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Mathematics HL/SL: graphic display calculators—teacher support material

Introduction

Purpose of this teacher support material

This teacher support material (TSM) is intended to support teachers using graphic display calculators (GDC)
in Diploma Programme (DP) mathematics higher level (HL), mathematics standard level (SL) and further
mathematics SL courses. It may also prove helpful to support technology use in other subject areas.

There has been much discussion about GDC use, and it is hoped that this TSM will address some of the
issues and questions raised by teachers and students. These include the following.

How to use the calculator

. How to use the calculator to enhance teaching and learning

. What students should write down in examinations when they have used a calculator
How to manage the calculator memory

These issues are common to all subjects that permit the use of calculators in examinations and the
information is relevant to any teacher using technology in teaching. Detailed examples have been included
to illustrate the points discussed and more examples can be found on the online curriculum centre (OCC). It
is hoped that teachers will add to these suggestions by visiting the discussion forum for calculators.

GDC background

The IBO first allowed the use of GDCs in the mid-1990s and the GDC became compulsory in three of the DP
mathematics courses in September 1998. It was quickly realized that this decision would have a more significant
effect on the teaching and assessment of mathematics than had been originally anticipated. The first problem
was the wide disparity in the capabilities of the various models that students were using. As a result, it was
decided to produce minimum requirements for the GDC and these were announced to schools in August 1999.

From 2001 onwards, students using only four-function scientific calculators or early versions of the GDC
were at a disadvantage in examinations. Examiners set questions assuming that all students had a GDC with
the minimum functionalities.

In 2004 the GDC became compulsory in all DP mathematics courses. Students taking any mathematics
examinations from May 2006 onwards will be at a disadvantage if they do not have access to a suitable GDC. The
Vade Mecum describes conditions of use in examinations and includes a list of recommended/approved models.

GDC models used in this TSM

Data collected suggests that new models are acquired and gain significant hold within only a few years of
introduction into the marketplace. By the end of 2004, most students taking mathematics HL examinations
had access to one of the models listed below.

© International Baccalaureate Organization 2005 1



Introduction

Texas Instruments Casio

TI-84 Plus Silver Edition CFX-9850G Plus/Graph 65 Plus
TI-84 Plus FX1.0 Plus

TI-83 Plus Silver Edition CFX-9950 Plus

TI-83 Plus FX-9750G Plus/Graph 35 Plus

Instructions provided in this document are split into two columns representing the two main models
used: the Texas Instruments TI-84 Plus Silver Edition (TI-84+SE) on the left, and the Casio CFX-9850 Plus
(Casio 9850+) on the right. For each model, the instructions are divided into a further two columns. The left
column displays the buttons that should be pressed (“Press”) and the right column displays the screen shots
that should appear after following the instructions (“Result”). See below for an example of this layout.

TI-84+SE Casio 9850+
Press Result Press Result
1. |« Flotl Flotz Flots VY Brgeh Func  fv=

~MiBoos R o=

Remove any stored ::3 2 Eﬁ Remove any stored e

graphs. Ay = graphs. i
wNe= [ZEL [N Wi I [oRat

N D DD

D D

Please note that the screen shots shown in the instructions may differ depending on the user settings and
the operating system installed on the calculator.

Most examples displayed under the heading of the TI-84+SE are accessible on a model from the basic TI-83
Plus upwards. The TI-83 (non-plus) is practically obsolete and cannot store or run flash (ROM) applications
(Apps) and functionality upgrade is limited to a number of add-on programs.

Apart from one or two key variations in text and colour functionalities, the Casio 9850+ is functionally
identical to the Casio FX-9750 Plus, the Casio Graph 65 Plus and the Casio Graph 35 Plus. Functionalities
found on the Casio 9850+ are also accessible on the FX1.0 Plus and the Casio CFX-9950 Plus, although
the function keys and menu numbering may differ between these models. Non-plus versions of Casio
calculators are practically obsolete and might not meet minimum requirements for some subjects.

Please note that there may be alternative ways to achieve the same results. The approaches demonstrated
here are not necessarily the best or the simplest of the options available.

GDC language features

Language options have become an important feature of recent GDC models. Texas Instruments now
packages 12 “language localizers” with its new models and Casio offers a number of “language add-ons” for
the FX1.0 Plus. Running a language localizer (Tl) or language add-on (Casio) changes the language of most
GDC menus, but with some limitations and exceptions. No language features are available on the Casio
9850+. The Casio Graph 35 and Graph 65 are marketed to the French language markets. Functionality is
identical to the Casio 9850+; the only difference is that some keys have French and English text.

The French version of this TSM uses French language screen shots from the TI-84+SE (with the flash Apps
“Francais” installed). The Spanish version uses Spanish language screen shots from the TI-84+ SE (with the
flash Apps “Spanish” installed). A Chinese version of the flash Apps Catalog Help is available for users with a
preference for help in Chinese. See below for instructions.

2 © International Baccalaureate Organization 2005



Example 1: Setting the menu language to French

—_

|

to locate “Francais”.

2. to run “Francais”.

3. | @ to set menu

language to French.

tE=Fanol
HFrancais
tFunsci

I GeoMastr
:Inesualz
JLearnChk

EiEEUESGE

{?TE{&E

IHETRUMENTS
ving
Francai=s
1:Franzais
Z:Endlish

1Z11999 TERAS INSTRUNENTE

]

DOD

to access System
Manager.

@ to access language
menu.

© © toselect

“Francais”.

@D to set language
mode to French.

Introduction

Swslem Manager
Fl:HMemory Usase
F2:Contrast
F3:Auto Power Off
Fd:Lansuase
FS:Resetl

HEm] % |AFO ILan3lResed

Langauage
[Engalishl

eul.zch
Franzais
Italiano

el

Langauage

[Enalishl
E=Farol
Deutsch

allano

el

Maode Fransais
AFFuxeri [ESC]

el

The same method is used to set the menu language to one of the other available languages.

Example 2: Setting the menu language back to English

.

to locate “Francais”.

2. to run “Francais”.

3. to set menu
language to English.

tE=Fanol
HFrancais
tFunsci

I GeoMastr
:Inesualz
JLearnChk

EiEEUESGE

{?TE{&E

IHETRUMENTS
ving
Francai=s
1:Franzais
Z:Endlish

1Z11999 TERAS INSTRUNENTE

]

© International Baccalaureate Organization 2005
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to access System
Manager.

@ to access language
menu.

@D to set language
mode to English.

Gestiohnaire systéme
Fliltili=alion mém
FZiConlraste
FiiExtinction auto
FdiLanaye .
FaiRFginitiali=sation

MEmT T | AFD ILan3lkesed

Lahgue
[Franzais]

SF3R0
Leutsch
Italiano

el

=

Enalish Maode
Press: [ESC]

el



Introduction

Example 1: Installing Catalog Help

1

Use the arrow keys to
locate Ctlg Help.

2. to install Catalog
Help, then any key.

EE to return to the
home screen.

etle
4iC5hestEs
SiCSheetFr
&iCelShest
Filonics
CtlgaHelrF
Dansk

g

FROW CATALOG AND
FUNCTION HENUZ.

FREZZ [+1HEY TO
DIZFLAY ON-LINE
FUNCTION HELF.

FROM FUNCTION HELF: *

Example 2: Using Catalog Help

2. to access Math
menu. Frac function is
selected.

3. to run Ctlg Help.

4, to paste the Frac
function into the home
screen.

5. to apply.

1.50

|¥IIE HUM CP: PEE
_: ac

Oec

LU

HEN N
$ [
fMing
ot Maxt

[T Y]

rFracll

ualuekrFrac

*
IFRSTE | ESC

1.5¥Fracll

1.5¥Frac
352
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Example 3: Quitting Catalog Help

:

eetle
Use the arrow keysto |42 ESHEE’LEE
locate Ctlg Help. %: EEISheet
C
]

2. to run Catalog 5
Hel ngEDrjEmue
P =I]u1ttEt19HelF~

ZiAbou

3. to quit Catalog  |[l
Help.

Example 4: Installing Chinese Catalog Help

1. FFELTCAT TR
e

Use the arrow keysto | |&# GSheetDe
riCShestE

locate Chinese Catalog || CSHEELFE
Hel Q:iCabriJr

€lp- @i Celshest
BIChinese

2. to install Chinese
Catalog Help, then any
key.

DIZFLAY INSTRUCTION OF
ANY OTHER KEY: TO ERIT

FREZ% [ENTER] KEY TO |

© International Baccalaureate Organization 2005
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Introduction

: to locate Math
menu. Frac function is
selected.

. to run Catalog
Help. Chinese help
screen will appear.

: to paste the

Frac function into the
home screen.

: to apply.

y

Use the arrow keys to
locate Ctlg Help.

: to run Catalog
Help.

to quit Catalog
Help.

Example 5: Using Chinese Catalog Help

|¥IIE HUM CP: PEE
g rac

Hlec
I

T ]

i i B
et T

ing
=,

ES G

+

illl ARG | EX | EXF | BEY

1.5¥Fracll

1.5¥Frac
[ |

302

Example 6: Quitting Chinese Catalog Help

Dans k

FROK CATALOG AND
FUNCTION HENUE.

FREZS [+IKEY TO
DIZFLAY ON-LINE
FUNCTION HELF.

FROK FURCTION HELF, *
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Mathematics HL/SL: graphic display calculators—teacher support material

o

Using the TI-84 Plus SE an d th

In this section, step-by-step examples of selected GDC features, functions and tools are displayed. They are
organized by function task and often use examples taken from previous examination papers or specimen
papers.

This TSM assumes some basic skills in working with the GDC. New GDC users should get acquainted with
their calculator by first referring to the “Getting Started” chapter in the Texas Instruments manual, or to the
“Quick-Start” section of the Casio “Owner’s Manual”. Online manuals are also available from the web sites
listed below.

Particular attention should be paid to the instructions about entering expressions, editing, deleting, using
parentheses, storing values, changing mode settings (especially settings in degrees versus radians), setting
the graph window, editing tables, graphs, lists and matrices, performing simple calculations, plotting data,
resetting defaults, installing and running applications and understanding error messages.

Texas Instruments http://education.ti.com/us/global/guides.html

Casio http://www.casio.co.jp/edu_e/support/
http://www.silrun.info/
Sharp http://www.sharpusa.com/products/support/0,2309,,00.html

Hewlett Packard http://www.hpmuseum.org/software/swcd.htm

Basic graphing skills

Choosing an appropriate window
Task A: Reset defaults (graphing)

TI-84+SE Casio 9850+
Press Result Press Result
From the home screen. |[N VENU] RN MEHL gy
)
D'*HA 'I;HBLIE RECUFR COHICS ERUPH
AR e o
FEGH) TLM JLIHE fCOMTEMERM
A e [ B
. to access |¥&Em Use the arrow keys to | g RIN M 5@4%
i oLt I e | | |
memory functions. tMem Mamt.sDel.. || highlight % TreTiA 'I;ﬁBLIERcEgLIF:EIJHIEF ERLIH%E
ZiClear Entries bl &l el 22
(Note: May need touse ||[4:ClrAllList=s M TR | o e
oEB@ o e, mliiEt=
get to the home screen.) FiReset..

© International Baccalaureate Organization 2005




Using the TI-84 Plus SE and the Casio CFX-9850 Plus

3. @D to activate Reset. | HREHIUE ALL | @D to activate the Braeh Fung  2v=
?& graph function. e

eFaultE

==
m]

ZEL TUFEJCOLF g HE R ]

4, to select Reset @D @ to access wieu lkindow
Defaults. ﬁ L igi.et V-Window (the View Eeiled ?EE e

. . ' £-1.1875
Window setting). méﬁ :5 438

scal
THIT TRIG 5T|:-

5. @ to confirm. 0] ® tostandardize the | Misu lindou

TI-BYF1us Silver Edition . . . e
=71 View Window setting. scale i
‘Ymin i-1@
max ERE]
scale!

1
Oefaults =et [THIT [TRIG 570 ERiP

The default graph window on the TI-84+SE is The standard graph window on the Casio
+10 on both axes. CFX-9850 +is £10 on both axes.

Task B: Using the GDC to graph the function, y =sin(In |x|) ,demonstrate the
difference the window makes to the appearance of a graph

10 +10
1. | From the home screen. ||l (VENU) IF:AJ]MIEF#B%
=5
Note: May need to use E RECUR COHICS EELA
oD ERESL
D o @B @D o e

£
Co=
lll2
=
=
3
%3

get to home screen.)

