Computer assisted investigation
in the teaching of mathematics
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Objective

To present:

e the use of CAS and DGS in the mathematics
teacher training courses at the Faculty of
Education,

e selected collections of educational materials,

e particular examples.



Structure

e The role of CAS and DGS in mathematics
teacher training courses

e The role of CAS and DGS in mathematics

education. Demands of different educational
levels

e Particular examples



Preparation of mathematics teachers

* Pre-service teacher training courses

* In-service teacher training courses

l

a competent teacher



Preparation of mathematics teachers

To develop content knowledge of such a teacher
we can follow these three categories of content
knowledge (according to Lee S. Shulman, 1986):

1) subject matter content know

2) pedagogical content knowlec

3) curricular knowledge.

edge,
ge,



Preparation of mathematics teachers

Faculty of Education cultivates all three categories
(in both pre-service and in-service teacher training).

Each of them has its own demands on the use of
computers. We meet them within

* university courses,

e projects (research p. or p. oriented on practice),
e final works (thesis and dissertation),

* meeting and conferences.



1) Mathematics content knowledge

Technological support of the university
mathematical courses:

— Maple

— wxMaxima
— GeoGebra
— Cabri 3D
— CoCoA



Maple

* Long tradition at the USB

e Used in regular higher-level mathematics
courses

* Unsuitable for use in basic and secondary
schools because of its high price and no Czech
localization



1.5. ROVINA SDRUZENA SE SMEREM

Textbook: Introduction to quadrics

31
bodu R = [r,s,u] bodem R' = [r', s, «], potom

P Maple 13 - [Kap_L_B_Polarni_rovina.mws - [Server 1]] o [m ]
B Fle Edt View Insert Format Spreadshest indow  Help — &) x|
. . A ] -
(a1r + @128 + oy + agg)r' + (aor + azos + asgu + asg)s’ + (asgr + asas+ [O[z[B[]S] [ [E=E] [Z][T[r-] [<[=] S[=]&] ] [] (] |
asgu + agq)u’ + agyr + agps +agu+agg =0 M _
e b ’ O ’ i =20, H -
I:l'b' ) > Kuzlg:=spacecurve(Kuzl,x=-15..15,thickness=3,numpoints=1000,color=yellow):
Vetah (1.57‘: mizeme pi’t?pﬁéil‘ do tvaru Kuz2g:=spacecurve(Kuz2,x=-15..15,thickness=3, numpoints=1000,color=yellow):
> display(kvg,PolRg,Rg,Kuzlg, Kuz2g,teclg, tec2g,tec3g,tecdyg, axes=frame,scaling=constrained) ;
(agr’ + ajas’ + agan’ + agg)r + (anr’ + ans’ + asgu’ + agy)s + (e r’ + agas'™+
aggu’ + agg)u + agnr + ages’ + aggu’ +agy =0,
(1.68)
ze kterého plyne, e polirni rovina bodu R’ obsahuje bod K. Dikaz opacné
implikace je obdobny. jul
Piiklad: Polarni rovina bodn R = [15, —4, 5] vehledem ke kvadrice
9 2 3
-+ 4y +162° — 144 =100
z
> display(kvg,PolRg,Rg,Kuzlg, Kuz2g,teclg, tec2g,tec3g,tecdyg, axes=frame,scaling=constrained, or
ientation=[160,70])
o
10
z a
-0
10 =
[ Time: 005 | Bytes: B36K | Avallsble: 22201 |
Obrazek 1.22: Polarni rovina bodu R vzhledem k dané kvadrice {Pohled 2)

[Hasek, R., Pech, P., Kvadratické plochy a jejich reprezentace v programu Maple,
Ceské Budéjovice: Pedagogicka fakulta JU v C. B., 2010. ISBN 978-80-7394-271-7.]



Maple smart documents for financial
education

D:A\Veda\TIME 2012\Presentation\ConsumerCredit_Taskl.mw - [Server 2] - Maple 13 - ——

Eile Edit Wiew Insert Format Table Drawing Blot Spreadsheet Tools Window Help

NBBSS YXbE S5¢ TP EE «= MIOHS & Bk 2

il N
| MortgageCredit_Task2.mw € I

Text Dirawing Plot Animation Hide
\ [ 2o output ¥ | | Times Mew Roman e T B E = = % = 25
CONSUMER CREDIT

m

Task 1 — Purchase of a new TV set

We want to purchase a new TV set in the value of CZK 10,000.00. The bank lends us; its interest rate armounts to 11%. Let us suppose that we borrow for
one yvear and we will pay the money at a time in the end of the year. In addition, let us suppose that the bank charges conumnission for granting of ¢redit in the
amount of CZK 400.00 and for administration and operation of the account CZK 200.00 a year. What is the rate of profit of the bank?

