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The gatigtica, graphical, and symboalic capabilities of the TI-89 make it a powerful tool for investigating and
developing mathematica concepts. In this session, we will explore some of the main feetures of the T1-89 and
work on some activities desgned to help develop students' understanding of various concepts and procedures
in pre-caculus and AP caculus.

TI1-89 Preliminaries

The ON key isin the lower |eft corner.
Theblue [ ENTER| key isinthe lower right corner. Other blue keys include the:

F1-F5 keys, just below the screen, which are used to access menus displayed at the top of the
screen,
four arrow keys, at the top right, which are used to scroll around the screen,

ESC | key, a thetop middle just to the left of the cursor keys.

(applications) key, just below the key, which acoesses amenu of different T1-89
gpplications for the user to choose.

AFFLICATION= AFFLICATIOMS
iy= 1t.or W= 1tar

Jillindow Editor Jillindow Editor
d:Graph 4=EPaTh
2:Table 2:Table ) )
&i0ata-Matrix Editore &:0ata~Matrix Editor #
FiProgram Editor k FiProgram Editor k
SdText. Editar k S2lText Editor k

HAIN EAD AOTO FUMT HAIN DEGALTO FUML

APPS Menu for older TI-89 code APPS Menu for newer T1-89 code

Theydlow |2nd| key isused to accessthe yelow “functions’ of each key.

The purple alpha key is used to access aphabetic characters shown in purple above certain keys.
Pressing the alpha key twice locks the calculator in “aphabetic’ mode.
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The[ @ | (green diamond) key is used to

access the green “functions’ of each key.
Due to space limitations, the green functions
of certain keys are not displayed next to the
keys. Pressngthe”™ key andthenthe EE

key will display the green “functions’ for these

keys.

F _ _ _ il _
E 2 GREEK @ SVYSDATA ! j
1 ] 1 1 [E]
FMT _KEDFRGM7 -8 &
1 ]
SYME _KEDFRGH 4 - 6
EE] [x] [E] [E]
2 _KEDPRGM1-3
Ll [E]
OFF = = HOMEDATA
N [o] —
USE [#1 [KEV5] OF [ESCI=CANCEL

Contrast is adjusted by holding down the™ key and pressing either the + key to darken or the - key to

lighten.

Setting Modes. The MODE key isbelow the alpha key in the upper left. Pressing this key will accessthe
different settings possible on the T1-89. To change any of the MODE <ettings, first scroll to thet setting, then
presstheright arrow key. Thiswill open a submenu that shows the different possibilities for that particular

SHting.
I- ITULE J I- IUUE 'J
Fi Fz Fz Fi F& Fx
Fade 1|Fade z|Fade 3 Fade 1|Fade z|Fade
1C] o ] 1 DIFF EGLUATIOME *
CUFFenk Folder....... rdin #
Displaw Didits........... FLOAT B *
AT e EADIAM +

Exponential Format WORHAL +
Complex Farmak ...

KEAL *
- Weckar Format....... RECTAMGLULAR *
Frekky Frink............ OM *

Ty E Enter=sAYE ESC=CHMCEL 3 &
HMAIN FAD AUTO OE

: FOLAR
: SEGUENCE

30
:0OIFF ECIIATIONS

Enkgr==RYE EZC=CHMCEL
HMAlIN FAD AUTO OE /0

To select anew setting, ether press the number of that setting, or scroll to that setting and pressENTER. The
submenu will disappear and the new setting should gppear on the MODE screen.

Tt Enter=ZAYE

EZC=CHMCEL 3,7

U%E + AMD + TO OFEM CHOICE:

|. TUNE J |. TUNE
Fi F& Fx Fi F& Fx
Fadg 1|Fads E|Fads = Fadg 1|Fads E|Fads =
GFAFH .o |iI|‘.,|z|_!|l|:|-} = Lplik fCFegn............ LK

urrent Folder ....... Wdin Fli [ 0T

i kFald PNt 1lA *
Displaw Didits........... FLOAT B+ S . &P . RN
Andlx...... s RADIAM * Rifafa v il
Exponential Format MORFAL * Leanhol L MheLIDm
Complex Farmak..... REAL + Bl e . DA, it .
Weckar Farmak ... RECTAMGLULAF + » EXOCR/RRRFON ... AUTO *
Frekk» Frink........... OM * L: |1 DEC +

Tt Enter=ZAYE EZC=CHMCEL 3,7

U%E + AMD + TO OFEM CHOICE:

The TI-89 has three different mode screens that can be accessed by pressngthe F1, F2 or F3 keys. Once
al the settings are to your liking, pressENTER to save them. If you don't, dl the settings will revert back to

where they were before you accessed the MODE screen. Press HOME to get to the home screen, if you
aren't there dready.
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i HMIODE ™ i HMIODE ™

Fl Fe Fz Fl Fe Fz
Fads 1|Fads 2|Fade = Fads 1|Fads 2|Fade =
+ LELE RCFegn........... FLULL =+ B UI'|||: Ey:t-zr-'. ............. kS
Ep-hl: :I. Hp-p- ............... Hape * PR L SRV LREUTANLTL R
i el L-Jnilu-:lfl-z ................. Endlish &
EH IR ]
AUTO *
DEC +
'\ Enker=>AYE ESC=CAMCEL 3 ) '\ Enker=>AYE ESC=CAMCEL 3 )
FAIN I EAD AUTO FUMC FAIN I EAD AUTO FUMC

Exact vs. Approximate: One of the mode settings, Exact/ApproxX, tdlsthe caculaor how it should do
cdculaions. In Exact mode, the T1-89 will give exact answers only or will give no answer when an exact

answer is not possible (though an answer may exist). In Approximate mode, the TI-89 will give decimd
answers (likethe TI-83). In Auto mode, the TI-89 will give an exact answer if a al possble, but will revert

to decima answers when it cannot (assuming an answer is possible). Note that in Auto mode, you can force
an answer to be in decimd form by inserting adecimd point after an integer in the caculation. Y ou can dso get
adecima approximation of an answer by pressng ™ then ENTER ingtead of jus ENTER to evaluate.

