page. T IR veiebk e — g S
Activate the menu calculations -> OME_1| yMA

Create calculations or the Tﬁ:ﬂy“ @

corresponding button on the X calculations valuzs
Geometric Calculation page. The B d
form to enter the geometric -

calculation window is open. d b

Enter the sum d(o0,C) + d(C,F)+ i

d(F,G) (or more simply oC+ CF ;

+FG) which represents the sum of 3 .
the lengths of the sides of the FRs e T
enclosure (refer to Figure 1 Coondinates : 0.226.10 Waiting - Objct Found : CoodnetecPont A

above).
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e|n|‘J( |al:|s( |tan( |s:i.n( |cos( | In{ | ™ |a1~csin( |
arccos{ |arctan( max{

Ualeur |d(o,C)+d(C,F)+d(F,G)I

o|ili/cr|n|c|s|a|ac.|x]y|

L| ofif2[sfa[s[e|zsle] +|-|x|<|~[c|5]

After clicking create and exit, the calculation is displayed in the calculation list on the left.
Check the ticks box if you want to have the current approximate value. Note that this value is
equal to the current value of the parameter L and does not change when you move C.
If you prefer to have the calculation in the form d(o,C) + d(C,F)+ d(F,G), tick the appropriate
box in the Options form accessible by the Option->details menu of the symbolic window:
after activating the option, delete (button above the list) and recreate the calculation.

[ A T TNAWO] | e e P A R TN
A X Histaric Geometric Calculations 1 ] A:: Historic Geometric Calculations ]
o | > U] >
TABLE TLEILE
> calculations values P calculations values
! o oLt CFT PG TR sitcaions | Computtons| cotoutans| W |_idfo. €\ HdlCFIHd PG an |
¥ Show defaultlabel
Signs: | affine  ||v Signes reconnus par Mup
vl second dearé ||™ suggestions g,
F D vl fonctions de référer ||Wl Conclusion aute
c i : graaiﬁtlrltéuuonem | Domaine auto ™ Copy Latex Expr.
: E’";Péﬁg;ﬂe s Equation solving time
o Variations | ¥ variations Connues ’I_Ji‘
Others : g;iresgér.(:onnu —
o f | @ fanrtinne do réfarar val
'%' .E‘ VARIA,BL\E name’, — i Coordinates : 2.05 4.57 Waiting
Coordinates : 0.90 4.69 Waiting
Now create the calculation “0C X | a | ay o fen == 2[5 2 WA o i)
0G”, which represents the area of oo S Calcatons |
oML
the rectangle. Vs ]
As this rectangle represents the x| calcuons ues
enclosed field, we should be able 2 eHEINAEE) oo
. .. i, )dlo,F
to find the position of C such that - Bl 3628
this area is the maximum. Check '
that its approximate value ) ;
evolves/moves when you move the ¢ ’ £
- VARIABLE name calculation value
point C. It must be zero at the two x|
ends of the segment [ oB ] and . Fosi ) —
- SELECTION Valeurs approchées
pass through a maximum value -
when the point C is at the middle 2 82 o0V 5)
Of the Segment [ OB ] Coordinates : 1.694.582 Waiting

Creating a Geometric Function

We will now deal with the problem of the maximum area in a symbolic way. In a symbolic
system we need to define a function whose variable depends on the point C and whose value
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is the area of the enclosed field. The Geometric Calculation in Casyopée will help us to do
that.

Activate the menu calculations ->choose variable or the corresponding button on the
Geometric Calculation page. Four lists appear. The first enables us to choose the type of
measurement (distance, x-coordinate, y-coordinate). The next two enable us to choose the

points concerned. The last one enables us to choose the identifier of the variable (x, t, n...)
There are several variables, whichwe | [gZEiss] X ext [s ~[fo ~].[c  ~| Name|x
can use for this problem. Let us choose

the distance oC (one could also choose | The wapiahle depends of C

BC, or yc) and the identifier t. It is defined upon [0 . 1-2L]

Casyopée declares that the variable is
appropriate and returns the definition
set ([ 0; L/2 ]). Validate this.

SELECTION Approximate Values
Note that the bottom of the window 2.1584 » 3.6331
displays the co-dependency between Calculation

the variable and the selected
calculation in approximate and d(0,C) = d[o,C)d(o,G)
symbolic forms.

By moving C, you can now observe
this co variation.

Now we will determine whether this co-variation is a functional dependency and, if it is, the
algebraic form of the function. Activate the menu calculations ->create function or the
corresponding button on the Geometric Calculation page.

Because, in this example, thereisa | /f =l [J-=/ atervals of dofinicion o aun
! ! w| 0= - 5 o
functional dependency, an entry form dRs sl S

opens. The algebraic form and the
domain of the variable are displayed. | ;1211

You can choose the name of the 7 — 2(L-27)
function in the top left list.