Solution:

First we should unassign all varishles using the "restart” command. We will appreciate this initial step in a case of the recalculation of

thi=s document.

rasiart,

The amount of interest that we will pay to the bank
For calculation of the rate of profit we shall firstly determine the amount of interest that we will pay to the bank in the end of the year,
The mterest will he deterrmined by a simple calculation with percentage as follows: @ += 10000-0.11=1100.00 CEE.

The rate of profit

The rate of profit will be determned based on so-called annual percentage rate {in finance lnown under abbreviation APR). APR takes mto account, m addiion to mterest rate, also the charges
related to granting of credit (e g, the charges for approval and granting of credit, the charges for admumstration and operation of the account). Thus it iz percentage rate that expresses total
anmmal average cost of respective credit.

n

The forrmula for caleulation of APR s 2 = Z
k=0

a
—
(1+i)F

n
2 M
k= (1+3|k

where 2 15 the amount of loan, k 15 the instalment or charge t 72 15 the mupber of sty n’ient atna k-3h msta]me t (the mstalgnents alsg in ludc all c &3 rejategd, to the i
- étras ova, I]-Jllase ﬁ I\ﬁbhletlme%a;m pomuc a pro vyu?(u pre metu ll}ar% J nanc:,

® Ready WWWwW stranka pro podporu vyuky, http://www.pf.jcu.cz/stru/katedey/mjul, 2009] mMathMad=




wxMaxima

 Free downloadable open source CAS
e Czech localization

 Used in regular freshmen courses of linear
algebra and in courses on the use of
computers in mathematics education



Freshmen course of Linear algebra

W wxMaxima 12.01.0[H___ W'K: ; —

Soubor Editovat Cell Maxima Rovnice Algebra Analyza Zjednodudit Grafy MNumerické vypocty MNapovéda

(@3 ex«D0ce|>o | @

r

=l

=]

PRIKIAD: Je dana soustava rovnic

—X+2Fy+z=T
Xty+2*z=12,

Nejprve fedte pfisludnou homogenni soustavu, potom danou n
Re3eni porovnejte a pokuste se o jejich geometrickou inter]

(%11)
(%01)
(%02)

(%13)
(%03)

(%14)
(%04)
(%05)
(%16)
(%06)
(%17)

(%18)

rih:-g+2*y+z=0; rZh:x+y+2*z=0;
Z+2y-x=0
2z+y+x=0

linsolve ([rlh,r2h], [2,v,2]) 7
[x=-%rl, y=-%rl, 2z=%rl1]

rl:-x+2%¥y+z=7; r2:x+y+2%z=12;
z+2y-x=71
2z+y+x=12

linsolve ([rl,r2], [%,V,Z]);

3 5r2-17 3 %r2-19
[x= 3 P V= 3 , 2=5%r2]

load (draw) &

draw3d (surface hide=true, xaxis=true, yaxis=true, zaxis
implicit(rlh,x,-10,10,y,-10,10,2z,-10,10),implicit(r2

E gnuplot graph

-10-10

wiew: 56.0000, 311.000 scale: 1.00000, 1.00000

color=blue,implicit(rl,x,-10,10,vy,-10,10,z,-10,10), i

10

UL

Maxima podita




Moodle course in the use
of wxMaxima

http://moodle.pf.jcu.cz

wodaxima 13.04.2] neulofenc® ] [ [ 1ot ]
Soubor Editovat Cell  Madma Rovrice  Akgebra  Analiza  ZiednoduSit  Grafy  humencke wipoly  Mapovéda

(Wi} a[n]:= 3*n+1;
(ol & =3 n+l

(%%id) b[n):=2"n; :‘ Posloupnost definujeme stejrym zpisobem jako fonkee,
[9p02) b_:=2" g ﬂ sviak mdexy zapisujeme do hranatych ziverek

‘
|



http://moodle.pf.jcu.cz/

GeoGebra

Calculus and geometry courses

(477 Otoceni-Uloha-25.ggh

File Edit View Options Tools Window Help Sign in...
. - LlGs
[ .Av /v "'jv"jv I’\"v ®v ®v é;v NU ABcv a—:iv ‘_I_.v ? R
TlLEAC
(] ’ [
.-
|
4
|
:
|
i
i
I L d L
LTI :.I \..\. (P _ 600
(5] (] 16/ 16 (2] (1)
Input: ®