2. Use the arrow keys to EIATN MEHL ae
o S L ] |
hlgh|lght % DHA) TRELE RECUR COHICE ERUA
ALl
FRGHM| TWH JLINK CIZIHT MErM
e £ rﬂﬁ"
3. @D to activate the Fh Fung  1v=

graph function. _
e

Ve
EEMIDEL JTVFEJCOLF 3G MEMI T

4. OF Flotl Flokz Flobs Use the arrow keys to Grseb Pubc =
Use the arrow keys to :3;:. highlight any stored g
highlight any stored :mf graphs, and @ then %
graphs, and R to o= @ to remove them. T O 3 O I
remove them. ﬂ?;

8 © International Baccalaureate Organization 2005



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

5. | lﬂﬂ Flotl Flakz Flot:
(vari VI 1 IxTen ;E";ESIH':].H':EES':K
=N

wNr=
N
wHe=
“NE=
R CRAPH

7

n=n =0
8. } \
E:I:I } 'LI:I -'"f

Grarh Func iY=
Y1Bzin tlh CHbs ORI

Lsind (X Ing (
@660

DPOOD
[SEC NP P N T
®
(ST X P2 F3)
o

B0 AP IH [o0T [ROTS[ o

B0 WP IM [o0T [AOTS[

It appears with each successive zoom that a different graph is displayed.

This is even more apparent when, instead of using zoom, the window is changed to y = —1.5to +1.5
(and kept at that), while x is changed from -2 to +2, -1 to +1 and -0.1 to +0.1.

9. | Change the window settings to:

Xmin =-0.1
Xmax =0.1
Xscl=1
Ymin=-1.5
Ymax = 1.5
Yscl=1
WIHDOL

) EB G ED | i
3 wacl=l
o TS
@ vrcit
ENTER
D €3 EB GE
- B

AN

|

© International Baccalaureate Organization 2005

Change the window settings to:

Xmin :-0.1
max : 0.1
scale: 1
Ymin:-1.5
max: 1.5
scale: 1.
@ @ to access Wiew Window
Bmin =éai
-Wi max i@,
V-Window. ne et
Ymin f-1.5
@O = LS

OVOD T -

Use @B toreturn to
Graph window.

®

A




Using the TI-84 Plus SE and the Casio CFX-9850 Plus

On the default/standard graph window the graph of y = x=2x7 +x appears to intersect the x-axis only
once. By using zoom or changing the window settings it is possible to observe other key features of the
curve.

Task C: Graph the function y= x’ —2x” + x in the default/standard window

TI-83/84+SE Casio 9850+
Use default graph window *10. Use standard graph window *10.
Press Result Press Result

1. | O VU 5 ! /
Remove any stored } Remove any stored
graphs. graphs. [I
Graph the function Graph the function
y=x -2x"+x. y=x"-2x"+x.
B € ED & DOV
DOV
ODDDO

2 DGR
EED to zoom in. @ ® @ tozoomin. ‘

W% oot [AoTe [
H=0 Y=

It is possible to observe that the graph intersects the x-axis at least once near or at the origin by zooming in
with iterative use of the zoom function.

An alternative would be to change the window settings, with x from -1 to +2 and y from -0.5 to +0.5.

Task D: On the default screen, the graph y =sin (1 +sin x) appears to have a local
maximum between x = 0 and x = 4. Use zoom and change the window settings
to reveal further features of this curve

TI-84+SE Casio 9850+
Use default graph window +1( . Use standard graph window +10 .
Press Result Press Result

1. &R @ F
Remove any stored Remove any stored S e e
graphs. graphs. I
Graph the function Graph the function
y =sin(1+sin x). y =sin(1+sin x).
(sind (R 1 Q&+
DO DD
@ DO

10 © International Baccalaureate Organization 2005



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

2 DR
tozoom in. tozoomin. /."
_-r"----
[Eox @EWP TN [ooT [ROTO &
#=n =it

A local minimum value between two local maximums can be observed by using the zoom function or by
changing the window settings for x from -0.5 to +4, and for y from 0 to +1.5.

Finding zeros, maxima and minima

Once the graph of a function has been obtained, the GDC can be used to determine many important
features of the graph.

Example: Consider the function f(x)=x" —5x° —7x+ 50.

Task A: Find the coordinates of the zero

1. | OE Flotl Flotz Flets @O Graeh Func tv=
Remove any stored :3;:. Remove any stored uE
graphs. wia= graphs. e
wMy= e
x$5= EmivEL Jrvvedcici kel
~Me=
~Ne=
2. [InY1enter f(x). Fletl Fletz Flets InY1 enter f(x). Graph Func_ iv=
S = T A i B E-5HR - T4 50
EUDERE |. ..\ DO
5 Exten] x* W= WE
EEEIE |.:: OO I
N DOLPD
T BE=
[ 0] OUUOD
3. | Change the window settings to: Change the window settings to:
Xmin=-3.5 Xmin:-3.5
Xmax=5.5 max:5.5
Xscl= scale: 1
Ymin =-25 Ymin : -25
Ymax = 65 max : 65
Yscl =10. scale: 10
R WTHOOW D G Yisw Windoy

max_ 5.5
scaletl
Ymin =25
max LGS

= Amin=-3.5
GECEs Il L 5 4
@ IHMIT |[TRIG|STD
L EXEJ

Heeisi
MmlR="
S |

@
=
s G Yres=n @
@
@
o
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

9]

to find

the zero.

0 to move cursor just
to the left of the zero,

then (@E3.

A cross appears on the
curve at that point as
well as a marker at the
top of the screen. At the
bottom of the screen
there is a prompt for
the right bound. Use
the arrow keys to move
cursor just to the right
of the zero, then EHIE.

Another cross appears
on the curve at that
point as well as another
marker above the
curve. At the bottom

of the screen “Guess?”
appears. Use the arrow
keys to move cursor as
close as possible to the
zero, then GHER.

The zero is at (-2.979887, 0).

Task B:
1. to find

the maximum.

D
g

PA=HF-ERT-FH+ED

pai

C

)
Laft Eound
n=1 ¥=z8

\';:HF-SHE-?IHSIJ

\
.

oaund?
=-zlirozl Y=-Po0N4ZTEZ

PI=HF-ERT-FH+ED
LR

,\
.

GULEsT
W=z BzB7EF  V=7.1098564

2k
W=-z.878BE7 Y=0

PA=HF-ERT-FH+ED

4 |
LafE Eound?
n=-raogler? V=zav0Le?

D G

@ to find the zero.

Note: A powerful feature
of G-Solve is that further
roots, maxima and
minima can be found by
using the left and right
arrow keys.

Find the coordinates of the local maximum

DG

FO0T |MAX [MIM [IFTIISCT |

V1= 30N 2=TrR+08

#=-Z. 971988608923 =0

Y1=m" 53-8 2-Tr+38

I Koot
FOOT [MAX [MIM [IFT[ISCT| [

© International Baccalaureate Organization 2005



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

2. | To find the maximum, @ tofind the L St e
use the arrow keys to maximum.
move the cursor first
just to the left of the 1 xi-u.s!ulu!!kau ¥=52. |Buaasu;llu““
maximum, then G, T
then just to the right
of the maximum, then
G, and finally very
near to the maximum,

then GED.

Crosses appear on the
curve at the chosen
points and left and right
markers appear above
the curve.

Below the curve the coordinates of the maximum are given. The maximum occurs at (-0.5941091,
52.184235).

Task C: Find the coordinates of the local minimum

1. P{=UTE-ENZ-PH+E @ @ Wl=8E5-5u2-TH+58

! HMAK
ROOT [MAX [MIM [MIPT[ISCT| [

]
R EIPNG wecz araney
2. | To find the minimum, @ tofind the W1=RTI-SRTE-TReTE
use the arrow keys to minimum.
move the cursor first H/"
just to the left of the 1 M, xia.!a'luuaaalln N
minimum, then GEE, I

then just to the right
of the minimum, then

G, and finally very
near to the minimum,

then E@WEY.

Below the curve the coordinates of the minimum are given. The minimum occurs at (3.9274436, 5.9639127).

© International Baccalaureate Organization 2005 13



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Finding equations of tangents
Example: Consider the function f(x)=x"—5x" —7x+ 50.

Task A: Draw the tangent to the curveat x =0

1. | 68

Remove any stored
graphs.

2. /In Y1 enter f(x)

Flokl Flotz Flokz
=M1=l
wMNe=
M=
wMy=
wMe=
“NE=
M=

Flobl Flokz Plot:
M ERF-GREI-FR+50

Mz=Nl
M=
wMy=
wMe=
~NE=

WIHOOW
Amin=-3.5
Amax=3.5
nscl=1
VYmin=-25

[ — ] xtonf Xx
— 1 Lo
(@)

3. | Change the window settings to:
Xmin=-3.5
Xmax =5.5
Xscl=
Ymin =-25
Ymax = 65
Yscl =10.
WINDOW
B
ENTER
=

5.

The curve is shown
again with the x and
y coordinates at the
bottom of the screen.

“max=55
Vacol=18
ares=0

[P

PA=HF-ERT-FH+ED

A

n=1 ¥=z8

VR S

Remove any stored
graphs.

In Y1 enter f(x)

DOV
DD

28—
POOUOD

Gr-arh Func  2h'=

w3

N

et

[SEL EEW [ M S [or
Grarh_Func &Y=

'\ BHI-5H ™2 -TH+SE

v

2

SE.L TR [oRAL

Change the window settings to:

Xmin:-3.5
max:5.5
scale: 1

Ymin :-25
max : 65
scale: 10.

Q 9068Q40¢0
ae

Qd¢ ¢ ¢
Q4 ¢

DDDDOOO

iew Window

Amin §-3.
max_ 5.5
=calesl

Ymin §-25

max 63

IHIT |TRIG|STD Es 5'

Draw Tyre tConnect
Grarh_Func  20n
Duyal Screen 011

Simyl Grarh 01T

ac karaun tHone
Ahale tRad +
on [OFF
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

6. @D Please note: the Casio | ¥1=H"3-Su"2-Tr+5a
9850+ cannot write the

The tangentatx = 0 .
equation of the tangent

is drawn and below i Tr—
the graph is the . ata point on the curve. |4 ¥eED
equation of the tangent ik P S It will give the gradient

3 =-6.999999x + 50 for a given value of x

and the equation then
has to be worked out
manually.

DPDOIDOO
00

7. DOV
DOV
DO

The equation of the tangentatx = Qis y =—7x+ 50.

Task B: Find the other point of intersection of this tangent with the curve

1. oo Flotl Flotz Flobs
VAR5 S
- \:B-75+50

W=
This enters the equation :3;;
ofthetangentatx = 0 ||~"&=

into the menu.

2.
3. to find | [r=n=-snz—ri+tn @D @ tofindthe
the intersection of these intersection of these
lines. lines.
1 Iéﬁm MHIM [FFT[ISeT [
Firsk curve?
u=i I y=z9
4. | Below the graph there |[vz=-7i+cu ® YL=Ko3-58"2-THeSE
are prompts to select The calculator finds the / l \/4
the curves for which the first intersection at
point of intersection is 1 x=0. Hiru l ¥250 T
. -
required. Use the arrow | |gEd8BIE ™, ¢ pasroc

keys to move the cursor
just to the left of the
point of intersection on
the cubic curve, then

ourer)
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

A cross appears on the

cubic curve at that point
and there is a prompt to
select the second curve.

to select the
tangent line as the
second curve.

Move the cursor as
close as possible to the
intersection point, then

am.

YE=-FH+ED

S

GUgssT
WENFENONEE  Y=16.B61702

N

)
Inkirseckion
n=k r

Y1k

The intersection point is (5, 15).

© to get the other
intersection.

Finding graphical solutions of equations

Task A:

Y=
Remove any stored
graphs.

TRACE

If possible, solve

2x+6y=12
4x—y=24

Flokl Flotz Flokz
=M1=l
wMNe=
M=
wMy=
wMe=
“NE=
M=

Flokl Floktz Flokz
MR -EASI+HE
~NMeBdE-24
=Mz=Nl

wMy=

wMe=

“NE=

M=

L/

]
value
fzero

fmindrm
ImaEinum
fintersect
Do
PO adx

DO

Remove any stored

Y=KE-TE S 2-TH+SE
Y2=-TH+08

S

I TSECT
prrs =15

i
Y
ZEL TR [oRn

—/
-/
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5.

6.

7. 1@ until a star appears
on screen.

8.

9.

Using the TI-84 Plus SE and the Casio CFX-9850 Plus

M=-Hlz+z

./
/

First curve™

n="1.702128 1V=z.FE7EFED

YE=4H-zh

= /
-\_\_\_‘-r\_

ﬁgsi."?ducz'i?ﬁt = '350551

YE=4H-zh

= /
-\_\_\_‘-r\_

ﬁgﬁ?ﬁnﬂdﬂcﬂgilit = '55{5555

FE=Hi-cH

—/

GULEST
n=bA06FEF  1V=-3.5E7446H

‘-—_______H

Inkirseckion
h=h ¥=i

DG

—/

FOOT [MAX [MIM RFTIISCT| [

/
|/

Finding the area under the curve between two points
Example: Consider the function f(x)=x" —5x* —7x+50.

Task A:

1. .
Remove any stored
graphs.

2. In Y1 enter f(x)

Flokl Flotz Flokz
=M1=l
wMNe=
M=
wMy=
wMe=
“NE=
M=

Flobl Flokz Plot:
M ERF-GREI-FR+50

Mz=Nl
M=
wMy=
wMe=
~NE=

© International Baccalaureate Organization 2005

Find the area under the curve between x = 0 and x = 5

DO

Remove any stored
graphs.

nY1enter f(x).