TonTs H1£l-zl:-r'-:| catc|other|Framio|cican e |

Clearing the History Area: If the history area of
the Home screen has previous work you wish to

clear, pressF1 (“Tools’ menu) followed by
8:Clear Home.

. SEUE Eapg A=s...
11 I:ut

Fart
aste
I Delete_ =

MAIN KEAD AUTO DE [ P

Executing and Editing Commands. New commands first appear at the bottom of the TI-89 screen in the
“entry ling’ (the area of the screen just above the word MAIN). Pressing ENTER places the command and
answer inthe “history aregl’. By default the T1-89 isin insert mode with avertical cursor bar. New text is
inserted to the left of the cursor on the entry line. Errors are deleted using the backspace key (the back arrow

key, to the left of the CLEAR key). Pressng the CLEAR key (once or twice) to delete the entire line to Start
over.

Editing Previous Entries. Ingead of usng 2nd ENTER multiple timesto recdl previous commands, use
theup arrow multiple timesto enter the “history area’ of the home screen. With the desired previous entry
or answer highlighted, pressENTER to copy it to the edit line.

Catalog: The CATALOG key isbdow the APPS key. Catdog isan dphabetized list of reserved words
and symbols. Many commands not eaesily located through the T1-89 menus can be found quickly here. 2nd

up arrow or 2nd down arrow can be used to page up or down through CATALOG. The syntax
of the selected command appears at the very bottom of the T1-89 screen. For example, when the command
Icm(ishighlighted, the syntax EXPR1, EXPR2 appears at the bottom of the screen.
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Custom Menu: The TI-89 has a cusom menu (2nd HOME) which contains many commonly used words
s0 you don't have to type them in. The custom menu will replace the regular menu bar at the top of the screen.
To return to the regular menu bar, just press CUSTOM agan.

Activity: Exploring Capabilities
Let's see how the TI-89 handles avariety of caculations.

J5+4/2
1. 100! 2, ATV 3, Je(/-18+2/3
2J2- 45 )
2- i
4. 5. e¥ 6. log(0
4+3i 0og(0)
ap o &2 +60 &p o
7. Cos £+ 8. cos ‘/— ‘/—: 9. tan £+
&2 & 2 : 8125
10.  sin(cos'1x) 11.  sn(seclx) 12.  tan(csclx)

Activity: Solving Systems of Equations

The TI-89 can solve systems of equations (even non
linear systems) directly using. However, we can use the
symbolic manipulation capabilities of the TI-89 to solve
systems of equationsin a manner that can develop, or
assess, students' understanding of the processes involved.
Let’slook ways the TI-89 can be used to solve the
system of equations 3x + 2y = 11 and 2x — 5y = 13.

riy re™ rar

[reuts|maieralcatcfotner|[praranforean ue| |

Boplueli-x+2-9y=11 and 2
»=81-19 and y= - 1719

=11 and Z2x-59=13, {x,4x2

MAIN RAD AUTO DE 1750
Note: A solve( command for solving a system of equations can be found by pressng 2nd HOME to
access the CUSTOM meny, then pressng F2 (Solve) followed by 4: Solve( and ,{X,y}). Thetwo

equations you wish to solve can then be typed in the gppropriate spots in this command.

Elimination Method

Begin by multiplying each equation by appropriately chosen vaues and then adding the equations to “ diminate”’
X. Next, solve the resulting equation for y.

riv re™ =71 FTr rLy re™ =71 Trar

r rar T ragr
[ronts|miacbralCarc|other|[Framinferean ue] | [routs|mactralcate|other[Frarinforean ue] |

W3-+ 2 y=111-2+(2 % - 5h

19-y=-17
B3 x+2u=111-2+(2-x—Sp msoluelld-y=-17,
19-g= -17 gy=-17~19
LT b =Ty =1 B - solwell9%y=-1v7,43]
FMAIN RAD AOTO 3 130 MAIN RAD AUTO 13 FFET
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Oncethe value for y is obtained, it can be substituted into one of the origina equations using the | key. Findly,

the resulting equation can be solved for x. The values obtained for x and y can then be subgtituted into the other
equation to verify that they are a solution to the system.

riv re™ =71 Far ragv |

Tools|a13cbra|Cate|Other |[Framin|cican ue
BsoluelI9-g= -1V, 4
y=-17-19

mIx+2-y=11|u=-17-19

L S el O e B ¥ rEv
L-:--ﬂ: atacbralcatc|other|Framin|ciean e |
S RF LT II[9= - I L%
Irw—-3s19=11

mzolueli-x— 34,19 =11, =)

Tow- 3419 =11 x =81-19
mzolueld k- 34-19=11, x-S u=13|u=-17-19 b
w=81-19 e

=lalu=-17-19 and x=21-19 =lalu=-17-19 and x=21-19
FMAIN EAD ALUTO DE L Pl FMAIN EAD ALUTO DE EfE0

Substitution Method

Begin by solving one of the equation for y in terms of x. Then subdtitute this expresson for y into the other
equation, using the | key obtaining alinear equation in x. Solve this equation for x.
Once the value for x is obtained, it can be subdtituted into the equation for y found in the first step. These values

for x and y can then be substituted into one of the original equation to verify that they represent a solution to the
system.