Cabri 3D

Descriptive geometry and solid geometry
R e S S =)

% Soubor Upravit Zobrazit Dokument Okno MNapovéda mmm

) - — - oy




2) Pedagogical content knowledge

Finding ways of effectively using computers in
mathematics education

Diploma and doctoral thesis
Seminar works

Conferences, research projects



Dynamic proofs
Irena Strausova
[http://www.geogebratube.org/student/b73724]

s 1
Ol Dynar % | (O Dynamické diikazy - GeoG... x | & -

| (' @ wunw.geogebratube.org/student/b73724# v e ' Google

Dynamické dikazy I Dync:lmicl(é dOKOZy

Irena Strausova
. Obsah kosoctverce

. Souctovy vzorec pro funkci sinus
. Obsah lichobé&Zniku - stfedni pfitka

. Obsah lichob&zniku - frojuihelniky

. Soucet velikosti vnitinich dhla
trojuhelniku

. Pythagorova véta
. Pythagorova véta

1. Obsah kosottverce 2_ Souttovy vzorec pro funkci
sinus

. Eukleidova véta o vySce
. Eukleidova véta o odvésné
- Vivianiho véta

- Vivianiho véta

Obsah lichobedriku Obsah lichobddreku

Py
P Ry

3 Obhsah lichoh&Zniku - stfedni 4 Ohsah lichoh&Zniku -

L] | L



http://www.geogebratube.org/student/b73724
http://www.geogebratube.org/student/b73724
http://www.geogebratube.org/student/b73724
http://www.geogebratube.org/student/b73724

Archimedes’ book of lemmas

Tereza Suchoparova

[http://www.geogebratube.org/student/b135598]
-

lemmat

. Lemma 01
. Lemma 01
. Lemma 02

. Lemma 03

. Lemma 04

[ B o = B o o 1 ot R

. Lemma 05

[y
=

. Lemma 06

-
—

. Lemma 07

[ —y
[FCR

. Lemma 08

[ —y
[ -

. Lemma 09

E—
- @

. Lemma 10

. Lemma 02 -

. Lemma 03 -

. Lemma 04 -

. Lemma 07 -

. Lemma 08 -

. Lemma 09 -

Archimedova Kniha

- dikaz

dikaz

dikaz

dikaz

dikaz

dikaz

dikaz

(- & www.geogebratube.org/student/b135598#

m

drypair, 16. 7. 2014

v & ' Google

] _4 Archimédova Kniha lemmat

Konstrukce a dikazy jednotlivych lemmat

e i

1. Lemma 01

2. Lemma 01 - dikaz



http://www.geogebratube.org/student/b135598
http://www.geogebratube.org/student/b135598
http://www.geogebratube.org/student/b135598

3) Curricular Knowledge

e Sharing of educational materials created by
teachers

, MatemaTech
— Matematech project -
www.MatemaTech.cz

MatemaTech
Matematika pres hranice

MatemaTech
Mathematik liber Grenzen

Ceské Budéjovice



http://www.matematech.cz/
http://www.matematech.cz/wp-content/uploads/2014/09/Matematech-Matematika-pres-hranice-odk.pdf

MatemaTech

4.3.1. Uloha 1 - Odkud dostavam postu?

Tato (loha trvd cca 20 minut. Z4c pro ni potfebuji aplet Odkud dostdwdm poftu.
Pomeoci os Usefek s= maji zkonstruovat takove cblasti, které lefi nejblize
kaZdému postounimu Uradu.

Obrizek 1: Odkud dostEvam postu?

Pote, co zaci tuto dlohu zviadnou, zavede se pojem Voroneho diagramu.
Definice (Voroného diagram): Voroneho obigst néjakého mista P, nozyvaného
také centrum, je mnoZinou viech bodd roviny, které leX k bodu P biiFe ned
k jinému mistu. MnoZing viech Voronehe obiasti se nozywd Voroného diogram.
Priklad 1: Voroneho dizagram pro 2 zadane body.

Pro 2 body P a  se Voroného diagram sklada ze dvou Vorongho oblasti, jejichz
spoletnym okrajem je osa dsetky PO. Pro kaZdy bod oblasti s centrem P [Eedé

zabarvena oblast) plati, Ze vedalenost k bodu P je mendi net vzdalenost k bodu
g

Obrazek 2: Voronsho diagram pro 2 body

Pfiklad 2: Voroného dizgram pro vice zadanych bodi.