Gr-arh Func &%=

==
(gLl BN

ZEL TUFEJCOLF g HE R ]

Grarh_Func Y=

'\ BRI =5H 2 =T H+ 5

-

ot

SE.L TR [oRan
17



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

3. | Change the window settings to:

Xmin =-3.5

Xmax =5.5

Xscl=1

Ymin =-25

Ymax = 65

Yscl =10.

D

E €3 E D

B @B C&
4. | G
5. | O

If you have just done the
exercise on tangents,

to remove the tangent
line from the graph
move the cursor over
the =sign on Y2, then
@D The black square
over the equals sign

will disappear. If you
have not yet done the
exercise on tangents,
there will be no equation
inthe Y2 line.

6.
to find the area under
the curve.

The graph is displayed
and there is a prompt to
enter the lower limit for
the area.

7. D G

WIHOOW
Amin=-3.5
Amax=3.5
nscl=1
VYmin=-25
“max=55
Vacol=18
ares=0

[P

Flobl Flokz Plot:
M ERF-GREI-FR+50

wMe=-FHE+0A
M=
wMy=
wMe=
~NE=

PA=HF-ERT-FH+ED

) |
Lotagr Limit?

n=1 FoY¥=z8

PA=HF-ERT=-FH+ED

|
UrEgr Limiks
=i F o Y=ED

Change the window settings to:

Xmin:-3.5
max:5.5
scale: 1
Ymin : -25
max : 65
scale: 10.
@ @ View Window
Bmin P-3.3
OOV i
scalesl
min -25
max 2Go
@ INIT [TRIG[ZTD

AN,

@
@

AN,

RaoT [MAX [MIM [FFT[TscT [ o

V1= 30N 2=TrR+08

@ @ tofind the area

under the curve.

LOLIER
I =39

The prompt asks for

the lower bound. Scroll
using € until you get
to x=0, then @D. #tn

UFFEFR
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8. | There is now a prompt

for the upper limit for

the area.

FELxdx=110.41667

There is now a prompt
for the upper limit for
the area. Scroll using
© until you get to

x = 5,then GD.

Using the TI-84 Plus SE and the Casio CFX-9850 Plus

dx=118.416EEEEET

The area under the curve between zero and five is shaded and the value of the integral is given as

110.41667.

Finding transformations

Consider the curve f(x)=x" —2x> +x.

Task A: Find the transformation of this curve where g(x)=f(x—1)
Note that the TI-84+SE and Casio 9850+ vary significantly in the syntax used.

1. | G
Remove any stored
graphs.

11

AE Flakz Flok:

© International Baccalaureate Organization 2005

VN S

Remove any stored
graphs.

Enter:

Y1=X

Y2=X-1
Y3=Y13-2Y134Y1.

D D

QDD
®0w
L3 d
D
OV
0w

96048066

Deselect the graphs for

Gr-arh Func  2h'=

===
L |

ZEL [TVFE JCOLF K MEMETTTT]

Grarh Func %=

W1=x
WR=x—-1
VERNY 1 I-2N 2N
Y
ZEL TR [oRn
19



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

3. | Change the window settings to:

Xmin =-2

Xmax =5

Xscl=1

Ymin =-5

Ymax=>5

Yscl=1

WINDOW, WIADOW
=) ENTER ﬁm;g;ﬁz

ENTER Mecl=1

B G ies

@em |

ENTER

[ 1 Jenter

4 i

/

Flokl Flotz Flokz
WM ERI-2E 2+
wMeEY CHE-12

ECED |/:-F
Ny
“NE=
M=

L GRAPH

//

/Y

Change the window settings to:

Xmin: -2

max:5

scale: 1

Ymin: -5

max:>5

scale: 1.
Uigw Window
Amin -2
max_ =9
scalesl
‘Ymin 5-5

M3ax

Hi]
INIT [TRIG[ETD Eﬂ 5'

CICLCELT
S %g%g®

@ Er{g;h Func i4=

Then € € € to get VE5iAs oyt noryy

to Y4 and: B = A e o e
e0® = p—

© 00000
9396
¢de
q

_//
/Y

The graph now shows a translation to the right of one unit.

20

© International Baccalaureate Organization 2005



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Task B: Find the transformation of this curve where /(x)=2f(x)—-1
1. | R FIetL Flate_Flats A0 Graph Func  sv=
Use the arrow keys to :3 ! Ei %QE:’{" ) 25 | remove the graph for Y4. E%Egéésﬁvrﬂw
scroll down to Y3. “335%'1"1 -1 Th ter 2 { :
= Thenenter 2f(x)~1 & wpm o
G0 Ead |- into Y4.
SR V-

00O @

remove the graph for Y2.

RN GRAPH] /}/

7

DD
DOOUOD

@ |

/

The graph now shows a stretch of scale factor two in the y direction and a translation of minus one also in

the y direction.

© International Baccalaureate Organization 2005
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Using the polynomial root finder

Many equations can be solved most efficiently by reducing the problem to one of finding the zero or root
of a graph. However, there may be situations where a more direct approach is preferred. The following
examples illustrate how the polynomial root finder can be used.

Task A: Solve X’ —2x* —5x+6=0 for x

N

22

and then use the
arrow keys to highlight
PolySmit. and
then any key to access
the PolySmlt submenu.

Alternatively,
B o o @

jump to the PolySmit
submenu, then any key.

to run the
polynomial root finder.

B to enter a

degree 3 polynomial.

Enter coefficients.

G0 to solve.

-HF‘C-'I!-' Eook Finder

2 SimuItEan Solver
ZAbouk

Y:Folv Helr
E:Zimult Help

B: Quik FolwEmik

DedrgcofFole =1

HAIN| | |LOAD |

ax™x+. tatxtap=4a
az=
az=
a1 =
an=

NAIN|DEGK | CLF |LOAD [0LYE

ax™x+. taixtap=4a
az=1
az=-2
a1i=-5
a0 =0

NAIN|DEGK | CLF |LOAD [0LYE

ax™x+. taixtap=4a
%1 81
®g=-2
®x =5

HAIN|COEF=|2T0al=TOx|3TOx

Use the arrow keys

to highlight ﬁ and
then @@ to access the
Equation submenu.

Alternatively, (&
@D o access the

Equation submenu.

@ torunthe
polynomial root finder.

@ to choose degree 3
polynomial.

Enter coefficients.
1 e

@ VDO
@O
O D

@ to solve.

Equation

FPaolxnomial
Lata For 3 Desres
In Memar:

Degres?
EFEr

aH3+bﬁE+c§+d=Bc
I [ [] ol

5}
FoL (AW [CLR
aXd+bHE+oH+d=8
4 b C d
d 1 -2 -5 1
=
FoL (AW [CLR
aH3+QﬁE+cH+d=B
|FIIE
a2 |]
3 -2
3

[REFT
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Task B:

1.

4,

5.

and then use the
arrow keys to highlight
PolySmit. and
then any key to access
the PolySmlt submenu.

Alternatively,

B o o@D o

jump to the PolySmlt
submenu, then any key.

to run the
polynomial root finder.

ENTER

ae

=
Z
=
m
el

m
Z
=
m
e

T
2
—fwfw =
)

=

Z

=

m

el

m
Z
=5
m
=

=) —_ —_
U ol I

RAPH

Note that the
polynomial root
finder did not find the
exact roots, but only
approximations.

DedrgcofFole =1

HAIN| | |LOAD |

DedrgcofFole =1

HAIN| | |LOAD |

ayx ™ y+.. taixtap=4a
ay=1
ax=-3
az=-3
ai=11
a0 =05

NAIN|DEGK | CLF |LOAD [0LYE

ayx ™ y+.. taixtap=E
w1 B, 9999995934
®z=1.B880E8E48 7
®x =5
wy=-2

HAIN|COEF=|2T0al=TOx|3TOx
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Solve 0=x"—3x*-3x*>+11x—6 for x

On the 9850+, the
polynomial root finder
is limited to degree

2 or 3. The example
below makes use of
the equation solver to
achieve similar results.

Equation

6
8

Select Trere
FliSimultaneous
FZ2iFol»nomial
E3iSolver

SIL AP OLY g50LLL

—~
@]
=
c
5
~
>
[p]
(o]
0
c
Q
g
o
5
E

solver, and QP D ™
f=-3
B=11
E=-&
DEL EN

© 9€006006050600
4¢€0¢4688408606
9600@ ¢eadede
0006048

=

ighli Ea: B=AT~4+BT 3+0T"2+
@ to highlight T. | E3:

M

g
[ '
=L

Eal
(=
m
i

SaL

23



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Using the equation solver

Many equations can be solved most efficiently by reducing the problem to one of finding the point of
intersection of two graphs. However, there may be situations where a more direct approach is preferred.
The following two examples illustrate how the equation solver can be used.

@ to solve.

Repeat these steps but
with alternative guess
values for T to find
additional roots.

Task A: Solve ¢* = x’, for x between4and5

The equation must first be rewritten in the form 0 = f'(x).

0=¢" —x°

1. (D € = EED

ERUATION SOLVER
ey =1

E;EH}—H3=E
bound=<-1g99.1..

e I—E =R
w =0 3364836549,
bound=<{-199.1..
s left—rt=A

The solution is 4.5364036549...

P
@O
OOODO
PO O
VOOO
VOO
\EXcd

Eai B=AT 4+BT 3+CT 2+
T=-2

LfL=a
Rat=a

REFT

Ea: B=AT4+ET"3+CT 2+
T=3

LfL=@
Rat=a

[REFT

Salved

[Folueld dadndng rdi e

Solveled-H"3.4.5:4.52

[Gatueld/dagdiadzg o di e

Solveled-H"3.4.5:4.52
4. 336483655

[Gatueld/dagdiadzg o di e

The solution is 4.536403655...

Note that only an approximation is given and the accuracy may vary depending on calculator settings.

24
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

2cos(3x—1) , for x between 0 and g

Solve sin’(x)

Task B:

Salvet

EQUATION SOLVER

ey E

v
@@

e

[Fluald/ddnidng r o

D @B < @D

1.

e

? ﬁiisin (R E-Zoos

1w
EESEOES L P PR Sy
[Fluald/ddnidng r o

60 0600
9000006
90060060
000060060

W r- _l
[ ] &
[
Lo
1 412
|-
s EnD
~ w0
ZE m
= nb
o+ . "
S m
- e
24
buin m
[1TEa
e
—i
[ m
o
[ B [~ N [ I
1T [ glen] I ==
H gt B Hut I H il
] iy ] ol ] [u L¥ullp]
[Bulny] [ LY n ] [ ]
= W =i [t [ e ]
1 20— 120w [ ]
va T ! v va =l
Ml Ml Pt s L
L0l L0l SO0 L
il il e ]
[ T ol = E
P | P | Tl Do
=0 |0 g L= ]
[ ] [ ] W
St S el | n

;| D & €3 €D

5. © (D @B

The solution is 0.32864374674...

25

© International Baccalaureate Organization 2005



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Using simultaneous equation solvers

Systems of equations can be solved most efficiently by using the simultaneous equation solver.

Task A:

—_

| D D &

and use the arrow keys
to highlight PolySmilt.

then any key to
access the PolySmlt
submenu.

to run the

simultaneous equation
solver.

o
enter two equations
and two unknowns.

AWEY displays
coefficient menu.

ENTER
[ 6 ]
[ 1]
[ 4 ]
[ 1 JENTER
ENTER

@D to solve system.

Find a solution to the system of equations

*Eer;ngen

tPeriodic
HFola5mlt
tProb Sim
tPuzzPack
tPéEriod
LEWERTY

|-HF‘¢-1!-' Eook Finder

2 SimuItEan Solver
ZAbouk

Y:Folv Helr
E:Zimult Help

B: Quik FolwEmik

nurber OFEans =1

Nuraber OF Unknowns =2

HAIN| | |LOAD |

=IHULT EQn =OLYEFR
Nurber OFEAns =2

Muraber OF Unknowns =20

HAIN| | |LOAD |

EYEMATRIN (=31

- g

L] 1

121=2
HAIN] NEW |CLF LOAD[SOLYE

EYEMATRIN (2x=z2)

g |G ]
2 3=24

HAIN| NEH [CLR[LOAD[ZO0LVE

Solution
#1865
®z=H

HAIN[EACK [ET05s[5T0x |

2x+6y=12
4x—y=24

DD

to access Equation
submenu.

@ to run the
simultaneous equation
solver.

@ to select two
unknowns.

(Two equations are
automatically selected.)

@ to solve system

Equation

Select Trre
FliSimultaneous
FZ2iPolxnomial
E3iSalver
[P ET

L]

=
=

Simullaneous
Data For 2 Unknowns
In Memor:

Humber 0f Unknowns?
FFEFEF 5

andtbn''=Cn
4 b C
1 0 1] 1]
E[-ﬂ 1] ﬂ]

[For iAW [ELR

andtbn''=Cn
4 b

I

-

24
[For [EWP[CLR

andtbn''=Cn
]|

KEFT

(Systems with many or no solutions may present with unexpected results on the GDC.)