riv re™ =71 Far

Touls|pnacbra|Cale|otner|pramin|crean ue| | Touls|pnacbra|Cale|otner|pramin|crean ue| |
__La-w—11)
4= z
(3w —-1
meoluel3d-x+2-u=11,y '2'3'=C‘5"=l=13|'=l=—2 b
- 3 . —_ 1 1 .
g = I: }{2 :I 192}::_55-"'2=13
2x—tg=13y=-C3kx—112-9 2x—og=13y=-C3kx—112-2
FAIN FADAOTD  OE 1750 FHIN RAD AUTD  OE T

riv re™ FeTl Tar

r rgr
Toals|idetralcalc|other|Framinfcien ue| |

riv re™ FeTl Tar

r rgr
Touls|nacbra|Cale|other|pr arin|c1can el
plii=TN §

. 193 _ v
solue = - 202 =13,x (3% - 11]
= 81,19 =Y 7 | = 8113

[Zex-11) y=-17-19
my= = | =81-1% R34 2Zou=11]x=51-19 ark
y=-17-149 Lrue

y w=01.1% =111%=01-19 and g="17-19
MAIN FRD AUTO 113 420 MAIN FRD AUTO FUMC EAfZ0

Solving systems of equationsin this manner places the focus on the equation-solving processitsdf and not on
the agebrai c manipulations necessary to complete the process. This makes it possible to assess, or develop,
students understanding of the process without the algebora “ getting in the way” of students success or falure a
solving systems of equations.
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Matrix Methods

c

The coefficients from the system of equations can be entered into the TI-89 as a coefficient matrix i&

CC~

é 1u
olution matrix %38 and stored as variables.

rir L rar r rar rir L rar r rar
[routsfaractraCarelotner|prarinforcan ue| | [routsfaractraCarelotner|prarinforcan ue| |
.[3 2 :I_} [3 2] .[3 2 :I_} [3 2]
M3 M3
2 -5 2 -5 2 -5 2 -5
[F,232, "5]1+ma [F,232, "5]1+ma
MAIN B FAD AT FUNE VT, MAIN B FAD AT FUNE VT,

Then the simult command can be used on the variables or on the matrices themsalves to solve the system.
Or the two coefficient matrices (either the variables that represent them or the matrices themselves) can be

combined usng theaugment command, and then the rref command (row-reduced echelon form) can be
used to solve the system.

|.r-:-$;s A13ckrafCalc uEr-.'-z'r|Prrﬂ:E-.|u|-:1-zr-:"n'u:-| |Tr-:-ﬁs|ﬁ1£rl-z‘|:-'r'-:||l:r-:|1c|IJEI'-|I;r' Frarin|Clcan e
_:|. =
|1z 7 "= | 1z] mzimgltima, me) | 17419
* *] 327 [11]
| | =+ mhb [ .
2] n LT P |
2119 7 (2119
®simult 2
simultima, mc) [_ 1719, - 1?”9]
LB, @2, =511, [I111013113 LIE,2I02, 2511, [I11101311
FAIN RAD AUTD FUMC LTED HMAIN RAD ALITD FLUMLE E/30
Touls|i1dctr afcatc|other|Fr arm]cran ue] | Tools|i1debralC ale[other|Frarinfciean ue
L2 —=1 LI=17
(8119 ] |.2 -3 13
- 22 11
S
B gaugrentima, mc) 2 -5 13
[3 2 11] [1 o 21-19
2 -5 13 o1 -17-19]

avgmert.Cma, mc?

et [[3,2, 11102, -5,13]11
MAIN KAD AUTD FUML FED MAIN KAD ALTD FUMC FFET

Students can aso solve a system of equations by hand” using the row operation commands on the TI-89. For

g 2 11u
example, sarting with the augmented matrix 2& £ 1 38' the mRow command can be used to multiply the

first and second rows by 2 and -3, repectively.
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[rootz|mactralcarc|other|pramncican ue [roatslmactr alcatc|other [Praranlciean e

|_E| 1 -17~19] 2 -3 13]

32 11 & 4 22
u L -3, 2 2
mHDw[E,[E -5 13], 1] M -:-w[ [2 -5 13] ]
[E 4 22] [E 4 22 ]
2 5 13 & 13 -39

L2, L3, 2,11102, -5,1311,1% vty [[B, 4, 22112, -5,1311,22
HAIN RAD AUTD  FUNC B0 HAIN RAD AUTD  FUNC 8,70

Then the RowAdd command can be used to obtain azero in the first column of the second row, followed by
the mRow command again to obtain a one in the second column of the second row.

[rhate|f1aabr a|care|ther |Fr amim|c1ean Ue] [rhate|f1aabr a|care|ther |Fr amim|c1ean Ue]
|.'l5 15 -39 |.E| 19 -17]
& 4 22 & 4 22
u Add . 1.2 Bk 119, 2 2
e [[ -6 15 -39] ] " D"’[ [EI 19 -1?] ]
[E 4 22 ] [5 4 22 ]
19 -1y g1 -17-19

LBt 2216, 15, "3911,1,22 v L6, 4, 22100,19, -1711,22
FAIN RAD AUTD FUML 10730 FAIN RAD AUTD FUML 11730

ThemRowAdd command can now be used to obtain a zero in the second column of the first row. Findly,

the mRow command can be used one more time to obtain aone in the first column of the first row, and thus
obtain a solution to the system of equations.