30

Matematika pres hranice MatemaTech

Mglthe matik uh-er Grenzen

Amwendungsbeispiele  fir \oronoi-Diagramme wnd interessamte  Links
vorgestellt.

Zu dieser Unterrichtssequenz gibt es fir die Lermenden ein Arbeitsblatt
Voronoi-Diogramme, auf dem alle Aufgabenstellungen und Informationen
zusarmmengefasst sind. Es ist sinmvoll dieses im Vorfeld an die Sdhiilerinnen und
Schiler auszuteilen. Das Arbeitsblatt und die GeoGebra-Applets findet man
unter dem Link [1].

4.3.1. Aufgabe 1 -Von wo bekomme ich meine Post?

Diese Aufgabe dawert ca. 20 Minuten. Hier benotigen die Lernenden das Applet
Von wo bekomme ich meine Post. Mit Hilfe von Streckensymmetralen sollen jene
Bereiche konstruiert werden, die jedem Postamt am nachsten liegen.

g

\ f

[ 2

Lbbildung 1: Von wo bekomme ich meine Post?

Hazben die Lernenden diese Aufgabe peschafft, wird der Begriff Voronoi-
Diagramm eingefihrt.

Definition [Voronoi-Diagramm}: Die Voronci-Region eines Ortes P — oft auch
Zentrum genannt — ist die Menge aller Punkte der Ebene, die P ndher fiegen als
jedem anderen Ovt. Die Menge aller Voronoi-Regionen, heifit Voronoi-
Diggrarmm.

Beispiel 1: Voronoi-Dizgramm fiir 2 vorgegebene Punkte.

Fir 2 Punkte P und @ besteht das Voronoi-Diagramm aus zwei Voronoi-
Regionen, deren gemeinsamer Rand die Streckensymmetrale der Strecke P ist.

Fiir jeden Punkt der Region mit Zentrum P {grau gefarbter Bereich) gilt, dass der
Abstand zu P kleiner ist als der Abstand zu Punkt 3.

99
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MatemaTech

9. Obsah alkoholu v krvi

Uvod

Mnoho nactiletych ve veku 15-16 let ziskava novou zkusenost z prvniho setkani
5 alkoholem v jejich Zvoté. Proto maji Z&ci v tomto véku motivac, aby se
tématem alkoholu blize zabyvali | bEhem hodiny matematiky.

Matematika pfes hranice

Zakladni informace o materidlu

[wytvoreno v programu GeoGebra)

[2] Alcohol zlert, Hinek,

http:/ /pubs nimaa.nih.gov/publications/3a35 htm

Doplfujic informace:

[3] hitp:/f fwwrw. mayomedicallaboratonies.comartides, drug-
book,alcokol. hitmi

[4] http:ffen wikipedia.org/wiki/Blood_alcohol_concentration

Autor Andreas Kiener, BRG Hamerlingstralie
andreas_kiener@ph-ooe at

VEk ki 15-16 let

Casovd dotace | 3—4 wulovad hediny

Pozadavky jeden poditat na kazdého zaka a Zakyni

na techniku

Odkazy [1] Pracowni list: hitp://www_gecgebratube org/student,/m45913

9.1. Vzdélavaci cile

Pfi hledani odpovidi ma otazky  Jakym zpischem se zjisfuje obsah alkoholu
v knvi? 2 Jak ke oviivnit obsah alkoholu? Zac poznaji a vyuZiji jak modely
linearnihe a exponencialniho ristu a poklesu, tak i modely logistického
a omezensho ristu a poklesw. Vsledky analyzy redlmych dat pomod GeoGebry
je pfvedou k objasnéni mytl a polopravd o pribéhu koncentrace alkoholu v krvi
{amgl. zkratka BAC, Blood Alcohol Concentration — pozn. prekl).

9.2. Potiebné znalosti Zaki
porozuméni priabEhu linedmi a exponenciiini funkoe

0.3. Popis lekce
VW dostupné literatufe o pribéhu koncentrace alkoholu v krvi se nejprve rychle
seznamime s informacemi o Widmarkové metodé, ktera s= pouZiva k odhadu

51

MatemaTech Mathematik ilber Grenzen

T L

v e se 1

9. Blutalkoholgehalt

Einfiihrung

Alliohol ist fir viele Teenager im Alter von 15 -16 Jahren eine neue Erfahrung in
ihrem Leben. Deshalb ist bei den Schillern und Schiillerinnen in dieser Altersstufe
die Motivation vorhanden, sich auch im Mathematikunterricht mit diesem
Thema genauer auseinanderzusetzen.