26
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

) . . 2x+6y=12
Task B: Find a solution to the system of equations
4x+12y =24
TI-84+SE Casio 9850+
Press Result Press Result

1. | Repeat the steps from Repeat the steps from
Task A using these Task A using these
coefficients: 2, 6, 12, 4, coefficients: 2, 6, 12, 4,

12, 24. 12, 24.

2. | Result of the simultaneous | [Salution Set Result of the Snrtnt=ln

equation solver. ilsg;&“ simultaneous equation | J[ | gt

solver.
24
Ma  ERROR
HAIN[EACK [ZT05ws[RKEF |
. . . 2x+6y=12
Task C: Find a solution to the system of equations Y
4x+12y =12

TI-84+SE Casio 9850+

Press Result Press Result

1. | Repeat the steps from Repeat the steps from
Task A using these Task A using these
coefficients: 2, 6, 12, 4, coefficients: 2, 6, 12, 4,

12,12. 12,12.

2. |Result of the Result of the aniitbnt'=tn
simultaneous equation simultaneous equation L0 i
Solver. Mo Zalukion Faund Solver.

Ma  ERROR
HAIN[EACK [ZT05ws[RKEF |

Exploring trigonometric identities

The features available on GDCs vary greatly between models. The TI-84+SE has a feature to change the
thickness of the relation graphed. The Casio 9850+ has a colour feature that can be used to compare graphs.
Both the Casio FX-9750 Plus and the Casio 9850+ have a dual-graph feature that can be used for this type of
exploration.

Graphing the relation on either side of a trigonometric identity gives support to the conclusion that the
trigonometric identity is true. However, these graphs should not be accepted as adequate demonstrations
of the relationship in question, since the fact that the graphs appear to be the same does not guarantee that
the identity is true. Including a counter-example in your lesson plan might be a good idea.
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Task A: Explore the trigonometricidentity cos(20)=1-2sin’(0) using the graphical
features of a GDC

1. G Fletl Fletz Flots ViUl 5 J graeh Func 1=
Remove any stored :3;;. Remove any stored T
- s
raphs. W= raphs. e
grap = grap eH
=Me= To Store $[EXE]
x$5=
wMa=
2. Flotl Fletz Flets D D i
SMiBcosC2ED Duyal Screen =0ff
~He=l Simyl Grarh IQfT
W= Deriwvative (0
- 35 K3raun = MOne
Back d iH
wy= Anale Rad 4
“e= Con [Flot
“NE=
M=
el 1 ] — Flatl Flotz Flets OO Draw Tyee  iLonnect
sIN JxTen w1 Boos (2D
-- MBI -2CsincHane Dém?uatqﬂz 4
ENTER _ Backaround Hone
~Nx=l Ansle !Rad 4
wMy= [GFFR [GEaT [OFF
wMe=
~NE=
4 o0 0 GEdto Flokl Flokz Flobs (1 R ExE Son
~MABEcosC2ED Dal Screen Grarh
move the cursor to the Wl -l siprKanE glmul Er‘aph EBFF
left of Y2. A thick line _ Eochoroutd  fAone
. ~Nx=l Anale tRad +
will then be used for the ||~} y= [Con [F1o%
"~ =
Y2 graph. H$§=

5. | Change the window settings to:

Xmin=0
Xmax = 2m
Xscl=m/2
Ymin=-1.1
Ymax = 1.1
Yscl=0.5
WTHOOW DD GrhFur -
ﬂ (hivce. 2831853 :
ENTER Hecl=1, SPAFIE3 as
D ESCEIED | =il BRI
el
=) @D €D
ENTER
B €8 @B G

P GRAPH ®
The graph of \ /\ /
Y1 = cos2x will appear
first. The thicker graph \/ \/
of Y2=1-2sin’(x)
will then trace out on
top of it.
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

7. @ @

Grarkh Func Y=
8. @ @ ‘'l=cosz ZH ||

ZEL ‘T [oRAL

9. VOO -y -
DDOO i
G Ve
[GEC [EWHEP W
10. ®
Note that this image
shows two graphs.
The one on the left
represents cos26;
the one on the right
represents 1 —2sin” 6.
i Grarh F iy=
1. Enter both functions graeh_ L(‘Eﬁ;.
from the instructions peBloZizin Al
above in the graph ha
WE
screen. [0 EL JTVPEJCOLFJ HMERYITTIN
2. Change the window settings to:
Xmin:-27w
max : 27
scale:m/2
Ymin: -3
max: 3
scale: 1.
3. O toselectand Grarh Func = sv=

V1Bcos (2H)
highlight the second z
graph 1—2sin”#6. 2
&

ElWe|0rnd [Grh

===

G kb F W=
4 © e Brgeh rune,
W
2
SEL W [ [P K
5. [Fo
The graph of cos260

will be drawn in dark S DRSNS
blue. The graph of l

1-2sin” 6 will draw

overitin light orange.
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Change the window settings to:
Xmin: 0

max : 27

scale:m/2
Ymin:-1.6

max: 1.5

scale: 1.

=e NVANYS

Finding solutions to trigonometric equations

Consider the functions
f(t)=10+8sin(2¢)
g(1)=15+6sin(4r)

Task A: For how many values of ¢ between 0 and 21 does f(¢)=g(?) ?

1. | G Flokl Flokz Flokz
=M1=l
Remove any stored x32=
raphs. N EE
grap wMy=
wMe=
“NE=
M=

2. | Change the window settings to:

Xmin =-20
Xmax =20
Xscl =
Ymin =-20
Ymax =20
Yscl=1

3. .Ill':.l.ﬁ.ll]. Flokl Flokz Flokz

SMBLE+HSsinCE
XTen V=
ENTER M=

wMy=

wMe=

“NE=

M=

nul

« AREREDE® I T
~hy +2=in

D EDED @B | igiciizing

ENTER =Mz=Nl

wMy=

wMe=

“NE=

M=

M
nul

30

@o Grarh Func &Y=
_

Remove any stored
graphs.

= =" =C=C
Ly R

EEMIDEL JTVFECOLFJGHERUITTn]

Change the window settings to:

Xmin:-10

max: 10

scale: 1
Ymin:-10

max: 10

scale: 1
OO oo i
DD E W

[E=m0EL JTPE] TR [oR AL

OO  §gh e -
CsinX 4 XxoT Rexe RN Ies i

e
YEE
ZEL TR [oR AL
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5. |

6. | Change the window settings to:

Xmin=0
Xmax = 2m
Xscl=m/2
Ymin=0
Ymax =25
Yscl=5

=
g
=
=
—
=
a
o
=

ENTER Amin=a
AMax=5
feo1=1

2 N)
9] 1] =1 =3 LS
) =5

Using the TI-84 Plus SE and the Casio CFX-9850 Plus

° ;vquvv

Change the window settings to:
Xmin: 0

max : 21

scale:m/2
Ymin:0

max : 25

scale:5

D G agh Vigdou
DD 17.00n%8E:
vin g
=TD

e e IHIT [TRIG

CCEEEEL

D
D
o D
e
©®

8. | Inspect the graphs and observe that there are four points of intersection, which answers Task A.

Task B: What is the smallest positive value of ¢ for which f(¢)=g(?)?

1. IRACE Y 1=L0+BinCEH)

;i_l"it CUFYET

b b ) o | —

2. | Make sure the cursoris |[yz=15+asintyia
on the first curve, then

oren)
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ROOT [MAX [MIM [WIFT[ISCT] [

®® Yi=1@+8=sin 28
W2=15+6=sin 45

#=0.EE53910171174 ¥=17.110633uU |
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3. | Move the cursor to the

second curve, then

orer)

4. |Chooseavalueasa

guess, for example, 0.5.

B €3 6B OB

YE=1E+asiniii)

GugssT
L B b o gy Lo | —

Inkgrseckion
W=.eeEZE70E LY=1P.FP0e0T .

The solution is given as X = 0.66539702.

Summing a sequence

Task A:

The nthtermis given by: 3+2(n—1).

€D G0 0

€D G0 0

The answer is 960.

32

sumcll

sumisesil

SUMLsed(3+20E—-10
avs 12382
Q58

Note: A powerful feature of G-Solve is that the left
and right arrow keys will give the other solutions
to the left and right of the current one without
any further key entry.

Find the sum of the first 30 terms of the arithmetic sequence that begins 3, 5, 7, 9...

© o
opNE F1 N Fo ) Foll F1]
SumlProdicumd] 2 | 2 [
o @ @ Sum (Seal
LictJLarlDimlFill |50 e

QDO G® s
DOOD
DOV
OOVO® =rmmmm
POOD
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Task B:

The nth term is given by:

€D &0 0

€D G0 0

51210 C
B B & 6
=~ ol
- B 6 ©
3 G5 €3 6B
S D

The answer is 1207.918701.

320 (0.75)"".

Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Finding numerical derivatives

One method of approximating the value of the derivative of the function, f, atx = a is to calculate the value

of the expression

fla+h)—-f(a=h)

sumill VeNUR 1
opN I F1 N Fo ) Fol 1]
sumiseycll ‘.@@
Zn zealsal, vss VOO
THi3gr bigrn1 | O D D @
u OISO
OO D
VOV
VOO
G

Find the sum of the first 10 terms of the geometric sequence that begins 320,
240, 180, 135...

Sum

sumlProdicunll < 1 J JE

Sum (Sea(

ListJLsM]Dim]Fill 129 3

Sum (Seql3ZaC. TaTOE-
1rak:1a18:12
1287.918761

ListJLsM]Dim]Fill 129 3

for small values of # and to examine the limit as /1 approaches zero.

Most GDCs have built-in functions to calculate the value of the expression at different values of /.

Task A:

1.

D &

nberivill

DOD

© International Baccalaureate Organization 2005

Find the value of the derivative of f(x)=2" at x=0,1,2 and 3

dedxd

[Folueld ddndng rdi (e
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2. - TE'E'I""iU':EhH: ®aBa. 00@0 d/dx(ZAK:Bé:é%STBZSSS
ATen ﬂ L EOITAZIES Lo X > XX 14
S ERERCE |r @ D
[Solueld dodtidzg o dz | (I
3. | @D B to paste the | [rlerivizw. R.G, .| @) to paste the o/ (27K 8. L 1)
previous calculation. 12 L E937R2ISS| | Previous calculation.
nberi ':EﬂH:H:E:
10
4. | Use the arrow keys to T?Epiu.:gax, 2.8, . | Use the arrow keys to o 2 laé: 2%‘%152?31
change 0.1 to 0.01. L E937E23ISs| | change 0.1to0 0.01.
m - nberiviZ2™®, K. 8, m ..
0 0 ] a1 E93152731 QO
n @ D
5. | Use the arrow keys to 0 i%gﬁ?ﬂzgﬁﬁ Use the arrow keys to ot 25 S: éggﬂ?zsﬂ
change 0.01 to 0.001. EI?F o=t change 0.01 to 0.001.
LEII152TIL
[ 2nd Jenter KON nDeriv wiz*, 7,8, O O O W W
b & @ D . 6931472351 | @D D
6. | Use the arrow keys to LE695152ral| | Use the arrow keys to derda (2R S’ égg?}t%iail
Derivid™®. K8, :
change 0.001 to 0.0001. EEII 4 change 0.001 to 0.0001.
LE931472361
e EDR0 0 Eggﬁucz%mn (<X <Y<} 04 14
b @D @B @D .6a3147121>| @D €D
]
If the value of h is not specifically entered, the The limit appears to be 0.6931471811. This is the
calculator takes the default value of 0.001. The value obtained if the value of h is omitted from

derivatives at 1, 2 and 3 will be approximated with | the calculation.
the default value.

It can be concluded that the value of the derivative of 2¥at X = 0 is 0.693147.

Task B: Compare each value with the value of 2” at the same value of X

wH] 8 ) rOer Ty (28 10 @U@ v e
MENEED | . QOO D
[ 1 ] D [ > A 1 X ) Rexcd
[Golueld/dadiidug rd: | e
2. Changethe 110 2. nOerigiZ 9, ¥, 1 | Usethearrowkeysto | drdxta™-2o o
1. 380234472 change the 1t0 2 .
e i E o |
00 GRED s 2 Lo
[Golueld/dadiidug rd:: | e
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3. |Change the 2 to 3.

0 0 EBED

nberiwi2™E, 8. 13
1, 386294472
nberiwi2™E, K. 2
2. Tr2oge944
nberiwC2™H, ma 31
. 24317 7FE29

Use the arrow keys to
changethe2to3

Using the TI-84 Plus SE and the Casio CFX-9850 Plus

drdxf2™Ea 30
3.543177

ETIER S LAEER: IEEE e

The following table summarizes these results and makes the requested comparisons.

0.693147

1.386294

2.772589

5.545178

It appears that the derivative of 2% is equal to 0.693147 times the value of 2.

Justifying expressions for derivatives
Sometimes, the necessary mathematics is not available to provide a proper proof for the derivative of a
particular function. As with trigonometric identities, the equivalence of expressions can be verified using
the graphing features of the calculator together, in this case, with the numerical derivative.