[rectzlinastralCatefother|[Fearn]crcan ue| [roatslanactralcatcfother]pearanlcrcan ue
[0 I —I77I7] [ I 77 I~
& 4 22 ' 486
- E. E' —
lmEn:-l.-.lFldd[ 4’[EI i - l?fl'E'_' INEDI.-.I[L"E-,[ 19 ], 1
. g 486 B 1 -17-19
19 [1 o 21-19
a1 -17-19 2 1 -17-19]

e 22101, "17<1911,2,10
FMAIN RAD ALTO FUMNC 12730 FMAIN RAD ALTO FUMNC 13730

48e-19100,1, -1V~<1911,12

Try afew system of equations problems.

1. Solvethissystem of equationsin two (or more) different ways.
X+y+z=-1 X+4y+z=1 X-y—-z=-15

2.  Solvethefollowing sysem of equations.

apX +apy = by Bo1X + Ay = by
(Does thislook familiar? Can it be done with a genera system for 3 eguations and 3 unknowns?)

Dr. Donad Porzio, IMSA Page 7 13th Annual T3



3.  Determine an eguation for a polynomia function that passes through the following points:
1,-5), (-2, 1), (3, 31), (-4, -25)

+
11
N

4.  Solvethe following system of equations:

+
1
(62}

(Try it directly to see what happens.)

+
< |lWwNIF NIlWw

Xk Xlw<Ik
11
©

—— ] ] ———r — —

Activity: Finding Inverse Functions

The solve( command can aso be used to determine the inverse of afunction. After defining afunction f(x)

usngthe STO > or Define commands, the equation x = f(y) can then be solved for y to determine the
inverse function, y = f1(x).

- - - - Fir Fer |FZ-| Fur FE Fa~
[TE%E].M;EI:-F-J |:Fl:|3:|!: DEI'I:-EF].F‘FEEMD].I:'IEFIJEH IJp-l | [T¢¢151H1ﬂEde Lalc ﬂthtrIPrﬂmll]IEh-:ln IJF-l |
2xw—1
3
e sevil Done
Booluvelx = f{dl, dl |:2 1:]
d4-x+1 lLed -
= —_— | = =
3.}:+2 = 'Fll:l:l:l Ed 3'=|_4
soluedw=frc g 3 .4 3 };::-F'I:H:ll
MAIN KAD AUTO FUNC o0 FMAIN FAD AUTO FUHC 1/20

The dternative method is to solve the equation x = f(y) for y in amanner smilar to that used to solve the linear
equation.

[TEHJMEEN S DErT;r]PFE?'-'uII]]UtF-JEn u:-r_] EEHJMEEN S DErT;r]PFE?'-'uII]]UtF-JEn u:-r_]
i N e:{pandL:{SL&u :J—-le .%—

o= L2 1) ] - Hu-4x=1-Z2oy
[K Tg-a )Fu-4 R(3oxu—d-x=1-2-0)+2 b
(39 -4)=-[2-9-1] Ioxy+Zy=d-x+1
expand(x-(3-a-41= [Z2-9-p B factorid-x-g+Z-u=d4-x+ B
oy —4-xw=1-2-y |:3'K+2:|"=I=4'K+1

expandlansilil
HMAIM RAD AUTO FUMC TR HHIH nﬁn AUTO FUMC T

Fir Fz= |FZ=| Fu- FE Fa-
Taol5|AT3cbra|Calc|Okher |FrAmID|Clean UE
Bt agctor(s-x-d+2-g=d-x+1;

Experiment with other functions to see how this
technique works and what pitfalls might be encountered

when using it to determine inverse functions. Such work [(Z-x+2l'u=4-x+1
should help give students a degper understanding of (Z-x+Zlu=d-x+1

inverse functions and help them avoid getting bogged . Ix+2

down in algebraic manipulations that detract from the g=amtl
learning that occurs as sudents' work to find inverses. — . Sixt 2

MAIM FAD AUTO FLMC ]
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Activity: Connecting Algebra to Graphs and Modeling
Consder the following problem stuation:

An airline transports about 1700 people per week between Columbus and Los Angeles. A round-trip
ticket for thisflight costs $362. The company is doing market research to determine whether it should
increase the fare on this flight. Research indicates that for each $5 increase in price, 19 fewer
passengers will take the flight. What ticket price should the arline charge?

In solving this problem, the biggest hurdle for most students is coming up with an equation to model the problem
Stuation. Even the students who do come up with the equation often do not know exactly what the equation
represents or why the equation models the problem stuation. The satistical and graphical capabilities of the Tl-
89 can be used to solve the problem and to derive an equation that models the problem situation. The symbolic
agebra capabilities of the TI-89 then provides students with ameans for discovering how to derive an equation
that represents this and smilar problem situations without using data or graph.

To begin, we need to create a T1-89 Data variable. To do this, pressthe APPS key and sdlect
6:Data/Matrix Editor fromthismenu. A submenu will gopear. Choose 3:New.

HFFLICATIOMNE Fir HFFLICATIONE
Taol

1=F155hHEp5m *+HFFS
= 1t.or 2= Editor

Sillindow Editor Sillindow Editor

4: Graph q:

2:Table ) )

g 0atasMatrix Editor »

r:Program Editor r am Bl

2 Text Editor k Eolitor

HMAlW KARD AUTO FUKC HMAlW KARD AUTO FUKC

A didog box will appear. You want to choose aData vaiable. Giveyour Data variable aname (like
columbus), then pressENTER twice to accept your selections.

