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T1-92 programsin Maths lessons

At first sight one sees that the TI-92 has a large number of built-in commands.
The application number 7 : Program Editor does not seem to be very necessary.
With time there are many good reasons for teachers and pupils to use the
program-editor. | was compelled by my gifted pupils to use the program-editor.
They made programs to do easy homework and tests. The untalented pupils used
these programs without understanding the mathematical background. So | began
to instruct al my pupils in learning programming with the TI1-92. Today in my
opinion there are five different possibilties to use T1-92 programsin lessons:

1) Transformation of small mathematical problemsto
small programs.

Even if pupils are able to solve a problem without the T1-92, it is not easy for
them to make a program to solve this problem. The finding of an algorithm or
only special cases ( for example the division by Zero) or syntax errors are
often insuperable difficulties. Programs of this type should be small. In most
Instances it is not necessary to use complex commands such as the command
to create adialog box. The advantage of small programs is that an example of
atest can be to create a such small program.

Now look at the following example. The parametric equation of a line
(vector-equation) should be transformed into a linear equation.

_ 030 050

O X =H 45 45

The coefficients a und b of the linear equation ax + by = c are the

coordinates of the vector g% which is normal to the vector Ei% Therefore
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the linear equation has the form 4x + 5y = c. The constant term ¢ can be

calculated by substitute x and y by the coordinates of the Point %32 %f o)

A simple possibility of solving this problem in a program is to use the
coordinates of the point and the vector as parameters of the call of the
program:

program(3,-2,5,-4)

But pupils will use this program for the application at the homescreen and
therefore it is more comfortable to use the whole equation g as parameter:

program(g)
Now the problem arises to calculate the coordinates of the point P = Eg;% and

the vector 1 = Ei%of the equation x =P +t¥ and not only to seethe values.

A deeper understanding of the importance of the parameter t in the equation g
Is necessary. Also the command:right, the with operator and the grip to the
coordinates of avector (matrix) must be used.

Here you can see the code of this program.

Fzw [ Few|Fa™ Fov
F {—lﬂﬂhtr‘ﬂl I-0ar F1r'u:| . [Mode
sugeptht ig

=Eunc1
iLoca . d =
=trlghttgii 175it210- frightigll, 110 14=@s

=iﬁlghtig[2 112 1t=12=CrightcalZ, 112 1t=0&)

*ry
=Plghtig[1 112 t=0+px
irightigl2, 1121 t=0+py
Uk ks gRkpr -k py g
tEndFunc

VEETOFR KA AUTO FAE

Thomas Himmelbauer 2



T1-92 programs in Maths lessons

ACDCA Summer Academy Gosing 1999

It isasmall program for asmall problem. But itisnot trivial. Itisanice

example for a Test. Such programs are a possibility of teaching all pupilsto
program with the T1-92.
The following picture shows you an example how to use this program.

VEETOFR

(A1 aebra|core|ot hor [FramIo|c e Us| |
NERT [3 '
| - 2] “2]
J5 1s [5 :
| -4] -4
I-K:I=|:-+‘|'_.-r'“-:l-g I::‘{=5'+.-+3-
Y =4t -2

= ;JwgepFnFlig:l

vugepfnf (g2

KAD AUTO FAE 420

4-x—-o-y= -2

2.Working with modules.

Analytic Geometry is a big part of the Austrian curriculum. But there are only
four built in commands for analytic geometry in the T1-92: norm, dotP, crossP
and unitV. Therefore | developed many programs which allow to split up
complex problems of analytic geometry into simple modules.

Such modules are for instance: point of intersection of two lines

point of intersection of aline and a plane
Intersection of two planes

Intersection of acircleand aline
eguation of atangent lineto acircle
equation of the perpendicular bisector
eguation of the angle bisector and so on

These modules are not used as black boxes by the pupils. During the lessons
pupils learn to program these modules step by step as shown in section 1.
Now let us show an example: The vertices of atriangle are given.
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A= %E B= Ei%and C= gg% The point of Gergonne ( The lines containing a

vertex of a triangle and the point of tangency of the opposite side with the
inscribed circle are concurrent) should be calcul ated.

Point of Gergonne

At first the coordinates of the vertices are stored.

Fev |_Fw T Fu* T FE* [FE™| Fr™

|Ue- ki |Gera|Eben|Kreis|lLage |Ue- kiGr F'1:=-:Er*

. [ 1] 4 [1'
[ 1 1]

. 12] ik [12
[ 12 12

. [ 5 ] 4 e [5 |
| 29 29

[5:22]c

VEKTOR RAD AUTO FRE__ 3/30
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Then we calculate the angle bisector angbia of the angle a and angbif3 of the

angle (3 with the module winsypkt(). This module constructs the equation of
the angle bisector.

Few | Fiv For FE* TFE*T] Frow
E-'E' kt Eer*a Eben|kreis|Lage |Ue- kiGr F'1:=-:Er*
[1z]
-[5 ]*c 2]
29 29
==t +1
"y ktic,a.by s bi
winsypktic, a, b))+ arngbia ['=I=2't+ 1
w=12-5-1]7
CAE ktia.b, * bik
winsypktia )+ argbi ['=I=t+ 12
UinSvyPkt<a, . b,.c>*angbhip
VEKTOF RAD ALTO FAR  E/=0

Now we get the midpoint incimd of the inscribed circle as intersection point
of the two angle bisectors with the module sngeger2(). This module calculates
the intersection point of two lines. The radius r of the inscribed circle is the
distance from the midpoint to one side of the triangle. The module abspktge()
calculates the distance of a point to aline. The equation of the inscribed circle
eqci is calculated with the module krmpktra()