Because the function is defined upon W[ [l T | || Aa]_Dwmanic Geometzy |

a subset of this domain, but not = UE I o) New perameter L

necessarily on the whole domain, you z”fi L beloags to 10, 10[
can amend this domain. For this o
example, it is not necessary. Then just T e
activate OK. f 4(0,C) —+ dio (e, )

fiz) = 5(L—2x)

Switch to the symbolic window of

Casyopée to observe how the Function defined on ;]
function has been created. £ d(oC) = dio,C)ilosG)
fiz)= zlL—2x)
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This is an outline of a
symbolic study.

Graph the function by ticking
the box near f in the list of
function.

Select f in this list and
activate Justify-> variations-
>Fonctions de référence.

Choose the second item of
the list at the bottom of the
window. It corresponds to a
quadratic function under the
“completed square” form.
You can move the sliders and
try to adjust the values of the
parameters to get a graph
approaching the graph of f.

You can also evaluate and
Casyopee will give you the
“completed square” form,
and help you to determine the
variations of the function.

A summary is given in the
notepad. It can be a basis for
writing a formal proof.

The list of functions gives a
visual summary, and the
symbolic values table gives
the maximum area: L2/8.

o[ L—2x)

fjo = (- py "2 + ¢ |

(40740 .
B [
¥

[T S
e|n|¥¢ | Evaluate | xcancel‘ ¢ Auto |

I r———;
i
! o

]1-2¢ 3 O[ Undef ined
10 ; 1/4=L[ increasing
Jis4=L 5 1/2%L[ |decreasing
1172%L 5 [ Undef ined

e , x Cance\

¢ Auto

1-% 5 O Undef ined
10 5 1/4=L[
1174%L 5 1/2x=L[

1172=L 5 o[ Undef ined

i X Cancel @ Auto

1| x| Pone a2 |
W o [L=p 4=

Dynanic Geometry

Variations - fonctions de référence

r(L-2x)

of the form a(:r—ﬁ)z-l-'y

o

increasing on ]U;%[

decreasing on ]%,%[

45| ¢ [L=5] 42| Ag| Dynamic Geametry |

WEE  [~~0 ] S0~ ENENED

£ 2
U?U

v L [
Vi Variations : fonctions de,,
< >

You can now switch back to the Dynamic Geometry and build the optimal fence by placing C

at the middle of [oB] !
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Casyopée Dynamic geometry extension (2): Locus and

equations

Equations of Circles
Does a point moving on a circle define a function?

Create the point A (-2,0) then the circle centered in
A passing by j.

Create the intersection points B and C between this
circle and the x-axis.

Create the segment [AB] then a free point H on
this segment.

Create the line passing by H and parallel to the y-
axis.

Create the intersection points B and C between this
line and the circle.

Choose the variable xM.
Create the calculations yM and yN.
Then create the corresponding functions.

The expressions for the functions are bulky. Use calculate->expand to get a simpler form.
Graph the functions and observe that when you move H, two points are moving on the graph.

0 |E’;| |x|Fonc|Equa|g:;;|><_| Eéi‘i| % | Az |Aa| Dynamic Geometry

Historic Geometric Calculations] T v £ ::.wo O.W:: ‘$'|‘—'|I e[| 1 IIXII|II}‘II|
2 1| MA Vg ~l e
M, | WD - 5= <] w] 1] %
TABLE 1. =5
: 1
b4 calculations values
v 7] =
Jiky
I
& s
E Xy 2y, I
2
ﬂx;:\/sa—(\fﬁ—m(%fﬂﬁ)) - .
flzi=vi—g22-3
VARIABLE name calculation value L N
x [ T 4
x| H glz)= —\/9—(d§—w§(ﬁlf+1/2))
Accuracy | :

""""""""" glz)=—v9—52-2

SELECTION Approximate Values

1.7428 » —4_4419
Calculation

Fpr =Yy

T |

Function defined on [—w‘rg,w'rg]

S S T
<
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Equations of Parabolas

Create a free point on the

A [ S R R Z A F TN VWO

line (oi). Name it H.

rimm_qu;_' Mesures |

Create the segment (ij) an its .
middle. :
Create the perpendicular L Création du Poirt Intersection M des lignes d1 et d2
passing by this middle to the %
segment. </
Create the parallel passing by | ot
H to (oj). !
Create the intersection
between these two lines.
Name it M.
Create the calculation yM and choose the omz 1| MA
: y Vi Vg | x| e
Va“able XM. CALCULS GEOMETRIQUES
Observe the dependency between these a
. X calculs valeurs
coordinates of M. 7
u |
£ |1( |\J'( ‘ahs( |tan( ‘sin( |cos( ‘ In{ | £ |al~csin( |
arccos{ | arctan{ | max{
Valeur |yl"| j
ofifi|m|nalad,|x]y|
o|t[2]3[as[e|7|s]o| «[-[=|<|~]<|>] N L
VARIABLE nom calcul valeur
- T
x| M
PRECISION |
SELECTION valeur
1.48%96 » 1.6094
calcul
T g — yM
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Create the function and graph.