Fi-1_ Fz |Fz ] F4 FE |FEAH F/ Fir Fz Fz F4 FE |Fa-| F?
L5 MEM o Took MEW i
TvRe: Tvepe: [k &
Folder: tMatr1x= Folder: rmadin *
Yariable: Silist Variable:
Rt giewigiog [ | SIS L P
fed ety 2| R R e N P
\ CEnter=0k o3 £ ESCSCAMCEL ) \ CEnker=OK _Ja e ESC=CAMCEL )
AN EAD AUTO FLMC AN B GAD AUTO FUNE

Note that on the T1-89, you have three optionsin this editor. Y ou have aList varigble, whichissmply asngle
lig, aData variabdle, which isaset of any number of ligtsdl under one varidble name, and aMatrix variable,
which isamatrix you enter usng this editor rather than doing so from the HOME screen (more on this later).

A Data variable consgts of columnsheaded c1, c2, ¢3, and soon. You can adjust the size of the columns
through the Format Menu which can be accessed by press F1 followed by 8:Format or by pressng

F (the”|” key).
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Thefigures at theright shows a T1-89, created for this
problem. Column c1 (Incrs) contains different values I’TFivI Fz ENGE rI-:F-:Ei-:Hﬁ?[;EJ ‘I

on15|F1ok Zgtur|Ce1l|Heads

for the number of $5 price increases the airline could DATA | incralrumbr Leric]bre
impose of the ticket price. Columnsc2 (Peopl) and s o .

i L 1 i 1700 [F62  [6154..
c3 (Tpric) are the number of people who will Hill take = 1 TR EER
thisflight and the ticket price corresponding to the 3 2 1662 |32 |&loe..
number of $5 priceincreasesin column c1. Findly, 4|3 1643 |377 6194,
column c4 (Trev) isthe revenue generated by ticket ci=
sales corresponding to the number of $5 price increases MAIN RAD AUTD FUNC

incolumn cl.

The data here was generated by having students ca cul ate the number of people who would fly, dong with the
corresponding ticket price and revenue, for specific numbers of $5 price increases.

During this process, sudents may recognize the patterns Fi- | Fz F= | F4 [FE [FBAFF

. o o Touls|F1ok Setup|Cel] H-z-:l-:l-zr'll:-:l1c|uti1|5t-:|t| |
in the data being input and suggest that entriesin each [[,,,,T,,, T T R
column could be “globdly” defined (like a spreadsheet). -1 ) CE

For example, column c4 can be defined as the product 1| 1700 (362 Jelod.

: . 2 1 16281 |37  [6169..
of columnsc2 and c3, asshowninthefigure at the T [= 1662 572 |6l27
right. What students do not usualy recognize, at least 4 3 1643|377 [&6194.
initidly, isthat these “globd definitions’ form the basisfor P
an equation that represents the problem sSituation. MAIN RAD AUTO FUML

Once the data has been entered, a scatter plot of columns c1 versus c4 can be generated. To accessthe
datigica plot menu, pressF2 (Plot Setup), then F1 (Define). Sdect Scatter forthePlot Type
and Box for Mark (or changeit to adifferent mark by scralling to the Mark line, pressing the “right arrow”
key to access the submenu that shows the different marks you can use, and then sdecting a new type of mark).
Then designate column c1 for the x-vaues and column c4 for the y-values.

riv Te™ r r | =2l ravrye H

|_ S T S J |T-:--:-15 E-:--:-r-'.lTr'-:l-:tlF:tEr'-:lPth-:lth Draw|Fen|: |

Flok THFE e foatker ¥

Mark.. . Box¥ [i:ﬂ:”:' oong o

X . = ] (|

EITL PP T PR

Freq and Catedorics? HO¥ o

s:-\.ﬁ.. e T D

i, Daletarhg L L
'.ﬁ_ni EnkcF=ZAYE 2 t_ ESC=CAMCEL ::___.' a
TYFE + [EMTER]=0K AMD [EXCI=CAMCEL HMAIN RAD AUTO FUMWC

To draw the scatter plot, press™ F1 to accessthe Y = Editor, turn off any extra functions or plotsthat are on,
and select 9:ZoombData fromthe F2:Zoom menu. To adjust viewing window for the scatter plot,
press’ F2 (Window), change the window settings to your liking, then press” F3 (Graph).
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The graph suggests that the relationship between the number of $5 price increases and the ticket sdes revenueis
quadratic. Performing a quadratic regresson on the data can test this conjecture.  To do this, again pressthe

APPS key then sdect 6:Data/Matrix Editor folowed by 1:Current to return to the cricket data..
To caculate a quadratic regression, select the F5:Calc menu, st Calculation Type to QuadReg,
designate column c 1 for the x-vaues and column c4 for the y-vdues, and findly s&t Store RegEq to
y1(x) (scroll down to thisline, pressthe “right arrow” key and select y 1 (x) or some other variablesin the
Y= Editor if youwish). Now press ENTER to save your sdlections. The STAT VARS didog box will
appear, showing the results of your regression. At the same time, this regression equation has been entered in
the Y= Editor under y1(x) (or whatever variable you chose). The quadratic regresson on columnscl
versus c4 produces the equation y = -95x% + 1622x + 615400.

l LT T LA D ] L J | g p— I o O ol N I - o - s O
Calculation THFE....... Guadfked + Tools e STAT YARS gk |
X i cl DATHA L= B 3 T LA
v ———— Y q =-gE,
Shors BedER b, wiied s 1_ b =iaz:e. il
Freq and Catedories? MO+ 5 L =E1EY00,
s: ‘-ﬁ-- s s s s s s Hz =1. 9".
omeipd, dalefariug L[4 d e
. CEnterSIAvE s 1 T SERterzOE__a v
UZE + AMWD + TO OFEM CHOICES MAIM FAD AUTO FUML

Based on this equation, it appears that the airline could generate maxima ticket sales by increasing the ticket
price to: (a) about $404.68 (allowing for any price change based on information provided) or (b) $407
(dlowing for only an integra number of $5 price increases).