Kurzinformation

Autor Andreas Kiener, BRG Hamerlingstrafie
andreas. kiener@ph-ooe.at

Alter der 15-16 lahre

Schilerinnen

Dawer 34 Unterrichtseinheiten

Technische Pro Schiller und Schiilerin ein Computer.

\foraussetzungen

Materialien [1] Geogebra-Worksheet:
hittp://www_geozebratube org/student/m45913 (vyiwofeno
v programu GeoGebra)
[2] Daten:
hittp://pubs_niaaa.nih.gov/publications/aa35.htm
Hintergrundinformationen:
[3] http:/ farenw mayomedical laboratories.com)articles, drug-
bookfalcohol.html
[4] hitp://en wikipedia.org/wiki/Blood_alcohol_concentration

9.1. Lernziele

Die Fragestellungen ,Wie sieht die Abnahme des Blutalkoholgehalts aus?™ und
«Wie kann der Alkoholgehalt beeinflusst werden? fithren dber die Modelle des
linearen und exponentiellen Wadhstums und Zerfalls zu den Modellen des
logistischen und begrenzten Wachstums und Zerfalls. Das Ergebnis der
Untersuchungen won realen Daten mit GeolGebra ist, dass Mythen und
Halbwahrheiten iber den Verlauf des Blutalkoholgehalts (BAC) aufgekart
werden kinnen.

121




Mathematics education

Demands of different educational levels

e Basic school
— geometrical vision, calculation

e Secondary school
— abstraction, proofs



Geometrical vision

Okno_SferTr_Zelena_Hora- '%':-; "
File Edit View Options Tools Window Help

.'Av ’/v .”S‘Iv I>.v ®v ®v d‘:‘v & thv ‘_I_'v

» Algebra » Graphics

= Point

----- 5 A=(2.18,0)

i ----- 5 B=(3.88,2.02)
----- @ C=(4.21,-0.14)

— e

la=2
e
L)

| @ D=(1.44,2.94)
! ----- 9 E=(1.09, 5.49)

..... @ F=(0.86,-0.92)
= Conic
----- @ ci(x+218p2+y’=40

..... @ d:(x-4.2172+(y+0.1
..... @ e:(x-1.09) +(y-54




Geometrical vision

File Edit View Options Tools Window Help
‘i_-ﬂ /H & ;_H s_@, a.@; ‘f-v \ [Ascill =s2yl < | 9 &
» Algebra = » Graphics
= Point

0 A=(2.24,0.3)

0 B=(4.06, 1.52)
@ F=(-0.46, 5.02)

= Polygon

- mnohothelnik1 =
= Pentagon

@ mnohothelnik1' =
% mnohouhelnik1’, :
= Line

~@ 0:-2.11X - 0.6y = -

-0.98

..... P U= |'lr |
. 3¢ 4




Geometrical vision

& v s N = =

Soubc Uprav Zobraz Nastave Néstroj Okni Ndpovéc  Pfihldsit...

BN R EEN

Lk

ABC
|

H

-
.'

o D

Vslup:: -

9 | Edward Weston, Shell, 1927




Geometrical vision

Soubor Upravwy Zobrazit Nastaveni Néstroje Okno Napovéda Pfihlasit. ..

‘ ' A | Ukazovatk &)
® g /-; #‘_ I;\" ‘Qv g ﬁ' @ é?'.v -\.v ABC H CQDv F'?eszf:iel?ovg‘fbérobjektﬂ(zruéitklévesnu Esc) a &

W ) )

¥ Algebraické okno ¥ Makresna ¥ Graficky nahled 3D
-

O =10, J]
E=(0,0,4.15)
F=(4,0,4.15)
G=1(4,5,4.15) #
H=(0,5,4.15) -
I={0,0,0)
J={4,0,0)
K=(4,5,0)

L={0, 5, 0)
M =(0,-2.54, 3.28)
N=(4,-2.54, 3.28)
0 =(6.54, 0, 3.28)
P=(6.54, 5, 3.28)
Q=(4,7.54,3.28)
R=(0,7.54, 3.28)
5=(-2.54,5, 3.28)
T=(-2.54,0, 3.28)
U=(4,-1.3,812)
# V=1(0,-13,812)
= Hranal
e oe=8301
= sit
@ g =11471