Fev |_Fw T Fu* T FE* [FE™| Fr™
|Ue- ki |Gera|Eben|Kreis|lLage |Ue- kiGr F'1:=-:Er*

[}::—12 2t
g=t + 12

B yinsgpktia, b, c)+ angbik
=
13
B ghspktgelincind, gezwpktia, b)) + -]z
B krmpkbralincind, r) + egci

%€ —14-% +ys —26-y+ 200 =0

krmpktraincimd,»?*eqci

VEETOFR KAD AUTO FAE __ Bs/Z0

B chgegerZiangbio, anghik) + incimd [

The points of tangency tab, tac, thc of the inscribed circle with the sides of the
triangleis calculated by the module sngekr(), which calculates the intersection
points of alineand acircle.
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Fiv [ Fzw T_F3* | F4* | FE™ TFG™] Fre™ FET
|Uekt Gera|Eben|kreis|lage| N |UekEr‘ P1ixGr |

B ghspktgelincimd, gezwpktia, B + R e
B krmpkbralincimd, )+ egci

M€ = 1d-w+yc - 6.y + 200 =0

® =hgekr{gezwpktla, b), eqcil + tab “3]

" zngekrigezwpktia, o), eqci) + tac [14f5]
o 655

SnGeKr{GeZwPkt<h.c).eqci>*tab

VEETOFR KAD AUTO FAE 1020

Fiv | Fe* | Fov Fuw FE* TFE*T] Frow —FET
|Ue- ki |Gera|Eben|Kreis|lage| N |Ue- kiGr |P 1 xlGe
B chgekrlgezupktia, b, eqcil + Labkb I;
B chgekrlgezupktia, cl, eqoil + Lac [14;5:
TR 655 ]
1427
13
B chgekrlgezupktib, ci, eqocil + Lho 190
13 |
SnGeKr{GeZwPkt<{b.,.c?,.eqci)*thc

VEETOFR EAD AUTO FAk _1i/z0

With the module gezwpkt() we construct the equations la, |b and Ic of the
lines containing a vertex and the point of tangency of the opposite side.

Fiv | Fe* | Fov Fuw FE* TFE*T] Frow —FET
|Ue- ki |Gera|Eben|Kreis|lage| N |Ue- kiGr |P 1 xlGe
13
B chgekrlgezupktib, ci, eqocil + Lho 190
13 |
w=10-5-1
n ktitah, +1
gezupktitakb, o) C [g=1'5'-t+1El_

®gezupktitac, b)Y+ 1k

GeZuPkt<tac . h)*1h

VEETOFR KAD AUTO FAE 1420

[}::= 14-53 = 2317
g=4d- -t + 6832 |
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Fewr | _Fzw Fyw FEw
|Ue- ki |Gera|Eben|Kreis|lLage

Fr= FE*

®gezupktitab, c)+ 1c

®gezupktitac, b)Y+ 1k

FBr
A |UekBr|FisxEr

|

gy=19-t + 10}
¥ =140 - 2301
g=4- -t + 832 ]

x =434 + LA
B gerypktithc, a3l + 13 190
u=59 4+ |
GeZuwPkt<{thc.a>*la
YEETOE EAD AUTO FAE 14/Z0

The point of Gergonne is the result of the

intersection of the lines la and Ib.

Calculated with the module sngeger2(). At last we test with the module
pktgerad if the line |c is containing the point of Gergonne.

Fzr Fzw Fyw FEw
E-'E' kt.|Gera|lEben HPElE. Lage

FEv| Fre
n |UekEr‘ F'1:=-:Er*

AL R L LD, 0T

B pltgeradiger-gonne, 1c)

YEETOR FAD AUTO

B chgegerZila, 1k} + gergonne

"Liegt auf der Geraden."

PktGerad<gergonne.lc

_cq.y 4 190
=594+

13E0E T
139

1732
139 |

FARE _1B6/30
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3) llustration and demonstration of mathematical findings

3.1) Interactive representation of the derivative

For this program you must use the display of the TI-92 in upright position.
The display is bisected. In the upper part the graph of a user defined
function and the tangent line at the lower bound of the display is shown. By

E FUHETION 4 E E FUHETION 4 E

: Td : T:
= =
Ly Ly

- Tl - Tl

8 8

q = 1 q = 1

4 = . 4 = .
= =

=l e A =3

= [T = [T
& o & o
= A = A
= % = %

=7 =7
1] 1]
= =

I.AELEITUHG = I.AELEITUHG =

11 11

- '.'"".:I - -_‘"","1

z B z B
L = L =

o o
1] 1]

11 4 z 11 4 z

" =J " =J

using OO the point, where the tangent line is drawn, moves to the right. In
the lower part of the display the slope of the tangent line is drawn. So step
by step the Graph of the first derivative of the function is generated. By
using (O thelenght of strideis greater.
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Z=| FURETION e Z=| FURETION e
- -
- -
= Td = Td
LN ] LN ]
27 g
1 1 1 g
1 £l 1 £l
= w B = w o
& 0 o 3]
= L = L
) )
a ) a )
by by
s I
o o
2 2
I.AELEITUNG = I.AELEITUNG =
w7 w7
= ] = <y
z E z E
- ?"1 - ?"'
wy wy
1 q e 1 q e
" =d " =d

With this program pupils can explore the connection between the function
and its derivative (zero, maximum point, minimum point, point of
inflection...) without knowing about quotient of differences or derivative
formulas. For polynomial functions they can reaize the connection
between the degree of the function and the degree of the derivative.

3.2) Control of the knowledge about the connection between a
function and itsderivative

Also for this programm you must use the display of the TI-92 in upright
position. The display is bisected. By random numbers a function is selected
from alibrary of fifty functions and its graph is displayed in the upper part
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of the display. In the lower part of the display the graphs of three different
functions are drawn. The pupils should see which of the graphs s the graph
of the derivative of the function above. The program calls pupils to answer
and control their answers.