By factoring-95x% + 1622x + 615400 (using the T1-89 if desired), students can see that the equation for this
problem Stuaion can be written as.

y =-(5x + 362)(19x - 1700) or y = (5x + 362)(1700 - 19x),

which is exactly the equation we would have expected them to derive (or have derived for them). The
difference here is that the equation should be more meaningful to them since it was derived from actua data and
in the context of solving the problem.

Another Algebra-Graph Connection Problem

Graph the function f(x) = > + bx + 2 for different values of b. For each, estimate the coordinates of the minima
of the graph. Use these points (and any other minima you may have estimated) to find a function f* (x) such thet
if (X, y) isaminimum point of the graph of f for some vaue of b, then (X, y) isds0 apoint on the greph of f*.
Use andyticaly methods to justify your choice of f*(x).

Activity: Summations

On cdculators like the T1-83, you could do summations on a finite number of terms usng the sum and seq(
commands (both of which can be found quickly on the TI-89 under CATALOG). OntheTI-89, thereisa

specia & ( sum command, which can be found under the F3 (Calculus) menu or under CATALOG,
that dso handles such calculations.

Dr. Donad Porzio, IMSA Page 11 13th Annual T3



Fi~ Fer FZ=| F~ FE Fa= Fi~ Fer F2~| FY- FE Fa~
Tools|ATdcbrajCalc|0ther|FrAmi0|C1zan Ur Toa1s|ATAcbra|Calc|Other|Frami0|Clean Ur

u E.I.Jrq[i.na-q[L ~ha.l, 5]]
Er'l
4 3133
B zim| seqy —,n,l,S]]
[ [2” m E[ n] 3132
31-33 n=11 2
sumtsedil 2N, n, 1,502 =012, h, 1.5
I 1AM EAD AUTO EC FPETH PN EAD AUTD EC ¥

What diginguishes the & ( sum command from the sum and se q( commandsisthat it can handle infinite
sums and finite sums with a variable number of terms

Fir] Fz= |FZ=| Fu=| FE FGr Fir]| Fz= |Fa~| Fu=| FE FG~
Tools|a1dckra|Calc|Dther|FramIOfc1ean Ue Taols|aldcbra|Catc|other |Frammiofclean Ur
1
m sumlseql—h 2ha 1, WJJ sl
z2 m =y 1
Error: Domain ertor h=1l 2

[‘v’]e

i |w = [Lo § =g ™
12” <=1l Ek

|HF|IH F:Fl[l FIIJTI] SEG i) ulill.] F:Fl[l FIIJTI] SEC KT

Try afew of the summations shown below and then discuss the implications of hand-held technology that can

perform these types of calculations (such as how such capabilities might be used to help students better
understand certain types of mathematical induction proofdl).

n n n n ¥
o} o 3 o o o k-1
a a k a kk+y) aa+ k- qar
k=1 k=1 k=1 k=1 k=1
n ¥ ¥ ¥ ¥
[¢) k-1 [¢] i [¢] i [e] [ 1
aa a k? a i a k(k +1) a k(i +2)
k=1 k=0 k=0 k=1 k=1

Activity: Using Patterns to Develop Formulas:

Many different “rules’ for exponents, logarithms, rationdizing denominators, and factoring can be explored and
developed by having students look for patterns when the T1-89 does the smplification. For example, usethe
TI-89 to find vauesfor In(2) + In(3), In(5) + In(7), In(6) + In(x), and the like. Based on these results, what
conjectures might be made about the vaue of In(x) + In(y) where x > 0 and y > O (followed by a discussion of
how the conjecture might be proved).

Many formulas for derivatives and antiderivatives can be developed through pattern recognition. For example,
use the TI-89 to find the derivative of y = x + sinx; of y = + sinx; and of y =x* + sin x. Based of your
obsarvations, predict the derivative of y = X* + sinx; of y = f(x) + g(X). (You can do the same with
subtraction, multiplication, division and composition of functions!). Try this exploration for other favorite
formulas to see which might work and which might not work so well.
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Activity: Parametrics and Trigonometry:

According to MLB records, during a 1919 exhibition game between the Boston Red Sox and New Y ork
Giants, Babe Ruth hit the longest homerun in mgor league history. It has been conjectured thet the bal hit off
Babe' sbat at atrgectory of 45° and an initia speed of approximately 137 feet/sec.

Thebdl’s path can be represented parametrically asfollows:

X(t) = (scosA) t y(t) =-16t2 + (ssn A) t (s=initid speed A and A = initid trgectory)

Plot the path of the baseball.

Determine how far the bal was from home plate when it hit the ground.

Determine the grestest height achieved by the ball.

The center fied fence at the old Polo Grounds was 460 feet from home plate and was approximately 15

feet tall. Would the ball have cleared this fence?

e.  Determine the stegpest and shallowest trgjectory that the ball could have taken off the bat and till cleared
the Polo Ground' s center field fence.

f.  Determinethe dowest initid speed the bal could have had and il cleared the Polo Ground' s center field

fence.

oo oo

Activity: Developing the power rule from graphs of y = xnN:

Graphy = X" for specific vdues of n. For each graph, use the derivative command, 6:Derivatives under
the F5:Math menuinthe Graph editor to find the vaue of the derivative of y at a specific point on the
graph. Press” , to download the value of the derivative into the data variable sysData inthe
Data/Matrix Editor. Now access sysData inthe Data/Matrix Editor and the column next to the
vaue of the derivative, enter X, thus entering the vaue of the x-coordinate of the specific point at which you
found the derivative. Do thisfor a number of points on the graph of y and then use the regression features of the
TI-89 to determine the equation of y¢ Do enough of these and sudents will “discover” the power rule for
derivatives (i.e, if y = X" where n is a positive integer, then y¢= x- 1)

Activity: Miscellaneous Calculus Fun

Prove or Digprove: If acubic polynomid has three red roots, then the tangent line to the graph of this
polynomid & a point whose x-coordinate is the average of two of the roots will intersect the graph at the third
root. [Seeif it worksfor a specific case such asf(x) = (X - 2)(x + 3)(X - 4).]