~

hranalAE =4.15
- @ _hranaBF =4.15

;stup:|




Perimeter vs diamete

r

File Edit View Options Tools Window Help Signin...
DR Bl P N S 0o
» Graphics ~ Spreadsheet
K8 1 EEE =~ |
30 g= 10 5| A ‘.u B
53 (61 19.16 ~
54 (6.2 19.47
251 55 (6.3 19.79
56 (6.4 201
57 65 2041 -
201 58 67  21.04
59 (6.8 21.36
- 60 (6.9 21.67
8 61 |7 21.98
I 62 (71 22.3
10 63 7.2 22.61
3141 84 (7.3 22.93
'M 65 (7.4 23.24
5 66 |76 23.87
a:y=3.14x 67 (7.7 24.18
. 68 (7.8 245
JE 5 10 15 20 25 30 e f’l_ 25'13» <
Input:

I B B = B B . . W W W

=




Pantograph




Pantograph

Create a model of pantograph. What is a
principal of this tool?

©F Pantograf-zmenseni-domecekggh e =
File Edit View Optlons Tools Window Help Sign in... |
[l NEEE o




Pantograph
Repair the wrong pantograph

‘ File Edit View Options Tools Window Help

5|5 [c)ls) PN EFEIES

“H- @)
=048
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Poncelet — Brianchon problem

To determine the locus of the intersection of the altitudes
of all the triangles that can be inscribed in a right-angle
(equilateral) hyperbola

[ 'oncelet: Bnanchon%rbolaP lem
Soubor Upravy Zobrazit Nastaveni Nastroje Okno Napovéda

» CAS & | » Naki
Pr=(xy)
5
- P:=(xy)
vK:=SkalarniSoucin[P-K L-M]=0
6] VK - Kem? —KP2m—kfm’x+kmx—klytkmyt£—m e
’ kfm B
vL:=SkalarniSoucin[P-L,K-M]=0
7 . L kKeeEm —KE2m—kfm’x+kfmx—kéy+fmy+k—m —0
’ k£m -
vM:=SkalarniSoucin[P-M,L-K]=0
8] WM- —kC2m 4+ REm k2 mx—kEmx+kmy—£my—k+ ¢ —o
’ kfm -
Prusecik[vi vL]
° 1
O = - — =k ¥
{vemsem)]
Prusecik[vi,vM]
10 1
1 meeem)




Regiomontanus’ problem

At what distance from the foot does the statue appear
highest?

Johannes Miiller (Regiomontanus), 1471
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Regiomontanus’ problem

¥ Regiomontanus_l.ggb
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Regiomontanus’ problem

[ ¥ Regiomontanus_DoTab.ggh @Elﬂ—hr
Soubor Upravy Zobrazit MNastaveni Nastroje Okno Napovéda Pfihlasit. ..
[5] AL D OO LN & 5

] 3 7"’#'-#7*’7 3 7 ) | AN S k) ? R
b Makresna ~ Tabulka
AR AIENEREl =R
; A | B
1 |f i >
2 0.0z 223 |=
3 0.04 s45° | 1
4 0.04 4. 45° ]
&) 0.06 6.65° i
B n.08 8.81° :
7 0.1 10.92° <]I
8 0.12 12.98° _
9 014 14.98°
10 0.16 16.91°
11 0.18 18.76°
12 0.2 20.54° ]
13 0.22 2223 i
g 14 024 23.84°
15 0.26 25.37°
16 0.28 26.81°
17 0.3 2817° =
“ P
Vstup: (1)




Regiomontanus’ problem

. ' RegiomontanusCAS3.ggb

Soubor Upravy Zobrazit Nastaveni Nastroje Okno MNapovéda

.
.-"'""FF_'

"

| >=
-
i

kAL o] [ ZA NI B8 B

ABC
7

T i

rovnice:=(s+p-c)/x=(tg(@)+(p-c)/x)/(1-ta(e)*(p-c)/x)

3406666666666677  5000000000000000 x tg () + 7033333333333363
1000000000000000 x ~ 5000000000000000 x — 7033333333333363 tg (¢)

- rovnice :

res:=Reseni[rovnice,g]

10000000000000022000000000000000 x

- res = {kq 1r-|—atan(

)}

5000000000000000000000000000000 x? 4 23960222222222395964444444444751
r(x):=Prvek[Posledni[Prvekires,1]],1]
10000000000000022000000000000000 x

5000000000000000000000000000000 x* 4 23960222222222395964444444444751 )

=+ rfx) 1= atan(

NReseni[Derivace[r(x)]=0,x]
- {—2.19,2.19}
iK1 |

* Nakresna

101

Vstl.p:|
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