E FUHETION
E 1w _Few | F® Yy FEw |_FEw |[F7
E = |Zoom|Trace [ReGraph|Math|Drau] - ff
l —
E Ankuwart e
4

Oie 1. Ableitung
izt Em

ezl fml asLchen [f——
. Ente Simit Kreuzen EL:

7

TYFE OR USE €314 + [ENTERI=OK AMD [ESCI=CAMCEL

£d

IT

L.ABL

O0lny ©3q

1=

hd

1 Few |_F= Yy FEw |_FEw |[F7
- E Zoom|Trace|ReGraph|Math|Draw| ff

la{\'ﬁ

LEE|

Eontrells

Richtig
Auswahl

JHNd

1:Hachste Autgabe

: —7
z K—_—EEF—-”H

TYFE OR USE €314 + [ENTERI=OK AMD [ESCI=CAMCEL

04

:

:Jmeququeulqdquaalaﬂeqllwaazlﬂ;ﬂ

2

&

3.3) Connection between function, first derivative and second
derivative

For this program you must use the display of the the TI-92 in upright
position. The display is divided into three parts. At the top the graph of a
user defined function is drawn. In the middle part the first derivative is
drawn and in the lowest part the second derivative is displayed.
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To show the connection between the maxima (minima) points of the
function and the zeros of the first derivative and the points of inflection of
the function and the zeros of the second derivative dotted lines are drawn.
Such a picture is often seen in books about calculus. But the program gives
us the possibility of showing the connection for many different functions.
Pupils can test their knowledge by different functions. During the lesson
many pupils get the chance to try to interpret such a picture.

FUHETION

HENTAAEMA

OLnH 531

JHN4

2 U i P W7 =

04 | a3

M

Al

&

)
N
| &

l
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3.4) Value, slope and curvatur of a function

The display is bisected. On the right side there are drawn the
graphs of two polynomials of third degree of the form
f(x) = x* +ax* +bx+c. Therefore they are determined by the value of
function (Funktionswert), the value of first derivative (slope =
Anstieg) and the value of the second derivative (Krimmung =
Curvature). The function with the thick graph is generated by
random numbers. In the left part of the display there are buttons
with which one can change the values of function, slope and
curvature of the function with the thin graph.

F {—lEF-:-EJN Tr*ai:e EeEr‘aph Fag’r:h D:-*E;wr Fj?l |

Funktionswerti E

L0 10O

Anstieg: /
LO 1O //_/i—/

KrCmmang: @
LEHOTO

EURYDIZE DEG AUTO FUML | ELzY ]

Pupils should vary the value of function, slope and curvature as long as the
two graphs are identical with each user.
At first one should reach the equal value of function at xo.

I‘Fi T rzv]’ Fz ]’ Yy T FETT FE™ TF? ]’ ] I‘Fi T rzv]’ Fz ]’ Yy T FETT FE™ TF? ]’ ]
- E Zoom|Trace|ReGraph|Math|Draw| ff - E Zoom|Trace|ReGraph|Math|Draw| ff
Funktionswert: -1 L Funktionswert: -2 L
LB O LB O
Anstieg: O / Anstieg: O d
[a] [g]
L0 tO X L0 tO a7
Erdrmung: @ /— Erdrmung: @
1O o . 1O o ’
EURNDIZE TEG AOTO FUHE | ELsY | EURNDIZE TEG AOTO FUHE | ELsY |
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Then one should reach the equal slope at xO.

Fzw
- {— 200 Tr‘-ace ReGPaph I“Iath I:Ir*aw - ff
Funktionswert: -2 B
LB O
Anstieg: O &
[g]
L0 tO a7
Erdrmung: @
EURNDIZE TEG AOTO FUHE | ELsY |

Fzw

- {— 200 Tr‘-ace ReGPaph I“Iath I:Ir*aw -

¥

Funktionswert: -2

0O 10
Anstieg: 2
LO TH

Erdrmung: @

3

/

aa]

——

KURVDIZE DEG AUTO

FUNC

LEv: |

At last one should reach equal curvature at x0.

- {— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff

Funktionswert: -2

L0 0O

Anstieg: 2

L0O t0O

Erdrmung: -4

LH O

3

ae)
"

EURYDIZE DEG AUTO

FUNC

LEv:Y |

- {— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff

Funktionswert: -2

L0 0O

Anstieg: 2

3

L0O t0O

Erdrmung: -3

LH O

aa]

EURYDIZE DEG AUTO

FUNC

Uz El

The program counts the tries and shows the minimal number of tries.

E =
Ml I:I:-z Tund

Anpassung richtig durchaefihrt.

Minimale Anzahl an
Leranderungent 2

Durchaetihrte Anzahl an

LVerdanderungen: : |7

Auswahl

nidchste Aufgabe+

Enter=0K ESC=CANCEL
LT U

TYFE + [EMTERI=0K AMD [EZCI=CAMCEL

This program is good exercise for pupils to distinguish between the value
of function, sope and curvature. Also it isagood training to see the sign of
slope and curvature.

Thomas Himmel bauer
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3.5) Fundamental Theorem of Calculus

The first program of this section should show the properties of the definite
integral of a function f taken from fixed lower bound a to variable upper
bound x. For this program you must use the display of the TI-92 again in
upright position. The display is bisected. In the lower part the graph of a
user defined function is drawn. By using (® beginning at the lower end of
the displayed interval step by step the area between the function and the x

axis is shaded and the value of this area (}f ) isdrawn in the upper part of

the display as function of x. So pupils can study the properties of the
definite integral without knowing anything about limit or Riemann sums.