0.693147

0.693147

0.693147

0.693147

Task A: Show thatif f(x)=sinx and x isinradians, then f’(x)=cosx

1. 6=
Remove any stored
graphs.

2

;| D €

Flokl Flotz Flokz
=M1=l
wMNe=
M=
wMy=
wMe=
“NE=
M=

Flokl Flotz Flokz
MBsinckED
Mz=Nl

M=

wMy=

wMe=

“NE=

M=

Flokl Flotz Flokz
~aEsindR
“MeBrlerivill
M=

wMy=

wMe=

“NE=

M=
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DO

Remove any stored
graphs.

@ D D

D

Grarh Func 2=

it
Y
Ve

Rl
[FEC T [oFAL

Grarh Func Y=
Y18Bsin

=TT
agld) B

[ESMIDEL JTVFES A oAt

ettt i ry]
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36

D 0
Y Y

ENTER

o0 0
move the cursor to the
left of Y3. A thick line
then will be used for the
Y3 graph.

ENTER Rte]

Flokl Flotz Flokz
“MBsinckEd
x?zEnDer1ui¥1:H:

#
=Mz=Nl
wMy=
wMe=
~NE=

Flokl Flotz Flokz
“MBsinckEd
gngnDeriu(¥1=H=

“NMrBoosCR0
~Ny=
wMe=
~NE=

Flotl Flokz Flots
~aEsindR
SMeBnlerivoh'y . K,

A2
“WeYzBoosCH
=My=N

wMe=

~NE=

Change the window settings to:

Xmin=0

=1/2
Ymin=-1.5
Ymax=1.5
Yscl=0.5

WINDOW

o D

) 2 G

(nd ]~ J ] 2

C) 6B € &
ll-

[ 1 ] 5 JENTER
= &

GRAPH

The graph of cos x

should overlay the
graph of the derivative
of sin x.

WIMHDO

DI iy Fuc -
&P e

noA
B dxizin ¥, 562

e
WEe
[5EC TR [

aPh Func =YY=

[ET
Y1Bszin A
VEEd/dx{51n Ha B
YIBCos
WE
SEC EWEEP R
@ and then use
O and € to select
different colours for Ry
each function.
@ or blue for Y1.
@ ororange for 2.
@ or green for Y3.
Change the window settings to:
Xmin:0
max:2XTt
scale:m/2
Ymin:-1.5
max: 1.5
scale:0.5.
@ @ Ligw Window
Hmin
max_ i6. 2831853
scale=1 STATIEIZ
Wmin  i-1.5
max 1.5

|IHIT TRIG|STD Es ﬁ'

08Q6¢Q
Q 9 40d
@ ¢ Q¢4
Q ¢ &4

OO D
D E

The graphs of Y1, Y2

and Y3 are displayed in
order. When Y3 is drawn,
it clearly overlays Y2.

S
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Examining graphs of functions and their first and second derivatives
The purpose of this exercise is to look at the graph of a function and its derivative and see how the gradient
of the graph of the function is given by the value of the derivative, noting particularly points where the
value of the derivative is zero or has a local maximum or minimum.

Task A: Graph f(x)=3x>-15x* +10x® + 30x* —45x +50 and its derivative

£'(x) =15x* —60x° + 302 + 60X — 45

1. | G
Remove any stored
graphs.

Flokl Flotz Flokz
=M1=l
wMNe=
M=
wMy=
wMe=
“NE=
M=

2. | Change the window settings to:

Xmin=-2
Xmax =4
Xscl=1
Ymin =-70
Ymax =100
Yscl = 20.
WINDOW,
(-) ENTER
ENTER
[ 1 Jenter
C0 )
b CB OB &
[ 0 JENTER

3. |Enter f(X) into Y1.
[ — ]
o
€D D
[ —
o
ENTER

4 Enter f’(x) into Y2.
-
(— ] 6 X 0
XTon
a»
[ 6 J 0|
[ — ] ENTER

WIHOOW
Amin=-2
Amax=d4
nscl=1
Ymin=-vd
Ymax=164
Vo l=2E
ares=0

Flobl Flokz Plot:
s EERTS-15H 4+ 1
B3+ 38K -4 50+ 50

Mz=Nl
M=
wMy=
wNe=

Flokl Flokz Flokz

SMUEEETE-15H g+ ]
BRI+ EEH -4 oH+08
HeB1SEd—-EBE~E+
IHRE+EEE-45
=Mz=Nl

wNy=
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DO

Remove any stored
graphs.

Gr-arh Func

EMIDEL JTYFE,

== ==
Lol Bt |

Change the window settings to:

Xmin:-2

90680Q¢0
QQeddge
Qe @

Qd6eee 4dd

=

Enter f(X) into

5

96904800¢
9026246
08004040

Enter f’(X) into Y2.

LT
Q0Q00¢
Qc6eQe
0604C0

Uigw Window

e

R [oFAw

I =
N = g B s S -

Hmin  §-
max_ =4
scaletl

Ymin -TH
max = 1EE
INIT [TRIG[ETD

Gr-arh Func

v

WS

VG
TEL

Gr-arh Func

R [oFAw

2=

V1EZHS—10R g+ 18N+
V2B SH -G ER " I IERE +

T

bi=1]
ZEL

R [oFAw
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)

SO

A
e

\—_\'
AN

It should be noted that wherever the gradient is negative the derivative is negative, and wherever the
gradient is positive the derivative is positive, the derivative having its most extreme values when the
gradient is most positive or most negative. It should also be noted that wherever the derivative is zero, the
tangent to the graph of f is horizontal and these situations correspond to a local maximum, a local minimum
and a horizontal (stationary) point of inflexion. Points of inflexion should also be seen to occur where the
derivative has local maximum and local minimum values.

Task B: Graph f(x)=3x"—15x*+10x’ +30x> —45x+50 and its second derivative
f”(x) =60x> —180x" + 60X + 60
The purpose of this next exercise is to look at the graph of a function and its second derivative, and see how

the concavity of the graph is related to whether the second derivative is positive or negative, also noting
where the second derivative is zero.

1. | & Flotl Flatz Flets D D Braeh Func 2T ey
w1 B3RS -1 0E 4] o= Rt A s e < B
Use the arrow keys to BATIHIBAE-435+38)| Use thearrow keysto | 537
scroll down to Y3. ~N ez B15H 4 —5@¥"3+| | scroll down to Y3. R

Enter f (X) into Y3.

3 O @ &
- S

.a
P
iom
—

X

_'

o

S

m
Z
=1 B
m <
el

. | To stop Y2 from
displaying, use the
arrow keys to move the
cursor over the = sign
on Y2 and then EEE.

The black square
over the = sign will
disappear.

GRAPH

IEEE+ERR—45
~Nx=l
~Ny=

Flobl Flokz Plot:
B3+ 38K -4 50+ 50

HeB1SEd—-EBE~E+
IHRE+EEE-4S
~HrEEEEI-18052
+EEE+EE

~Ny=H

Flobl Flokz Plot:
B3+ 38K -4 50+ 50

WMe=1SEd—EE8E~E+
IHRE+ERE-4S
~HrEEEEI-18052
+EEE+EE

~Ny=H

QT\
Y

Enter f (X) into Y3.

1.5 8.04
L3
O D
PO
Lt 64

To stop Y2 from
displaying, use the
arrow keys to move the
cursor over the = sign
on Y2 and then @.

6840

The black square
over the = sign will
disappear.

®

To Store 1 [EXE]

h Func &%=

A= 15E G+ 1BE 3+
S d—EEE I3+ 3IEEE+
Hi4 53— 1 882 +EEH+

E
3
1
[

W
ZEL

R [oRA

e
i
SEC T [okatd

IV
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It should be noted that wherever the second derivative is positive, the graph opens upwards (concave
up) and wherever the second derivative is negative, the graph opens downwards (concave down). The
relationship between where the second derivative is zero and points of inflexion should be seen.

Simultaneous display of all three graphs can give rise to further analysis. The point should be made that
f =0 does not necessarily mean a point of inflexion (for example, y = xh).

The “Colour Graph” option on the Casio 9850+, or the “Graph Styles” option on the TI-84+SE, are useful
functionalities to compare the graphs in these examples.

Using the numerical integration facility

The numerical integration facility of most GDCs can be used to provide a good approximation of the values
of integrals that either could not be obtained by traditional means, or would take lengthy and/or complex
calculation. It can also be used to check values of integrals obtained by traditional means. The following
example is taken from the May 2003 mathematical methods SL paper 2 examination.

3n

Task A: Evaluate '[07 e" (sin x + cosx)dx

TI-84+SE Casio 9850+

Press Result Press Result

1. D @ED FRINLCE DDOD® -

[Folueld ddndng rdi (e

frnlntie™(Ric=ing
Hi+ca5(H}}=H=E=3
I

aD OO® DG
DED |5 L SindlxoT R+ Jcosd
DED || 7466435535 D €D @ O
& O ©& B D

QQOOD

I(§§(sin Atcos Wi1.B.3
n+
T.4604238539

[Salueldidagdiadzg rdi e

The value of the integral is 7.46.
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Drawing histograms using lists

Task A: Draw a histogram for the following data

1. | G Flotl Flokz Flots (VU 5 J %%

=M1=l

Remove any stored = Remove any stored et
¥q:
graphs. “33f graphs. vsd
Y (FEC (EWHES D A
~e=
~Ne=

2. L1 Lz = 1 Y

Clear any data currently

in lists.
LYY e
L= for each list that

contains data.

3. | Enter data into List 1. Li Lz Lz 1] | Enter data into List 1. izt yLise Buise arise y
1 JENTER e D D |3
ENTER i D D o -
— ®© D (P U 5P P (0P [ 5
ENTER Liig= | 4 JLExXE]
ENTER DD
4. | Enter data into List 2. Li Lz Lz z| | Enter data into List 2. st yLise Buise anice 4
0 s [ COD | 1 n
) ;B O D 1
a» ENTER S P OD ikvndeuc LS dinTe ors
[ 1] ENTER Leiey = D e D
O D
5.
EHEHDE;HEIF
L1 Lz o«
2:Plotz Off
L1 Lz o«
3iPlotI. 0ff
L1 Lz o«
4LPlots08f
6. G to select Flgte Flots (1 X o] e e
“on’, L fiz o iHE
HFes HH-- E & Er‘eau$ncy i1
. - = ark Twre to
GHishice V[ e
Mark: B + -
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7.

11.

12.

0 0 @B o

select the bar graph
icon.

o @ 6D @B

insert L; into the Xlist
line.

o @ 6D @B

insert L, into the Freq
line.

Xmin=0

Please note: In L, the frequency for one is plotted
from one to two, so the x-axis needs to be one

more than five.

GRAPH

Flakz  Flokz
off
(== nm
Hh-

.| Change the window settings to:

WIHOOW
Amin=a
AMax=5
necl=1
Ymin=a
“max=28
Vaol=1

ares=0

© International Baccalaureate Organization 2005

QO @ to ensure

that Graph Type is set to
Histogram.

© @ to ensure that

XList is set to List 1.

© ® toensure that

Frequency is set to
List 2.

StatGrarhl

is
Freauenc:
Tcat [ [HFF

StatGrarhl
Grarh Txre

resuencr

EHi=t

LiztilLizt2 [Lizt|LiztY|Liz15 |LiztE

StatGrarhl
Grarh Txre
wList

tHist
tlList]

M EHhEErEEiEEr v

Change the window settings to:

Xmin:0
max: 6
scale: 1

Ymin:0
max : 20
scale: 1.

g
@
)

8 0040a¢
¢ 964440
:

Set Start to 0 and Pitch
to 1.

©Q¢
Qé

igw Wipdaw
Hmin 18

max G
scales]
Ymin =8
[~ ]

IMITITRIGI=TD

Sel. InLerwal

Start: O

Using the TI-84 Plus SE and the Casio CFX-9850 Plus
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Evaluating .

8
Task A: Find (3 )

1. @6 €D 0 g rCr W DOD®
®
| ! InPr|nCr|Rana e
2. Z nor = e 09D = e
N
| = ! [nPr Lk [Ranss &

8
The answer is [3 ]: 56.

Finding binomial probabilities

Example: Eight fair six-sided dice are rolled.

Task A: Find the probability of obtaining exactly two sixes

This situation represents a binomial probability situation with =8, p = g

We want: P(x =2).

(A 2nd JvarsE O binonedt (B OO sl
@ ﬁuer‘ialEB
Execute '
[GEx [ar
2. D [ 1] Binonrdfia, 1.6.2] @ €& € Binomisl £.0 4e
[~ ] 6 ] scnarecnsi| € S
ENTER VOO
L EXEJ

The answer is 0.2605.
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Task B:
We want: P(X < 2).

1

. D ED
=

aa

The answer is 0.8652.

Task C:
We want: P(Xx > 2).