Prove or Disprove: If Pisany point on the graph of f(x) = > such that the tangent to the graph of f(x) a P
interests the graph at another point Q, then dope of the graph of f(x) at Q isfour times the dope of the graph at
P. [Again, seeif it works for a specific case such as P being the point (2,8).]

Draw atangent line to any cubic polynomia at (dmost) any point (say x = a). Determine the second point (Say X
= b) where this tangent intersects the cubic. Determine the area of the region bounded by the tangent and the
cubic. Next, draw the tangent line to the cubic a x = b and determine second point (say X = ¢) wherethis
tangent intersects the cubic. Determine the area of the region bounded by this second tangent and the cubic.
Determine the ratio of the larger areato the smaller area? Prove thisresult.

Find the volume of the largest right circular cone inscribed in a sphere of radiusr.
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The AP Examinations

The Caculus AB and BC Examinations seek to assess how well a student has mastered the concepts and
techniques of the subject matter of the corresponding courses. Each examination consists of two sections, as
described below.

Section I: a multiple- choice section testing proficiency in awide variety of topics

Section |1: afree-response section requiring the student to demondtrate the ability to solve problems
involving amore extended chain of reasoning

The examination time for the AP Caculus Examinationsis 3 hours and 15 minutes. The multiple-choice section
of each examination congsts of 45 questions in 105 minutes. Part A of the multiple-choice section (28 questions
in 55 minutes) does not dlow the use of a caculator. Part B of the multiple-choice section (17 questionsin 50
minutes) contains some questions for which a graphing caculator is required.

Beginning in May 2000, the free-response section of each examination will have two parts: one part requiring
graphing caculators and a second part not alowing graphing caculators. This change in format is an effort to
respond to helghtened concerns with equity as more students may use graphing calculators with computer
agebrasystem (CAS) features. The AP examinations are designed to accurately assess student mastery of both
the concepts and techniques of calculus. The two-part format for the free-response section provides greater
flexibility in the types of questions that can be asked while ensuring fairness to al students taking the exam,
regardless of the graphing calculator used. A list of gpproved graphing calculators is available at College Board
Online <www.collegeboard.org/ap>.

The free-response section of each examination consists of 6 questionsin 90 minutes. Part A of the free-
reponse section (3 questions in 45 minutes) will contain some questions or parts of questions for which a
graphing calculator is required. Part B of the free-response section (3 questions in 45 minutes) will not alow the
use of acalculator. During the second timed portion of the free-response section (Part B), studentswill be
permitted to continue work on questionsin Part A, but they will not be permitted to use a caculator during this
time. In determining the grade for each examination, the scores for Section | and Section |1 are given equa
weight. Since the examinations are designed for full coverage of the subject matter, it is not expected thet all
students will be able to answer dl the questions.

Graphing Calculator Capabilities for the Exams

Examination questions are designed based on the assumption that al students have accessto four basic
caculator capahilities used extensvely in caculus. Beginning in May 2000, a graphing calculator appropriate
for use on the examinations is expected to have the built-in capability to:

1) plot the graph of afunction within an arbitrary viewing window,
2) find the zeros of functions (solve equations numericaly),

3) numericdly cdculate the derivative of afunction, and

4) numericdly cdculaethe vaue of adefiniteintegrd.

One or more of these cgpahiilities should provide the sufficient computationd tools for successful devel opment
of asolution to any question that requires the use of acaculator. Questions have been designed so asto not
favor students who use graphing calculators with more extensive built-in festures.
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Technology Restrictions on the Exams

Nongraphing scientific caculators, computers, devices with a QWERTY keyboard, and electronic writing pads
are not permitted for use on the AP Calculus Examinations. Student should be thoroughly familiar with the
operation of the caculator he or she plans to use on the examination. Calculators may not be shared, and
communication between caculators is prohibited during the examination. Students may bring to the examination
one or two (but no more than two) graphing ca culators from the approved list. Caculator memories will not be
cleared. Students are dlowed to bring to the examination calculators containing whatever programs they want.
Students must not use calculator memories to take test materials out of the room. Students should be warned
that their scores will be invdidated if they attempt to remove test materias from the room by any method.

Showing Work on Free-Response Sections of the Exams

Students are expected to show al their work. According to the genera ingtructions for Section |1 of the 2000
Exam,

[Students} will be graded on the correctness and completeness of [their] methods as well asthe
accurecy of [their] answers. Correct answers without supporting work may not receive credit.

For results obtained using one of the four required caculator capabilities, sudents are required to write the
setup (e.g., the equation being solved, or the derivative or definite integra being evauated) that leads to the
solution, dong with the result produced by the calculator. For example, if the student is asked to find the area of
aregion, the student is expected to show a definite integra (i.e., the setup) and the answer. The student need
not compute the antiderivative; the calculator may be used to caculate the value of the definite integra without
further explanation. For solutions obtained using a calculator capability other than one of the four required ones,
students must aso show the mathematica steps that lead to the answer. A caculator result is not sufficient. For
example, if the sudent is asked to find a relative minimum vaue of afunction, the student is expected to use
cdculus and show the mathematical steps that lead to the answer. It is not sufficient to graph the function or use
abuilt-in minimum finder.