)

T

)

T

INTEGRAL INTEGRAL

HEINEMA
D,

HEINEMA
D,

L |
L |

I A

£d
£d

O0lny ©3q
O0lny ©3q

FUQKTION FUQKTION

LEE|
LEE|

JHNd
JHNd

04

mequlqqeulquf?aala:ueqllwc-cuzl
NE'dlillH’+EH|H'C|E'=JEIEH|5:'E'=4J.|NC'C'E|
hd

04

3
3

2
2

&
&
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If pupils know the properties of derivative very well , they will see
Fundamental Theorem of Calulus.

| INTEGRAL i | INTEGRAL i
: Td : Td
i i
3 oy oy
3 = 1 5 =
= =
= Y = Y
& o & o
= o) = o)
= D = D
=7 =7
o o
ks ks
FUNETION = FUNETION =
w.a w.a
u e u e
x — x —
4 w 'y 4 w 'y
z z
1' ] 1' I ]

Also the following interpretation is very informative. A zero of the function

causes a change of sign of the area and therefore the integral function I f

has a maximum or minimum point at this x-value. A maximum or
minimum point of the function causes a decrease of the growing (or

reducing) of the integral function }f and there the integral function }f has

at this x-value a point of inflection.
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The next program shows a possibility of proving the Fundametal Theorem
of Calculusin avery instructive way.

Fzw

FLw Fa*

- {— 200 Tr‘-ace ReGPaph Math I:Ir*aw - ff

-

Eindabs

~

Ent.er=0K

Funktion: [Cx—ddCx+1acx+dn
stickuweize linear hnein+
Teilungszahl: |5

|
ESC=CANCEL

HAUFT DEG AUTO

FUNC

At first the program asks for the input of a function. We use a polynomial
of third degree. At first we pay no attention to the other two points of the
diadog box. The display is divided into four parts. On the left side in the
upper part the graph of our function is shifted so that the vaue of the
function on the left side of the displayed interva is zero. Also the tangent
line on the left side of the displayed interval is drawn. On the right side in
the lower part the graph of the derivative of our function is displayed.

r {—Tz

Fzw

FE

- Fa™

(lu]l! Tr*ace EeEr*aph Mat.h IIIr*aL-uTF ﬁ?T

|

HAUFT

DEG AUTO

FUMC

Thomas Himmel bauer
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By using O in the left part of the display the point where the tangent lineis
drawn moves to the right and in the lower part the graph of the derivative
arises step by step. In the right part the area between the derivative and the

ACDCA Summer Academy Gosing 1999

x axisis shaded and in the upper part the graph of the integral function }f

arises step by step.
|'F {—TEFDEJN Tr*ace EeEr*aph HFaE’r:h D:*E;wr ﬁ?T ]

>

HALFT DEG AUTO FUML | ELEY |
|'F {—TEFDEJN Tr*ace EeEr*aph HFaE’r:h D:*E;wr ﬁ?T ]

HAUFT

DEG AUTO FUMC

So pupils are able to see the inverse character of differentiation and

integration.

Thomas Himmel bauer
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Now the pupil should understand the connection between the calulation of
the slope and the calculation of the area between the function and the x

axis.

We start the program again and use a linear function. Again we pay no
attention to the other two points of the dialog box.

Fzw

¥

- {— 200 Tr‘-ace ReGPaph I“Iath I:Ir*aw -
|

-

Eindabs

~

Funktion: [3:
Teilungszahl
Ent.er=0K

stickuweize linear hnein+
HE =]

|
ESC=CANCEL

HAUFT

DEG AUTO

FUNC

Fewr

F {—lE-:u:-m Tr*ai:e EeEr‘aph Mathk|0raw

FEr Far

AN

_-.--"'"-F.d_._.-

_.~—"'"'~_r.ﬁd

_wPf*_FFrd__f

HAUFT DEG AUTO

FUMWC

For a linear function the Fundamental Theory of Calculus is obvious. The
derivative of a linear function is a constant function whose value is the
slope of the linear function . The area between a constant function and the x
axis grows linear with the slope equal to the constant value of the function.

Now we start our program again and use the polynomial of third degree

again.

Thomas Himmel bauer

Fzw

¥

- {— 200 Tr‘-ace ReGPaph I“Iath I:Ir*aw -
|

-

Eindabs

~

Funktion: [Cx—ddCx+1acx+dn |

Ent.er=0K

stickuweize linear ja+
Teilungszahl: |4

ESC=CAHCEL

j

HAUFT

DEG AUTO

FUNC
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But now we use the other two points of the dialog box. We divide the
displayed interval into four parts and replace the function by a piecewise

ACDCA Summer Academy Gosing 1999

linear function and the derivative by a piecewise constant function.

It is obvious, that Fundamental Theorem of Calculusis aso correct for that

function.

Now we start the program again and divide the interval into twenty parts.

It is obvious that Fundamental Theorem of Calculusis aso correct for that

- {— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff - {— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff
— 1 | == Yo [T
HAUFT TEG AOTO FUHE | ELEY | HAUFT TEG AOTO FUHE | ELEY |

e

Fr

FEr

oo Tr*ai:e EeEr‘aph Math D:-*E;wr F"l?l |

seaal

—

...

et

HAUFT

DEG AUTO

FUMWC

function.
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Then we divide into forty parts.

[FviE :EF-:-EJN Tr*ai:eTEeEr*aphTHFaE’r:h D:*E;wr ﬁ?T ]

HAUFT DEG AUTO FUNC | Bl

It is also obvious that Fundamental Theorem of Calculus is correct for that
function. But the pupil sees that our polynomial of third degree can be
replaced by a piecewise linear function as exactly one will.