Using the TI-84 Plus SE and the Casio CFX-9850 Plus

?inndeFiE=1KE=2

« 2ER4TVEZE4 1
binomcdt Cl

?inndeFiE=1KE=2

 2ER4TEZE4 ]
binomcdfC8, 1-6:2

- BE51531062

The answer will be 1—[p(0)+ p(l)],

.| D D @D

[ > ]
[ 6]
ENTER

’a

The answer is 0.3953.

binomrdfc8, 1-6:2

 2ER4TEZE4 ]
?innmchiE:1KE=2

LSES1531868
1-binomcdf (il

« 2ER4VEZE4 ]
?innmchiE:1KE=2

L2ES1531868
1-binomcdf (S, 1-6

’ . 3953230977
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Find the probability of obtaining at most two sixes

DDA

o
g

Find the probability of obtaining at least two sixes

DDA

®

(<]
04¢
q 4
8

a0 4aeq
@%6

Binomial C.D

x H
Humtrialz@
F H
Execute

Lizt |\rar

Binomial C.D
Flxi=8,86515

Binomial C.D

3 H
MHumtrial:g
F H. 16EEGEAEG
Execute

Lizt [Lrar

Binomial C.D
FLxI=H, 604567

1-An=
A, 395323A97TT
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Finding normal probabilities

The normal probability density function, ¢ (x), describes the probability distribution of the continuous
random variable, X, in terms of the mean of its distribution, &, and its standard deviation, ¢ . Many common
random variables have this distribution. The graph of ¢(x) has the characteristic bell shape. It is symmetric
about the mean, i, and the points of inflexion on the bell curve occurat ¢ + o.

xl J’Ez X

The total area under the curve is equal to one, and the probability that the value of X will lie between
the values x| and x, is equal to the area under the curve between these two values. Although it
is not necessary to know the exact form of the function for basic probability calculations, it is given by

~(x=p)’
d(x)= ! e 20° .The standard normal probability density function for a variable z with mean of zero
oN2m
ZZ

1 -=
and standard deviation of one is given by ¢(z) =—e 2.

J2n

The general normal distribution can be transformed into the standard normal distribution by the

x—
transformation z = il 2 . With traditional normal tables, and with some calculators, it is necessary to
(e

make this transformation. With other calculators, this transformation can often be avoided.

Consider the following typical problem involving a normally distributed variable: a normally distributed
variable, X, has a mean equal to 100 and a standard deviation equal to 15.

Task A: Find the probability that 90 < X <120

TI-84+SE Casio 9850+

Use the normal cumulative distribution function.

Press Result Press Result
1. normalodf (i D@ gl r-b
FFer H
P :
Execule

44 © International Baccalaureate Organization 2005



2. | Enter four parameters:
(lower limit, upper
limit, mean, standard
deviation).

(o JoX >
a» &3
D &b
(01 >

The answer is 0.656.

Task B:

Using the TI-84 Plus SE and the Casio CFX-9850 Plus

o098, 128
E2952511

Find the probability that X >130

Harmal C.D

Enter four parameters: R Y S,

(lower limit, upper limit,
standard deviation,

Theoretically, this requires an upper limit of + 0o, and part (c) will require a lower limit of — co. The values

1€ and -1e*°

respectively may be used, but more convenient values (at least five standard deviations from

the mean) may be used to achieve answers to the same accuracy.

2 G B €D €D
b € ¢ €
«D 6B €3 6B
B €D €3 6B

3. | This gives the answer
0.0228 to three
significant figures.
Changing the 1e*° to
1,000 gives an answer
identical to this one to at
least 10 decimal places.

[ 2nd Juarsl 2 X 1 )
ED B &3 &b
(o JoJoX |
(1 JoJolX |
@ ED @D GD

normalodt cll
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& to return to Hormal C.0
Normal C.D screen. oorer 12
1@
Execule

Hormal C.D
Qller i1
UrFer :%

1

CALC

Harmal C.D
Frob=H,82275
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Task C: Find the probability that X <80

normalcdf ol & toretunto Hernal LD
Normal C.D screen. IO P
180
Execule
2. (D @D EX normalcdrt -1e-co @ O D pormal €0 99
Q2,868, 188, 152 OFFer  :2E
sooo PG oo o
(8 J o]l - | u Y O D T ——
(o JoJ -/ VO D T
OOD
3. | This gives the answer E?FESITSE': iéﬁ“(? L FXEJ Mormal Eeb.as1211
0.0912 to three ? :E?lill?ﬂl?
significant figures. EEFTEIGEH"':E‘: 28,1
Changing the —1¢” to T lm91z112819
zero gives an answer u

identical to this one to at
least 10 decimal places.

to display

previous entry and use
the arrow keys and @@
to edit.

Note that as the last two parameters (the mean
and standard deviation) have not been entered,
the calculator assumes a mean of zero and a
standard deviation of one, corresponding to the
standardized normal distribution. If the calculator
is used in this way, the lower and upper limits
must first be converted to standardized values.

46 © International Baccalaureate Organization 2005



Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Finding inverse normal probabilities

A typical problem in which the probabilities for a normally distributed variable are known and the values of
the variable corresponding to these probabilities are desired could be the following: a normally distributed
variable, X, has mean 500 and standard deviation 100.

Task A:

Find the value ¢, if 5% of the values of X are less than «

Again, depending on the model of GDC being used, it may or may not be necessary to solve this problem
using the standardized normal distribution.

1. | Inall cases, begin by
accessing the inverse
normal function
through the sequence

[ 2nd Jvarsy 3

irHormcll

2. | The parameters for invNorm are (probability less
than, mean, standard deviation).

&3 B & &3
b €9
@ CB ©»

m
Z
=
m
-

The answer is a = 335.5.

Task B:

If the probability of greater than b is 0.10, the probability of less than b is 0.90.

1. | Inall cases, begin by
accessing the inverse
normal function
through the sequence

D D ED
2 €3 €D €D ED
B B &9
b B

m
z
5
m
=

The answer is b = 628.2.

inwHorme . 85, SEA,
18685
5 333.0146374

irHormcll

gHDFNﬁ.?:EEE:l

in
(a]%]
x 628, 1351567
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Irwverse Hormal

B )
Execule

Inwverse Hormal
x=335.51

Find the value b, if 10% of the values of X are greater than b

Inwverse Hormal

P 565
Execule

Inwver=se Hormal
=628, 15
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

TaskC: The middle 50% of the values of X lie between ¢ and d. Find ¢ and d

1.

The probability of less
than ¢ must be 0.25 and

less than d must be 0.75.

dc:

c=4326

_|
o
s}
=

; ‘:ll:,lll

=1 w

m

;U

Change the 0.25 to 0.75.

EDaEB<0 0

irHormcll
invHorme . 25. SEA,
18685

5 432.3518251
invHorme . 25. SEA,
18685

] 432.95168251
invHorme . 7S, SEA,
18685

5 SE7. 4489749

Boundaries for area will
be values separating
the bottom 25% and
the bottom 75%.

Tofind c:

Change the 0.25 to 0.75.

Inverse Mormal

P : S0
Execute

Inwverse Hormal
=432, 55

Inwverse Haormal
=567, 44

The answer is d = 567.4. So the middle 50% of values lie between 432.6 and 567.4.

Drawing box and whisker plots

Task A: Draw a box and whisker plot to represent the following data

X

48

Y=
Remove any stored
graphs.

Flokl Flotz Flokz
=M1=l
wMNe=
M=
wMy=
wMe=
“NE=
M=

Change the window settings to:

Xmin=0
Xmax =5
Xscl=1
Ymin=0
Ymax =10
Yscl=1.

15 12

DO

Remove any stored
graphs.

Gr-arh Func

ISELHEDTW

Change the window settings to:

Xmin: 0
max:5
scale: 1

Ymin:0
max: 10
scale: 1.

2=

HEHR [oRAL
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3. D 6D
Note that if the exercise
on drawing histograms
has already been done,
the values will already
have been entered.
If this is the case, go
straight to step 5.

4. | Enter data into List 1.

mMEmMm
Z1z
=1 E]
mEgm
=) &

m
Z
=
=1
=

!Hlﬁi!alH!‘I
=
Z
=
m
=)

[a]
Z
=
=
=

5. | Enter data into List 2.

)
m.l\)
Z
=|
<

o =i
= m
=1 =
m
=

m

Z

=

m

=
m
Z
=
m
=

Al 2nd L Y=

7. to select
Honll‘

g ©0 0 0 0

Using the TI-84 Plus SE and the Casio CFX-9850 Plus

1| G D

Clear any data currently
in lists.

(AR ol ralr

for each list that

contains data.

L1 Lz Lz
| [ .
LIl =

L1 Lz Lz

1| | Enter data into List 1.

Liia1=
L1 Lz Lz z| | Enter data into List 2.
% e | C O D
| O D
------ VOO
LziGY = L 1 QL 2 JExE]
DD

L1 Lz =
2:Plot2 0ff
L1 Lz =
JtPlotZ 0ffF
L1 Lz =
dLPlots08f

Flokz  Flotz
ﬁ ¥
aFed B = dhy
HH HIH [
alistilq

Vlistilz
Mark:s B +

Flokz  Flotz
EDFF
el b =
|,u.|..

¥liztiL1
Freq:ilLz

O

— I =
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nEcwm—

[5RTA [FRTO [DEC = [ I

|List I|List B|List | List U]

a a
3 3
y y
5 5
&/ I
[GRPHACALCITESTATHTR I IS T Jaa

|List I|List B|List |List U

2 a q
a a 15

y u 12

5 5 y

B ]
[GRPHJCALCJTEST INTRJDTST ST
R wFE  SHIZ
Alist ilistl
Freauenc tList2
[GFAT [GFA@ [GFAT
StatGrarhl

is tlis
Fredquencs tList2
Out.lier=s aff

[RizT e [Box HDEEFERD T

T

1URR
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Entering matrices into the calculator

Task A: Enter the following two matrices: A =|3

1.

50

EDEDI ED

'Hi'l’
My m
zlz
=1 =
mygrm
= A =

Enter the values for

matrix A.

!H
m
Z
=
m
=

T
|Ii
m m
= =
m m
A =

m
Z
=
m
=

ENTER

lllia

m
212
= E
)

|HH !Hili’ 'ilili

—
= | 10
o

.H

x'l

‘IIEH
m
Zz
=
m
el

[as]
Z
=i
m
e

l:, 'I"EH

ENTER

' &

m
Z
=
m
-

MATRIXIAT 1 x=1N
[i 1

MATRIXIAD 3 x3

[ . 0 1
[0 0 0 1
Lo 0 0 1

121=1

MATREIXIA] 3 =3
A
[E z ﬁ_l
Xax="7

MATREIXIB] 1 =1
[ P 1

121=1

MATRIXIE] 3 1
[ P

[0

]

121=1

MATRIXIE] 3 x1

i ]

xa1=8

2 5 -3 7
-4 1|, B=|10
5 2 -7 8
@ e fatiix
2 one
Mat. C Hore
Mat. D Hore
Mal. E Hohe
Mat. F Hore
[DEL JOEL#
‘lg’ ‘iﬁ? A 1 2 3
1 I [ 1
© D {r 1]
5}
[2T=7 [P (T
Enter the values for FII I - 2 - a_a
matrix A. :[ 3 .]
D D .
o @ [2T=7 [P (T
@ VO
®© O
@POD
D D
o D
D D
@ VDD
@0 Hg%r‘lx 3
= s Hone
Mat. [ MHore
Mat. E MHore
Mat. F Hl=131=)
DEL
®© O B
1 I
@ D 1]
5}
R-oRJROldCOL
LD G B
DO D [
| 8 e .
[R-ORJROLLICOL S
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

7. | If needed, (] If needed, (G @D to
to get back get back to the home
to the home screen. screen.
Matrix algebra
Enter the following matrices, using the procedures outlined in the “Entering matrices into the calculator” section.
2 5 3 7 -9 19 7 8
A=|3 4 1|, B=|10, C=]19 -6 —-7| andD=] 5
5 2 - 8 -11 16 -3 -9

Task A: Enter the matrices C and D into the calculator. (A and B should already be
in the memory from the above exercise. If not, enter them again now.)