DR 3] relewls [ %] B[ 4] Aa
D ®

Ghométrin Dynonigue

o0

EEHEE MLH/HEJ

f .« S
\ ¥
[f = [O-= Intervalles de définition Autn | \\ (/'
] o W ]-o ; o[ Coche pour Graghe | bouton dros pour Juesf el tabiesy e T
gl
fo Xpg=ryy, o
fim=541f2
=250 [
2
I
z—T41/2
0K |! X sorti =

Fonction définie sur | —oojee|
1 %ag =g
fai=541/2

Try again by replacing point j by a coordinate
point F (0, a), a being a Casyopée parameter.
Be careful to define the variations of a, in
order that it cannot be zero when exploring.

MNouveau i Nouveau Positif | |h vI
min |max Ipas | |
a -9 10 2| Suppr.

a [ ST AT TN W O B

[ren— |

3 S

CALCUL'S GEOMETRIOUES

> calcsdn o
o 4
VARIAILE rom o ke
T T

PRECISION [ [

SELECTION vabeus
3,604 + 1424
akcal

Fu iy

)

Explore the behaviour of the curve by animating a.

D@ X rdewalz| ] [ lasps T =

Aa| Géométrie Dynamique |

—oo vE I I | <] w| L] 3
Coo
Coche pour Graphe ; bouton droit pour justif et tableau
I Ky,
142 1
Sz =T (a2 =

e

a appartient a -9, 10[

Bm

Covetnien | .17 T dranwns
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Casyopée Dynamic geometry extension (3): Handling a
function as a geometrical object in the Dynamic Geometry
extension

Fanc

The goal is to study the differential | 0v|=|@| x

e[| |

qUOti?nt for a pOint on the graph of hig| |ﬂ] As Aa| Dynamic Geometry |

a cubic function. PETIT

First create the function x-> 2 x/3- O_OL — Function defined on
x and a parameter a in the symbolic — ]—c0;00]
window. o) =229 -1 fle)=229—x

New parameter a

] 3]

Then switch to the Dynamic Geometry window and activate T

the menu create->curve or the corresponding button. Tick
the box near f, and click OK. The curve representing f is
displayed.

Then create the coordinate point A (a, f(a)). Note that A
moves on the curve when you animate the parameter a in the
symbolic window.

P Y e P i A 2 A S AR (O] Y

be selected

- : —'-z.
Ok Cancel

o

Cooednates 1 0.64 0,50 Watrg
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Create M, a free point on the curve by LI 3 o i 74 A NS |~

activating the menu Create->Point, Free ' oo
point on a curve or the corresponding “H

button. Note that M moves on the curve
when you drag it with the mouse.

Create the calculation (yM-yA)/(XM-xA) —
corresponding to the differential quotient : e T
relative to A. Observe the values of the

quotient when M is near A for various =
values of a.

Comdrates : Q.08 0.1 g

Then choose the variable xM-xA. Name it t in order to avoid confusion with x (the variable of
the function f.

The variable depends of H
# is defined on the domain of f
with an lefthand offset of: a

Then create the function. Note that the function is not defined for t=0. Thus if you validate,
Casyopee will issue an error message.

FEEd vy Intervals of definition o antn
o v ]-e 5 w[

J-ese0[

t— ¢{2(a+t)° 203 1)

o 0K | X Exi

ﬂ

To avoid this, create the value t0=0 by activating the menu create. Then untick the box near
t0.

g -] ey Intervals of definition o Auto |
AI=0 w -2 3 AL
o0 w1 5 o[

J-<¢:;0[ v JO;==[
t— t{2(a-+1)° —203 1]
.,/ Creatd x Exit

ﬁ
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Now you can
validate.

Observe that the
created function
is not defined for
t0=0, but it has a
limit 6a2-1,
which
corresponds to
the derivative of
f(a) in a.

O || B X[ ol =] X

it o [asho2 ,a_a|,qa|

Dynamic Geometry

_ f o |
Sy—p 29 T T ]
oo

flr)=2z3—2

A= 0
a

fad—1

glt) = H{2(a+1)°—2a3 1)

glt) = 6at+Ba242t2—1

tg=10

Function defined on

J—o030[ | 10500

g(t) = §{2(a+1)° 203 1)
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