This proof is not exact because it does not use e and so on but it is obvious
and that is important for pupils.

3.7) Conic sections

Conic sections are formed by intersection of a right circular double cone
and a plane. Pupils often cannot visualize the intersection of a cone and a
plane. This program shows a 3D-Graph of such an intersection. Pupils can
modify position and form of the cone. The plane is the xy-plane. The axis
of the cone is an element of the yz-plane. Also the equation of the conic
section is calculated. After starting the program we must fix radius
(Kegelradius) and the altitude (Kegelhthe) of the cone at first. Then we
must fix the angle between the axis of the cone and the xy-plane
(Kegelneilgung) and the z-intercept of the axis (Kegelposition).
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I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ]
- E Zoom|Trace ReGr‘aph}_gath Ot-aw|+ ff
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EinsteTlundsn

Kegelradius: H
Kegelhihe! [E
kegelneigunat [m-2
kegelposition: (2

TYFE + [EMTERI=OK AMD [ESZCI=CAMCEL

it

Fzw

Fz Fy FEwr FBr

aom|Trace EeEr*athath Draw]t? ﬁ?T ]

KEG

FAD AUTO FUMC

There are many possibilties of modifying the picture.

By pressing key | or shift| we can shift between afigure with or without

the cone.

I‘Ei Trzv]’r; T Yy Trsv]’rsv]ﬁ' T ]
- E Zoom|Trace|ReGraph|Math|Draw| ff
= F

I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ]
- E Zoom|Trace|ReGraph|Math|Draw| ff

KEG RAD

FUHE | ELsY | EEG FAD_AOTO
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By pressing key g or key k we can make the viewing window larger or
smaller.

I‘Ei T Fzw T Fz T Yy T FEw T FE™ TE? T ] 1 Few |_F= Yy FEw |_FEw |[F7
- E Zoom|Trace|ReGraph|Math|Draw| ff - E Zoom|Trace|ReGraph|Math|Draw| ff
= F

EEG FAD_AOTO FUHE | ELsY | EEG FAD_AOTO FUHE | ELsY |

By pressing key w or shift w we can make the size of the representation of
the xy-plane larger or smaller.

I‘Fi T rzv]’ E T 4 T FSTT FE™ TF? T ] I‘Fi T rzv]’ E T 4 T FSTT FE™ TF? T ]
- ﬂ Zoom|Trace|Rebraph[Math|Draw|- - ﬂ Zoom|Trace|Rebraph[Math|Draw|-

KEG L ELL:Y ] KEG

By pressing key x or y we can shift between the 3D-Graph and the Graph
of the xy-plane with the conic section and its egation.

1 Fzr Fx FY FE* FE™ |FF 1" |_Fzr Fz Fu FE* F&* |F7
- E Zoom|Trace |ReGraph|Math|Draw |- ﬁf w fm [Zom [Trace |ReGraph [Math|Draw |«
=h2ryt2=]1 K’_/

By | FEG FAD_AOTO FUHE =

KEG

Now a short survey about al the other possiblities of intersection of a cone
and a plane:

Thomas Himmel bauer 22



T1-92 programs in Maths lessons

ACDCA Summer Academy Gosing 1999

Hyperbola: The angle between the plane and the axis of the coneis smaller
than the angle between an element of the cone and the axis, and the vertex

of the coneis not a point of the plane.

For example the axis of the coneis paralel to the plane.

I‘Fi Trzv]’rs T 4 Trsv]’rsv]‘?? T ]
- ﬂ Zoom|Trace|Rebraph[Math|Draw|-

I‘Fi Trzv]’rs T 4 Trsv]’rsv]‘?? T ]
- ﬂ Zoom|Trace|Rebraph[Math|Draw|-

r EinsteTlunden

~

Kegelradius:

kegelhshe: (3

Keaelneiguna: [B_

Kegelposition: [E

Ent.er=0K

ESC=CHHCEL

3

g

=%

2-36, *HAZE..:;;:'\.‘
‘|

-
TVFE + [EMTERI=OK AWD [EZCI=CAMCEL

KEG

TEG AUTO FUNLC [F iUz E]

[friETEF-:EN TFEEETEE'EIE-EPHTN

Fz

Sthlorou| - & |

kKEG

DEG AUTO

Two lines: The angle between the plane and the axis of the coneis smaller
than the angle between an e ement of the cone, and the axis and the vertex
of the cone is a point of the plane. For example the axis of the coneisan

element of the plane

I‘Fi Trzv]’rs T 4 Trsv]’rsv]‘?? T ]
- ﬂ Zoom|Trace|Rebraph[Math|Draw|-

Einsts1lundsn

Kegelradius:

kegelhshe: (3

Keaslhneiguna: [

kKeaeslposition: [@

Ent.er=0K

ESC=CHHCEL

W

TYFE + [EMTERI=0K AMD [EZCI=CAMCEL
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[FviETEF-:Em Trf;i:e Eelﬁriaph HFaE’r:h D:*E;w]t? ﬁ?T ]

EEG DEG AUTO FUMNT | Bl

One line: The plane contacts the cone

I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ] I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ]
- E Zoom|Trace|ReGraph|Math|Draw| ff - E Zoom|Trace|ReGraph|Math|Draw| ff

EinsteTlundsn

Kegelradius:

kegelhshe: (2

kegelneiguna: [tantcid-42
1

kegelposition: (@

Ent.er=0K ESC=CAHCEL
==
TYFE + [ENTERI=OK AMD [E3CIZCANCEL ({3 TEG ANTO FONL JFiUzE

Fim | Few | Fx . F4 “FEw | F&* TFr "
v f |Z0om | Trace |[ReGraph|Math|Draw| = ﬁ?