1. CDED O METRIZICT 1 =in | @ & O O M A o3 3
[0 1 Mat. B L |
e e
Mal. E Mahe
Mat. F Mahe
DEL JUELAJ
2 MATRIAICT 3 | € €D T i
ENTER [ (o— P DD 10 o ﬂ]
(] ] ] 1
5}
[ I (I
1:1=H@

3. | D €D G mATRIAIC] = =3 | @ €© € e i
(1 ] 9 o Egzi iE EE i O :[ A -:1]
- ENTER "@

[ 9 JENTER L O JLEXES (3 (I B
Ta.3="3 @ o @
ENTER @ VDD
(o J 1 J 1 JeTeR POOD
[ 1 ] 6 Jevier] DO
@D
4 | CDED O FATRIZIO] 1 =i | €D @ et & 3
[0 1 Mat. B w1
Mat. C X3
Mat. Nane
DEL JDELAJ
5. ENTER MATRIZ 0] 5 =1 | € €D ", -
[ 1 JENteR E%_ i | 1 JEXES : ﬂ]
5}
[ I
1:1=H@
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

c. D G MATRIXID] = =1 | € G b —=
1. | @D |
DEpED |- | oD
-3
F-oEdRon Jool g
xa1="49
Task B: Calculate 3B — 2D
1. IIET-Z[01N DOD
2
A new Iistsf opt:]ons
?ppeérsakovet N [T [T [T £
unction eys.
The matrix calculations
can now be done.
2. FIET-Z10] DOODO g
s  o@e@ 1 W
3211 | D D
n [CETA [ (o T B
5
The answeris 3B —2D =120 |.
42
Task C: Calculate 5SA + C
1. ZIET-Z 0] ORI |atEatd
15! DO@ME S e
[42]1]
S[AI+ICIN
[zt ] ML [ Det] Trn (US| e
IRl ENTER (5 1 L EXEJ fins__1 2 3
EE%%] — ZS]
El L'} 2B -38
S[AI+IC]
[[1 44 -3 1] 1
Eﬁ 2—%6 :%E%] [Fiat s oet ] Trn [Fus e
[ |
1 44 -8
TheanswerisSA+C =124 -26 -2
14 26 -38
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Task D: Calculate the product of A and B

1. s, Dy =t E‘f”"‘*‘ " bone
FEI XY oo sMat fetat o o
S[AI+IC] Mat AxMat B
[[1 44 -3
24 -26 -2 [ETA [EM [GEA KA EE T &
14 26 -3811
[A] [E1N
2. [1L_44_ & G sl
54 -26 -2 -
14 26 -3811 3 ll]
[A] [E] [ (48
[-11 e
[-1 11
[ |
40
The answeris AB =| —11 |.
-1
Finding the determinant and inverses of matrices
2 5 3
let A=|3 -4 1
5 2 -7
Task A: Find the determinant of matrix A
1. | Enter the matrix A as outlined in the “Entering matrices into the calculator” section.
2. EDED 0 det (R Y DY Det Mst A Lo4
5 19 DO O @
D D
[Mat [MaLlDet ] Trn AU S e

The determinant of matrix A is 104.
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Using the TI-84 Plus SE and the Casio CFX-9850 Plus

Task B:

1.

2.

The image shown here
is from a GDC set to
display numbers to two
decimal places. (This is
done by pressing
then setting the float to
two by pressing

Find the inverse of matrix A

ECI ENG
FLOAT oiBAzuce7 8Nl
DI DEGREE

FAE FOL SEW

SET CLOCK e Tl (b T He] ) |

0 0 0 GB
0.25 0.28 -0.07
The inverse of matrix Ais | 0.25 0.01 -0.11 |.
0.25 020 -0.22

54

Ans | 2 3

{Top e ]

1.4
[EETA EM [0 EE EE T
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Mathematics HL/SL: graphic display calculators—teacher support material

Assessment and the GDC

What students should write down in examinations

The current group 5 mathematics objectives state that students should “organize and present information
and data in tabular, graphical and/or diagrammatic forms”, and “formulate a mathematical argument and
communicate it clearly”. This means that it is important for students to learn to communicate effectively in
examinations.

The assessment model has changed from previous mathematics courses, and students are now expected to
show their working on all papers to achieve full marks. For mathematics HL and SL paper 1, it is no longer
the case that full marks will be awarded for providing the correct answer only. To receive full marks on any
question, the correct answer will generally need to be supported by suitable working.

The discussions about what students should write down in examinations have been going on for a long
time, even before the advent of the GDC. The answers to the questions “What should be written down in
an examination when | have used a calculator?” and “How do | show my working?” also apply to situations
when a calculator is not used. The important factor is good communication.

Example question 1

In an arithmetic sequence, the first term is -2, the fourth term is 16, and the nth termis 11,998.

(a) Find the common difference d.

(b) Find the value of n. [6 marks]
Write down Rationale
w==2u =16.u =11998 Write down the given information in
1 %4 >%n
mathematical language and write down
u,=u, +(n—1)d any relevant formula.
@) 16 =—-2+3d (This gives d =6) Set up the equations.

b  11998=-2+(n—1)6

Use an equation solver (this example uses
the Casio 9850+) to compute.

@) d=6 Write down the answer.

(b) n=2001 Check that the answer matches the
question asked and contains no errors.
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Assessment and the GDC

The first step in answering most questions is to extract the information, select an appropriate strategy, and
then use the information. Quite often, this involves rearranging the information into a form that is suitable
for use. When using a GDC, the information may need to be written in a form suitable for input into the
GDC—what some teachers call “getting the question calculator ready”. For example, if asked to find the area
between curves, students may need to identify the points of intersection and make a note of these. They
should also communicate that they are using a definite integral between appropriate limits to find the area.
The first part of a question may ask them to write down an integral representing the area but, even if it does
not, this should be one of the first steps. Therefore, in the first part of the answer students should explain in
mathematical language (not calculator notation) what they are doing.

Students need to give enough information so that the important steps in the solution are apparent.
However, it is not necessary for them to write down every single algebraic or arithmetic step. Copying all
results from the calculator onto paper would interrupt a chain of thought, be time-consuming and probably
increase the likelihood of errors occurring. The challenge is to determine what constitutes an appropriate
solution. Teachers should encourage students to identify “key features” of solutions, and make sure they
write these down.

Over the last few years, discussions between examiners and teachers attending meetings at the International
Baccalaureate Curriculum and Assessment Centre (IBCA) have highlighted that there are many different
approaches possible. There are innovative and interesting ways of using a GDC to answer questions that
most people would have thought could not be done on a GDC. Various people have been asked to share
their thoughts, and some of these appear in this document.

Example question 2

A farmer owns a triangular field ABC. The side AC is 104m, the side AB is 65m and the angle between these
two sides is 60°. Calculate the length of the third side of the field.

Write down Rationale
A AC=104m Draw an appropriate diagram.
C
60
AB=65m BC

Identify and write down the appropriate
rule to be used (cosine rule).

a’ =b* +c* —2bccos A

Two likely methods are possible.

Method 1

Write down

Rationale

BC? =65 +1042 — 2(65) (104) cos 60°

Substitute in rule.

BC? =8281

Compute.

BC =91m

Write down the answer.

56
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Assessment and the GDC

Method 2

Write down Rationale

0=b>+c> —2bccos A—a’ Bewrlte the ru!e equal to zero and enter
into the equation solver.

ERUATION SOLVER
ey @=0+C2-2BCC
osCRI—HE

(TI-84+SE)

BC =91m Highlight A and solve.

Be+CE ;EECEDS C.=@

Write down the answer.

Note that there is generally no “right” or “wrong” use of the GDC. Some questions are written so that they
can only be answered using a GDC; some can be answered with or without a GDC, and others are meant to
be done analytically.

In particular, it is not appropriate to use a GDC for a question that asks for an exact answer or uses the
command term “show that”.

“Show that” and answer “carried forward” = find questions

The style of setting several parts to a question often requires students to “carry forward” an answer from
one part of the question to another. This “carry forward” plays an important role in the remainder of a
question; the answer is often provided and the command term used is “show that”.

In this situation, teachers should advise students to treat it as a “find” question even though the answer
is given. It is a good idea for students to use the given answer as a check that they have written down the
question correctly. Even if they fail to do the “show that” part, they should still use the given answer in
subsequent parts of a question. The examples below demonstrate what students should write down when
answering this type of question and when it may be appropriate for them to use a GDC.

Example question 1

1
The function f'is defined on the domainx >1 by f(x)= ﬂ. Let R be the region enclosed by the graph
of f, the x-axis and the line x = 5. X

(@) Find the exact value of the area of R.

(b) The region R is rotated through an angle of 27 about the x-axis. Find the volume of the solid of
revolution generated.
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Assessment and the GDC

Write down Rationale
(a) Write down an appropriate mathematical
slnx formula representing the area.
Area = _[1 —dx
X

Using the GDC to compute the integral would be inappropriate in this part since the question demands
the exact value. An appropriate use of the GDC might be to check the answer.

1 Either
u=Inx,du=—dx ) ) o
X Find the integral by substitution/
inspection.
2 Inx)’
Judu =—]|= ( )
2
mx) | 1
nx 2 2
Area = 2 ——((lnS) —(lnl) )
1
1 2
Area= —(In5)
1 1 Or
u=Inx,dv=—=du=—,v=Inx
X X Find the integral I by parts.

I:uv—judv:(lnx)2 —J.lnxldx:(lnx)2 -1
x

1 2
:>2I=(1nx)2 :>]:(nx)

= area =

1

1 2
Area= —(In5
rea 2(n)

The appropriate use of the GDC in this
example might be to check the answer.

frlntcolncky <K,

na1.50

1.2951435197

Slncoae
1.2951435197
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Assessment and the GDC

In part (b), the GDC is appropriate as a computational tool for the definite integration.

Write down Rationale

(b) Write down an appropriate mathematical
b 2 formula representing the volume.

V= f ny dx
a

s (Inx ’
=I n(—) dx
1 X

Write the integration with the values
given within the problem.

Use the GDC to calculate the definite
integral.

ISR
rESd41462

fhnlntome
t,¥.1.52
1.3

=1.38

Write down the answer.

The GDC also provides the opportunity for highly original and sometimes very unexpected solutions.

Example question 2

The continuous random variable X has probability density function:

f(x)=éx(l+x2) for0 <x <2,

f(x)=0 otherwise.

Find the median of X.

Write down

Rationale

The median m satisfies

Write down an appropriate mathematical
formula representing the median.

=Sm*+2m*-12=0

o+
m? =# —~2.60555...

17 1

—J(x +x7)dx=—

67 2

m: omt One method would be to evaluate the
7"‘7 =3 integral and solve it algebraically.

m = 1.61

Write down the answer.

An alternative is to use the equation solver. Note that the first step of writing down a mathematical formula
does not change, even when using the GDC for the majority of working.
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Assessment and the GDC

Write down

Rationale

The median m satisfies

1t
g-o"(x+x)dx—5

Write down an appropriate
mathematical formula representing the
median.

Jr+x)dx-3=0
0

Simplify and rewrite equal to zero.

Enter x + x° as Y1. Then enter the
expression into the equation solver
(shown below on the TI-84+SE).

EGQUATION SOLVER
cani B=EnInt V. 8
2B M2-3

Highlight and solve for M.

fnlntoy .5, 8,..=8

=1l
M=1.6141720092,
bound=<-1g99.1..

m=1.61

Write down the answer.

60
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Mathematics HL/SL: graphic display calculators—teacher support material
= i Ll W

Some ”GDCTeaching_'-'_ rc A

This section focuses on the use of the TI-84+SE and Casio 9850+ calculators when teaching the mathematics
HL/SL core syllabus. Four simple teaching examples are presented below, with calculator instructions.
They are intended to help teachers who have limited experience of using GDCs to appreciate the GDC
as a teaching tool. Teachers should refer to the manufacturers’ web sites for additional GDC material and
tutorials. Third-party web sites also provide a large amount of GDC material and teaching examples.

Using the GDC in the classroom

The GDC is most often used in the mathematics classroom to draw graphs and to analyse functions.
Occasionally, it is instructive to tackle problems that lack straightforward algebraic solutions, taking
advantage of some of the alternative teaching approaches that are possible using GDCs. An example is the
“solve” question below, where many approaches could be used.

Solve for x:cos x =x.

Examples of using the GDC

Task A: Let Y1 represent the expression on the left and let Y2 represent the expression
on the right. Graph both and look for intersection(s).

TI-84+SE Casio 9850+
Press Result Press Result
1. | R Flatl Fletz Flets DD SrEEh Fune  =v=
~ABcos (R W EE
Remove any stored S E Remove any stored :
graphs. :ﬁﬁ:. graphs. VR
ez D DD [eEr MEDIE R
7= D D

m
Z
=
m
el

2. | Change the window settings to: Change the window settings to:
Xmin =-2m Xmin:-2n
Xmax =2n max : 21
Xscl=m/2 scale:m/2
Ymin =-2 Ymin: -2
Ymax =2 max: 2
Yscl=1. scale: 1.
D —— g afh e depess
Pha—e sizi0e7 | @D €O D D Soalefl.5TETIESZ
hecl=1.5707563 D vain " 22
min=-
ENTER Yrax=2 VOOHDD -
= teoa=il D
QYOO
@ VO
D CO
[ 1] D E
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Some “GDC Teaching Moments”

3. DG

NS RN -
AW, N

s @O B ¥
N M NP L

U U H=0. 'I!!I]BEI!!l\EI].::;I]_B;gs!EECT

Inkgrseckion
W= FZE0BELE IV=.FEE0BER1:

Task B: Rewrite the equation, cos x = x, letting Y1 represent the difference, cos x—x=0.
Graph the Y1 and look for zeros

Grarh Func &Y=
I V- Flotl Flotz Flotd venUX 5 h
“W1Boos(H—H o ——
Remove any stored ~Ne=N Remove any stored it
graphs. :ﬁﬁ; graphs. E
COEEEd | :: DD [0 EWE I
~e=
7= D D
2. | Change the window settings to: Change the window settings to:
Xmin =-4 Xmin: -4
Xmax =4 max: 4
Xscl=1 scale: 1
Ymin=-4 Ymin: -4
Ymax =4 max : 4
Yscl=1. scale: 1.
o o @ @ g i
rmin=- 14
ENTER ﬁma:i:mir @ OcD VEEEIE“ L
=c]l= mlm E -
ENTER Ymin= -4 o @ max fd
[ 1 JENTeR $NET=? P D -
scl=
(=) Hrez=i L (—) A 4 XExe]
O D
i @ D
s LX)

N —

@

4 ®0® Q
Ensure that the cursor \\-—__\ -

is to the left of the root, \
RonT
then . \ 4=0.73908513331 V=0
vz

0 until the cursoris to | |§sanaesz
the right of the root then

(ENTER ] again when

the cursor is close to the

root and the prompt

asks for a guess.
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Some “GDC Teaching Moments”

Task C: Use the solver to solve cosx —x =0

1. = EQUATION SOLVER DDODO T
e =
@

ETIER S LAEER: IEEE e

B cos Dxten] ) T — BRIE=ERERT)

= —=
A=E73982513321

A, 7398251332
ENTER bound={-1e23,1| D € O D .
(> R0 X > X 1/

?nlve(cns A-F.B.5,8,1

) X EXEJ olueldidadivvin] o I

Task D: Find the equation of the tangent lineto f(x)=-x"-x+6 at x = 1

Although a GDC is often regarded as a “graphing calculator”, its functionality extends well beyond routine
graphing applications. For example, a built-in function allows students to find and graph the equations of
tangent lines, and some models will even give the equation.