EEG DEG AUTO FUNC | Bl
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A parabola: The planeis paralel to an element of the cone

I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ] I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ]
- E Zoom|Trace|ReGraph|Math|Draw| - E Zoom|Trace|ReGraph|Math|Draw|

EinsteTlundsn

Kegelradius:

kegelhshe: (2

kegelneiguna: [tantcid-42
T

kegelposition: (2

Ert.er=0K ESC=CAHMCEL
y=-3.E '1*>c:“‘2—6‘. -1
TYFE + [ENTERI=OF, AND [ESCI=CANCEL KEG TEG AUTO FUNC TS,

"

[FviETEF-:Em Trf;i:eTEeE-t-riaphTHFaE’r:h D:*E;w]t? ﬁ?T

EEG DEG AUTO FUNT | Bl

A circle: The axis of the coneis perpendicular to the plane and the vertex is
not a point of the plane.

I‘Fi T rzv]’ Fz ]’ Yy T rsv]’ FE™ TF? ]’ ] 1 Few |_F= Yy FEw |_FEw |[F7
- E Zoom|Trace Regr*aph Math|Oraw]|- ff - E Zoom|Trace|ReGraph|Math|Draw| ff

Einste1Tundsn
Kegelradius:
kegelhshe: (2
kegelneigunat [m-2 K

kegelposition: [&
Ert.er=0K ESC=CAHMCEL

w2yt Z=2

TYFE + [ENTERI=OK AND [ESCI=CAMCEL EEG FAD_AOTO FUHE TH:
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|'F {—TEFDEJN Tr*ace EeEr*aph HFaE’r:h D:*E;wr? ﬁ?T ]

KEG EAD ALTO

FUMNC | Bl

An dllipse: The angle between the plane and the axis of the coneist bigger
than the angle between an element of the cone and the axis, and the vertex

Isnot a point of the plane.

|‘F T ]’ ]’ T ]’ rsv]‘? ]’ ]
- = |Zoom|Trace ReGPaph Math|Oraw]|-

- {— Zu:u:um Tr‘-ace ReGPaph I“Iath I:Ir*aw - ff

r Eunsttﬂunﬂtn

~

Kegelradius:

| Kegelhshe: |2

kegelneiguna: [m-3

Keaslposition: [4

-, CEnter=0K ESC=CAHCEL

LA

B, "2 g 2H2F P g= —6d,

TYFE + [EMTERI=0K AMD [EZCI=CAMCEL

FAD_AOTO FUHE TH:

Fzw

En:u:-m Tr*ace EeEr*aph Mat.h Elr*aw

FEwr FE"l"

/@ﬁ/\

KEG FAD AUTO

FUMC
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A point: The vertex of the cone is a point of the plane and the angle
between the plane and the axis is bigger than the angle between an element
of the cone and the axis.

via Zruzgm Trf;ce ReGFrH*aph I"Irasfh D:*Ea'wlj via Zruzgm Trf;ce ReGFrH*aph I"Irasfh D:*Ea'wlj

i § Eili'ustﬂ':uni!t:: < ™y
Kegelradius:
Kegelhihe! [
kegelneigunat [m-2
kegelposition: (@

Ert.er=0K ESC=CAHMCEL
==, y=0
TVYFE + [ENTERI=OF AND [ESCI=CANCEL KEG FAD_AUTO FUNC JFAuzH

I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ]
- E Zoom|Trace|ReGraph|Math|Draw| ff

EEG RO AOTO FUHE | ELsY |

So the teacher can demonstrate the manifold possibilities of intersection by
this program. Pupils can train their imaginative faculty. Also if thereistime
enough the pupils can try to find all possibilities by themselves. But that is
a difficult exercise. The pupils can also study the differences between the
eguations of the conic sections.

3.8) Salid of revolution

Also this program should train the imaginative faculty of pupils. Often
pupils cannot imagine the solid of revolution, which is generated by the
revolution of the graph of afunction around the x-axis.

After starting the program at first we must define our function and the
lower bound (Untergrenze) and upper bound (Obergrenze) of the interval,
for which the graph should be displayed. Then we can fix the number of the
displayed circles (Anzahl der Kreise) and the number of the sides of the
regular polygon (Anzahl der Ecken), which is displayed instead of the
circle.
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Then the graph will be displayed in the fixed interval. Lower and upper
bound are displayed and the area between the graph and the x-axis is

shaded.

I‘Fi T Fev ]’ rzv]’ T T [ T F& ]
- E Algebra(Calc|Other|FrgmlId|Clear a-z..
[l oy

I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ]
- E Zoom|Trace|ReGraph|Math|Draw| ff

Eindabs

Furnktion fixi=1 [[{25—x"23

Unterarenze: [-5

Oberarenze: G

Anzahl der Ecken 12+

Anzahl der Kreise 10+ =]

e

Enter=0kK ESC=CHHCEL
rotlC>

=]

ROTH RAD AUTO

FUNC 0./20 ROTH RAD AUTO FUNC

Uzl

The next picture shows the x-Axis, the y-axis and the graph in a 3D-

graphic.

I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ]
- E Zoom|Trace|ReGraph|Math|Draw| ff

ROTH FAD_AOTO FAE TH:

Then the program generates the solid of revolution. T1-92 must make many

Fz

|

[FviETEF-:Em Tr*ai:eTEeE-t-riaphTHFaE’r:h D:*E;w]t? ﬁ?T

KOTH

RAD AUTO FAF | Bl
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calculations for such afigure. So it takes one ore two minutes until the
picture is finished.

By pressing key g or key k we can make the viewing window larger or
smaller. This change does not take long, because al lines are made by plots
and not by the drawing functions of the TI-92.