+10 +10
L - Flatl Flotz Flots VinUg 5 rgeh, fune 1v=
' ~i B -2 —EEE
Remove any stored :3 : ;. Remove any stored ﬁ%i
graphs. ity = graphs. Wi
xﬁs: [ZEC AW LR H R
xren] v 1 — JRINGE

/ A

L [N

3. @@ Vi=-Re-kes
/‘»\ an

JAN —71x

The equation of the tangent lineis y = —3x + 7. The Casio 9850+ will only give the gradient for a
By entering a new value and then ElE) new given value of x.

values of x can be selected and the new tangent

line (@and equation of the tangent line) will appear.

o

Note that the list, matrix and statistical features of the GDC, used singly or in conjunction with each other,
provide potential for additional teaching examples.
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GDCs are sophisticated devices with inner workings not very different to those of a personal computer (PC).
A GDC has hardware and software running different levels of programming. Teachers should be able to
manage the memory and functionality of the GDC used in the classroom and in examinations.

A GDC is capable of displaying tabular, matrix, list, geometrical and graphical representations, in addition
to having all the functions found on scientific calculators. GDCs can also run programs and flash ROM
applications (Apps).

Not all programs or Apps are suitable for use in examinations (see the list in the Vade Mecum). Not all
GDCs are suitable for use in examinations that require GDCs (mathematical studies SL, mathematics SL,
mathematics HL and further mathematics SL).

All students in the Diploma Programme will require a calculator for one or more subjects. It is strongly
recommended that students have access throughout the subject course(s) to a single GDC from the list of
recommended models (see the list in the Vade Mecum).

Basic terminology related to the GDC

This section contains descriptions of key terms and information to help teachers manage the memory and
functionality of a typical GDC. Understanding these terms will be of great help in successfully managing
GDC use in examinations. While models vary, what is possible on a GDC relies on the hardware, the operating
system (OS) and the application programs available.

Hardware

The GDC hardware runs the instructions contained in the code of the OS and other programs in the memory
of the calculator. The central processing unit (CPU), along with the amount (and type) of available memory,
determines what kind of code can be run and how fast.

Operating system

A GDC comes with an OS developed by the manufacturer specifically for that model. What is often referred
to as the “functionality” of a GDC is based on instructions contained in the code of the OS. All this is located
in the main memory of the calculator. The functionality of the OS is limited by the hardware and the size
(and type) of memory of the calculator. Using the calculator does not change the OS code, but it is possible
to replace (or update) the entire OS. Some manufacturers provide OS upgrades via the GDC-computer
link, and third-party OS are available for some models. Changing the OS may significantly change the
functionality of the calculator. Third-party OS may permanently damage the hardware of the calculator.

Verifying the version of the operating system

Texas Instruments Casio

Go to About Memory

mend. FROD$: 0§.231 nz-1E
I0: OAEF1-FEFIO-E98E

Refer to the manual for
older models. Helr: gducation.ti.com

. . OS is generally fixed and cannot be altered.
TI-B4F1us Silver Edition
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Memory

GDCs have different areas within their hardware to store data and code. The available memory on GDCs
has recently become quite large, permitting the expansion of the OS and the ability to store a number of
different types of programs and data.

Main memory: The main memory contains the OS code and is not managed by the user, apart from
loading alternative OS versions.

Random Access Memory (RAM): Computations, lists, variables, data and programs can be stored in the
RAM memory.

Archive (Flash Read Only Memory (ROM)): Variables, programs, Apps, and groups can be stored in the
archive memory. Not all GDCs have ROM memory.

Functionality, programs and flash applications

The relatively recent introduction of different storage areas and types of code that can be run on a GDC has
understandably resulted in some confusion about what a “program” is. The type of programs on a GDC, and
their level of sophistication, varies greatly, but can generally be classified by what data the program makes
use of, where/how it is stored in the memory and the method that is used to generate/create it. Programs
are widely available through the Internet and can be shared using GDC-computer links or GDC-GDC links.

Hardwired programs

The OS code itself is technically a set of programs located within the main memory. The OS, and any other
programs contained in the main memory, are often referred to as “hardwired programs” (even though this
distinction is technically incorrect). For example, the “program” Finance appears in the Apps menu of the
TI-84+SE but cannot be removed using any type of reset. This is because Finance is actually part of the
hardwired OS and is not an Apps. Tl simply ran out of buttons and needed to create a place from which the
program could be easily accessed.

RAM programs

A program stored in RAM is referred to as a “RAM program”. These programs are written in one of two
programming languages: “Basic” or “Assembler”. RAM programs are most often student-generated and are
typically keyed directly into the calculator’s program editor, which uses a simplified version of the “Basic”
programming language.

More commonly, the RAM programs found on the GDC are written on a computer using the “Assembler”
programming language and can be shared and downloaded from the Internet using a GDC-computer link.
These programs can change the functionality of the GDC.

FEGH
RAM programs run from the button on a Tl calculator or from the menu icon on a Casio calculator.

The names of these programs should appear when verifying the RAM memory. A RAM program name can be
modified, therefore, the name of a program that is displayed does not necessarily confirm its functionality. It
is sometimes necessary to run the program to check its actual functionality.
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Verifying the RAM memory

2.

Reset Defaults will give the default window, which | On a Casio, Memory Usage will list programs and
includes memory usage and programs list.

FAM FREE 17872
ARC FEEE 4806412
¢ WECTORS a7

VECTRWIZ 2651

This is a very similar task on almost any TI GDC.
You may find you have to search in a number of
menus to find the memory information required.

data stored in the calculator.

DD

to access the Memory
Usage screen.

Memor: lsage

alistics :
Materiz :2TH
T 188

List File

H T
23635 BrtesFree
DEL

Use Program to list any programs loaded on the

Casio.

OO
@D to access the
Program List screen.

Resetting the RAM portion of the memory removes all RAM programs.

Program List

Ha Programs

HELL

Resetting the RAM memory of the TI-83/84 family of models

66

then to

access memory
functions.

to access Reset
function.

@ o resetall RAM
memory.

to confirm Reset
RAM.

tMem Mamt-Del..

JiClear Entries
4:ClrAllLists=
StArchiuve

&: UnArchive
TReset..

ARCHIVE ALL
11 RAM..
t0efaults.

D
g=RESEt

Eesetting EAM
eraszes all data
and Frodrams
from RAM

TI-B4F1us Silver Edition

EAM cleared
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5.
will display full RAM and
no files.

RAM FREE 24250 TI-84+SE
RAM FREE 24289 TI-83+SE
RAM FREE 24303 TI-83+

or will display the s EOIT HELW
screen with no programs
listed.

FEAM FEREE 24230
ARC FREE 138274

Resetting the RAM memory of the Casio CFX-9850 Plus/FX-9750 Plus/
CFX-9950 Plus/FX1.0 Plus/Graph 65 Plus/Graph 35 Plus

Press Result

1. | Locate the Reset button
on the back of the
calculator. P button

2. |Use a thin, pointed BT T T
object to press the B e e S e
RESET ALL MEMORIES?

Reset button. The Reset

) . . [F1] [F&]
confirmation screen will YEZ RESETALL [No
appear on the display.

3. @

A K K R R K

*: &
* *
* *
*  MEMORY CLERRED! *
* *
* *
*: *

If the display appears to be darker or dimmer after you reset the calculator, adjust the colour contrast. The
model shown above is the CFX-9850+. See the manufacturer’s manual for instructions for other models.

Flash (ROM) applications (Apps)

“Flash (ROM) applications” (Apps) are sophisticated programs written by expert programmers. They are
stored in the flash ROM memory of the GDC. Many Apps are updates of previously common RAM “Assembler”
programs and hence have similar names and functionalities to these older programs. (Some of these older
programs, such as Solver, have now been incorporated into the 0S.) Most Apps run/install from the Apps
menu, which can be accessed by pressing the button on a Tl calculator. After they are installed, some
Apps change the functionality of the buttons and are run by special sets of button sequences. For example,
once installed, the Apps “Catalog Help” is run by pressing when a function is selected on screen.

The TI-84+SE is packaged and loaded with a number of Apps. Packaging includes a GDC-computer USB link
cable, a CD-Rom containing GDC-link software and backups of all the Apps. Hundreds of additional Apps
can be downloaded from the Internet using the GDC-computer link and installed on the GDC by pressing
one or two buttons.
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Most Casio calculators do not have ROM. One model that does have flash ROM is the Casio FX1.0 Plus. Casio
flash ROM applications are called “add-ons” and are available as downloads from one of the Casio support
web sites. Installing the add-on introduces a related menu icon on the main menu screen, which can then
be selected to run the program.

Resetting the flash (ROM) memory of a Tl calculator removes all Apps except “Finance”. Finance, as noted
above, is a hardwired program but appears in the Apps menu for users’ convenience. Casio models must be
initialized to remove the add-ons.

Removing Apps from the ROM memory of the TI-83 Plus/TI-83+SE/
TI-84+/T1-84+SE

1.

68

then

to access memory
functions.

to access

memory management
functions.

then Q@D to

view Apps in calculator
memory.

(The Apps displayed
on this screen may

be different to

those found on your
calculator.)

@ and @ toscroll up
and down to select the
Apps to be removed.
Arrow indicates
selection; on this
screen, the Apps
CabriJr has been
selected.

to delete the
Apps selected. A
confirmation screen
will appear.

tMem Mamt-Del..

iClear Entries
tClrAllLists=s
fArchiuve
tUnArchive
TlReset.

[T Y]

FEAM FREE
HEC FREE
Eﬂﬂllm
tReal..
tComFlex..
4:list..

SiMatri=...
&Y -Yars..

22460
138274

[

EAM FREE 22450
ARC FREE

rkALG1ICHS
*ALG1PET1
#HreaF orm

#CSheet.[e

3

[=}wtal

16324
#*CBL-CER 153384

49152
#CSheetEs 49152

EAM FREE
AFC FREE 2
#CSheet.[e
#CSheetEs

r+CabriJr
#CelSheet

22460
26134
49152
49152
#CSheetFr 42152
Sttt )
49152
327eE

#Conics

ﬂﬁﬁa
tYes
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6. to confirm EAM FREE _ZZd4ER
. ARC _FREE 285730

delete. Updated display || #CShestle 49152
of Appsinmemory || JEENSELES 23189
will appear after short ||¥#CelShest. 49152
#Conics JZ7TER

pause. The Apps #Ct1oHelr IZ7EE

deleted will no longer
appear. Repeat until

only approved Apps
remain.
7. to check Apps
. 1nance...
available on calculator. |[Zt CEL-CER
JiC5hestDe
4:iC5hestE=s
SiCShestFr
5iCelShest
rdConics

(Note that Finance will not appear in the memory screens, but will only appear when is pressed.)

Initializing the RAM and ROM memories of the Casio FX1.0 Plus

Press Result

=
1@ P,

'r

1
RECUR CIZIHICS ERLIH FRGM

Tk E"ﬁﬂ

Use the areys to g MATH MENU J////f/ﬁr’{

highlight =5
i Sw=tem Manager
3. | @ toactivate the Bl oo Azes
tContras
System Manager. F3ffute Fower Off
Fd4:Lan3ayage
F5iRe=set
Heml < [AFD ILandlkesed
ERE e R PR
4. @ * RESET *

*********************
tS5etur Data

F2iMain Memories

E3i5torase Memories

Fd:iInil.ialize

I (T T T

5. | @ toactivate Initialize. | *

Initialize confirm will x INITIALIZE? &
F
F
F

EX

appear in display. IS

TTTT I T T

=AU ManIstralInit

6. @D toconfirm

Initialize.

If the display appears to be darker or dimmer after you reset the calculator, adjust the colour contrast.
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