T Fev | FE T TEw | _FE™ [FF T Fev | FE T TEw | _FE™ [FF
w o [Zom|Trace |ReGraph Math Dr*awlv w o [Zom|Trace |ReGraph Math Dr*awlv
e i ) ; Z
s vl - 4,

ROTh AN AUTO FhE L ELL:Y ] ROTh AN AUTO

Then we will show some other exampl es.
First you see the solid of revolution of alinear function: a cone.

I‘Fi T Fev ]’ Faw T T T [ T F& ] 1 Few |_F= Yy FEw |_FEw |[F7
- E Algebra(Calc|Other|FrgmlId|Clear a-z.. - E Zoom|Trace|ReGraph|Math|Draw| ff
[l oy

Eindabs

Furktion fixi=2 [x3
Unterarenze: [-5

Oberarenze: G
Anzahl der Kreise 10+
Anzahl der Ecken 12+
" =

B OTITT (m uTgl=]

rotlC>

ROTH FAD_AOTO FAE__E/=0 ROTH FAD_AOTO FUHE TH:

__mmj:lﬂmmm;

a;[

Retraph|Math|Or o= & | |

[FviElEFDEJm Trf.;i:e

ROTH RAD AUTO FAR | ELzY ]

Then you see the solid of revolution of aroot function: a parabolic surface.
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I‘Fi T Fev ]’ Faw T T T [ T F& ] 1 Few |_F= Yy FEw |_FEw |[F7
- E Algebra(Calc|Other|FrgmlId|Clear a-z.. - E Zoom|Trace|ReGraph|Math|Draw| ff
r Eindabs K
| Funktion fxr=: [[{5—x2
k
a| Untergrenze: [-5
k
o Anzahl der Kreise 10+ -
Anzahl der Ecken 12+ =
" ¢Enter=0KE ESC=CAHCEL » }=
B OTITT o oreak
rotich
EOTH EAD_AOTO FUHE G/=0 EOTH EAD_AOTO FUHE [F LS E

[FviElEFDEJm Trf.;i:e EeEfriaphlﬁFaE’r:h D:*E;w F"’F F"'? | |

ROTH RAD AUTO FAR | ELzY ]

By pressing key d it is possible to rotate the solid of revolution around the
y-axis.

I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ] I‘Fi Trzv]’r; ]’ Yy Trn]’rsv]‘?? ]’ ]
- E Zoom|Trace|ReGraph|Math|Draw| ff - E Zoom|Trace|ReGraph|Math|Draw| ff

ROTH FAD_AOTO FAE | ELsY | ROTH FAD_AOTO FAE | ELsY |
1w _Few | F® Yy FEw |_FEw |[F7 1w _Few | F® Yy FEw |_FEw |[F7
» = |Zoom|Trace [ReGraph|Math|Draw]- » = |Zoom|Trace [ReGraph|Math|Draw]-

EAD_AOTO FRE mﬂ-%o EOTH EAD_AUTO FRE | ELEY |

ROTH
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4) Self-reliant lear ning of subject matters

The aim of the following program is self-reliance in learning. When pupils
have used this program long enough, they should be sure that they will
recognize the term of the trigonometric function f(x) = a&in(wx+®) by the
graph of this function. They also should have learned to describe the influence
of aor w or ¢ on the graph of the function.

Now let us start the program. A new toolbar is displayed.

EinfUhrung: aplaying interactive introduction to the properties of these
functions.

. F2 G T
ISTARGTERGEYL o P ogramme [Kontral 1e|Ende

1: Interaktive Einfidhrung

shell<>

TYFE OR USE €314 + [ENTERI=OK AMD [ESCI=CAMCEL

Lernprogramme: three programs, which teach you amplitude (Amplitude),

angular frequency (Kreisfrequenz) and phaseshifting
(Phasenverschiebung)

. i Faw R Fu
Eint Uhirung [REggl=Tgdet= =R ot ol 1= |Ende

1:Armplitude
tEreisfreguenz
3:Phasenverschiebung

shell<>

TYFE OR USE €314 + [ENTERI=OK AMD [ESCI=CAMCEL
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Kontrolle: two programs for testing your knowledge in quality and in
quantity

-
[Elnf‘uhr‘ung Lernptogranie [Laly

1 H itatiy
uan 1T.at1w

shell<>

TYFE OR USE €314 + [ENTERI=OK AMD [ESCI=CAMCEL

Now let us start the interactive introduction in a playful way.
The function f(x)=sin(x) is displayed.

Fzw
- ]‘— 200 Tr‘-ace ReGPaph I“Iath I:Ir*aw - ff

2 =intxd

N SN SN SN s
\f_,?n “\_/4:11 \.,/Em \Jﬁn

s

TRIGONOL FAD_AOTO FUHE | ELsY |

By pressing key a or shift athe amplitude will be changed in stepsof 0.5 or -
0.5. Theterm of the modified function is displayed.

- ]‘— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff - ]‘— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff

Yixi=.Sksin0xd

YixI=2, k5intxd
2 =intxa 2 /_,Ein(x)

N -

v:t V'Av&nﬂv;f ‘r;:v-;f‘f:lh‘v#n e -

FUHE | ELsY |

-2

FUHE | ELsY | TRIGONOL FAD_AOTO

TRIGONO1 RAD AUTO

By pressing key w or shift w angular frequency will be changed in steps of
0.250r - 0.25.
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- ]‘— Zu:u:um Tr‘-ace ReGPaph I“Iath Ot-aw|+ - ]‘— Zu:u:um Tr‘-ace ReGPaph I“Iath I:Ir*aw - ff
yixi=1.,ksinc2. #x) gixi=1hsing . Sl
2 =intxd 2 /_,Ein(x)
AR AW ANY AN ANV AW ; NN
V- N VN L RN A N
-2 -2
TRIGONOL FAD_AOTO FUHE | ELsY | TRIGONOL FAD_AOTO FUHE | ELsY |

By pressing key p or shift p the phaseshifting will be changed in steps of /2
or - /2

- ]‘— Zu:u:um Tr‘-ace ReGPaph I"Iasfh D:*Ea'wlv - ]‘— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff
gixi=ldsinix+ms2) yixi=ldsinix—m 20
2 /_,Ein(x) 2 /_,Ein(x)
LN . AN 2. 2. 8 NI SIN_ SN/
N AV E AN S AN VAN AN AN AN
-2 -2
TRIGONOL FAD_AOTO FUHE | ELsY | TRIGONOL FAD_AOTO FUHE | ELsY |

We skip the programs for learning the importance of amplitude, angular
frequency and phaseshifting, because the text is important in these programs
but the text is in German. Therefore we start the program that tests our
knowledge in qualitiy.

The graph of sinus and the graph of a function f(x)=aG@n(wlx+®)are
displayed. The function f(x) = a@in(wXx+ ®) is generated by random numbers.

- ]‘— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff

51n(x)

AN AN

TRIGONO1 RAD AUTO FUNC

Now you will be asked if the amplitude of the thick graph is bigger or smaller
than the amplitude of sinus, if angular frequency of the thick graph is bigger
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or smaller than the angular frequency of sinus and if there is a phaseshifting
between the thick graph and sinus. Then the program will control your
answers. If an answer is wrong, you will have a chance again to see the
graphs and correct your answer.

Flur die Funktion fix» gilt im
Uergleich zur Sinustunktion:
13 die Amplitude ist grifers

nein

Zurick zur Graphik Hein

? 32 Phasenverschiebung

“el (Enter=0K

21 die KEreisfredquenz izt grofier+

ESC=CAMCEL

ACDCA Summer Academy Gosing 1999

Fev
- {— oo Tr‘-ace ReGr‘g:rh I“Iath I:Ir*aw - ff

Eonbrolls der Losund

|:|1E' Aussage Ober die:

1% Amplitude ist richtig+

21 Ereisfrequenz ist richtig+

3? Phasermerschiebung ist richtig=

weiter mit  ndchster dbung+

2 CEnter=0 ESC=CAHCEL

T

UZE £ AMD + T0 OFEM CHOICES

UZE £ AMD + T0 OFEM CHOICES

Now let uslook at the program that tests our knowledge in quantity.

The graph of sinus and the graph of a function f(x)=aB@n(wlx+®)are
displayed. The function f(x) = aGin(w X+ ®) is generated by random numbers.

1 Fev |_ F= 4 FEx |_FE™ TF7
- ﬂ Zoom|Trace|Rebraph[Math|Draw|-

2 51n(><)

/

AN A
JVVVWV

TRISOMO1

EAD AUTO

FUHC

You will be asked to determine the exact value of the amplitude, angular
frequency and phaseshifting. The exactness of the picture of the graphsis not
very big. Therefore in drop down menus the possible answers are displayed.
Also this program will control your answers. If an answer is wrong, you will

have a chance again to see the graphs and correct your answer.

- ]‘— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff

- {— Zu:u:um Tr‘-ace ReGPaph I“Iath Dr*awlv ff

-,

l Eindab e der Losund
24 Amplitude 1+
\ Kreisfrequenz 1-4+
Phaszenverschisbung O+

|, “Enter=0K ESC=CRMCEL: )

/ Zurlck zur Er‘aph1k Hein+

\UUUU

[
r Kontrolle der Losund ™y
Armplitude [EEAEE-
Kreizsfregquenz richtigs
Phazenverschiebung richtigs
Weiter mit  ndchster dbungs

Entetr=0K ESC=CAHCEL

YV VUV VY

n

UZE £ AMD + T0 OFEM CHOICES

UZE £ AMD + T0 OFEM CHOICES
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5.Exercise of well-known subject matters

5.1. Coordinates of a point

With this program pupils should exercise to determine the coordinates of a point
in a coordinate system. The display of the T1-92 is bisected. On the left part the
window variables are displayed, on the left part a coordinate system with a
marked point ist shown. The coordinates of the point and the skale of x-axes and
y-axes are generated by random numbers. The answers of the pupils are
controlled by the program.

FCw FE* 7 FEw Fa= ?
- {—lEc-n:nm Tr*ai:e-lEeGr*aph Math|0raw|« - {—lEc-n:nm Tr*ai:e-lEeGr*aph Math Dr*au -
®min=-1000, ®min=-1000,
xmabf—?%% HREE= 4EIEI P
HEC N -
umin=-10. Er i
Eggbf—ﬂli v ¥—-Koordinate: [100f | |
®xres=10. o CEnter=0K ESC=CAMCEL™ [, .
EOOKDINA EHD AUTO FUME 3| [KODKDINA EHD AUTO FUME

5.2. Slope and y-intercept of aline

With this program pupils should exercise to determine slope and y-intercept of a
line. Slope and y-intercept of the line are generated by random numbers.
The answers of the pupils are controlled by the program.

- {— Zu:u:um Tr‘-ace ReGPaph I“Iath I:Ir*aw - ff - {— Zu:u:um Tr‘-ace ReGPaph I“Iath I:Ir*aw -

." Ei nﬂub-z -".

Anst.ieg k und Abschhitt
d aut der y-Hchse eingeben.
Anst.ieg k:I:iﬁ |

Abschrnitt di [1 ]
Enter=0 ESC=CAHCEL

GERADEGL RAD_AITO B T TR 1. GERADEGL RAD_AITO —FONE__
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