When astudent is asked to judtify an answer, the justification must include mathematica reasons, not merely
caculator results. Functions, graphs, tables, or other objects that are used in ajudtification should be clearly
identified.

Activity: AP Problem with a Bit of Everything
Problem #5 in the 2000 AB and BC Free Response Sectionsis asfollows.
Consider the curve given by xyz- x3y =6.

2, 2
dx 2xy - X3
b.  Finddl points on the curve whose the x-coordinate is 1, and write an equation for the tangent line at
each of these points.
c.  Find the x-coordinate of each point on the curve where the tangent tine isvertica.
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Pa‘tap sdfficutiesfor the 89's Touls|ATAcbra|Calc|Other|FrAmI0|Clean Ur

d( differentiate command if you attempt to use

it to find j implicitly. The difficulty hereisthat the

TI-89 does not recognize that y is afunction of x. This o i[}: TR S ,5]
difficulty can be avoided by using the varidble y(x), ol

which the TI-89 does recognize as a function of X, 2_3..<.
instead of y.
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The TI-89 cannot solve the latter equation for %(y(x)) gnceit does not recognize thisasavariable. To

handle this difficulty, sst %(y(x)) equd to some other variable that the TI-89 will recognize (say yp) and solve

the equation for this new variable.

o s ot sl
‘ EEE LA N— LA - RS = =
l EDIUE[[E'HI:}:Z:I'}{ - :{3]'%(':} . SDIUE[[E'HEK:"E - HS]'%EEF
_ 'HEH)-[HE:{)—S-HE] e = 'H':K:"[H':K:'—3'KE]
[E-u{xj—}:z]-:{ [E-HE}:}—:{E]-}:
soluet {2yl du—n™F bl gl LA T2SE gp o [dOgid, =y
FAIN RAD AUTO FUHC /98 FAIN FAD AUTO FUNC £/99

That's dmost what they asked for, but not quite. However, using the expand( command does't help,
unlessthat is followed by the comDenom( command and then dl iswell.
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For part b, the solve( command quickly finds al the points whose x-coordinateis 1 In part ¢, this command
can also be used to determine for what vaues of x and y the tangent line is vertical (assuming the student knows

this can occur when the denominator of % isequal to zero).
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For the solution y = X? , subgtituting for y in the origind equation and then solving for x should produce the

desired answers. For the solution x =0, hopefully students recognize the need to substitute x = 0 back into the
origind equation to verify that this solution isvalid. Doing so shows such is not the case.

Fi~] Fzr |[F3~| Fyr| FE Far - = - =
Tool5|AT3cbralCalc|Other|FrImi0|Clgan U Tziu H15-zzl:-r'-:| n:F-:?ic I]Erl;l-zr' PFEIE-'.II] -:1-zF-:Er. 113
2 3 i i
Byt —xYy=6|x=0 mzolvelZ x-y-x2=0,y]
falze

_ A 2
H_E o ® =

IEDIUE[}:'HE—};'H:E:K“E' .x.HE_x3-H=E.|:{=EI

& &

::-:='31 5-23 = fal=g
s T T o L o Rt sk 2= Ry =6 | =0
HMAlH EAD AUTO FUHC g/oo HMAN EAD AUTO FLHE FFET]

Dr. Donad Porzio, IMSA Page 17 13th Annual T3



So what isthe point of dl thiswork with the TI-89 considering that many of the uses made of the TI-89 in this
activity are“illegd” onthe AP Exam? The point isthat it dlows students to focus on coming up with the correct
set-up, equations, and justifications without having to worry about doing the symbol manipulation correctly. The
necessary symbol manipulation skills can be handled separately. It also points out that use of the T1-89 to do
some of the symbol manipulation is more difficult or time-consuming than doing it by-hand.

Activity: A Couple More AP Problem of Interest

Below are the sequence of steps one can perform on the TI-89 to “solve’ parts of two more problems on
recent AP Exams.

1997 BC Exam #6
Let v(t) be the velocity, in feet per second, of a skydiver a timet seconds, t = 0. After her parachute

opens, her velocity satisfies the differential equation % =- 2v - 32 withinitid condition v(0) =-50.

a  Usesgparation of variablesto find an expression for v in terms of t, where t is measured in seconds.
b. Termind veocity isdefined as I(i@rr; v(t). Findthetermind veocity of the skydiver to the nearest
t

foot per second
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Tools|f” LATALOG o Pl || [T-:--ﬂsIﬁH-zl:-r‘-: Calc uth-erPrﬂwll]IEhu UPl |
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Flec
Define
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FEE%E?EE-: W deSolueiu! = -2-u =32 andp

det.q =342 2t g

[ —diagc Tu—a2 and WiEI= 50, L, 00
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Use deSolve( command (rather than separation of variables) to find the equation for v(t).
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Toats|zoom|Edit| < |11 5551-;1.—1-5{-..{ ] Tosls|zram Tr'-:l-:-le:-zGr'-:lF-h Math :-:nglgr.ll-:”
~FLOTZ B ~

+-'E| El P " T T T e T e Tl T e e T
wyl'=-2.yl - 32 s
'=|11=-5E| —_ -
H?éfl T S T L G
J372 Vo B Lor I Lo W e e B Ll
giZ= - T S S N
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Grgph the differentid equation (in DIFF EQUATIONS mode) to estimate the termina velocity.
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1998 BC Exam #2d
Congder the family of functionsdefined by y = bxebx, where b isanonzero constant. Show that the
absolute minimum vaue of bxe” is the same for al nonzero values of b.

[TEHJMEEN Lt ufrl.'-z'rIr-rgia|uI-:1-zF-:En'u:-ﬁ| EEH; A1Sabra|tate ufr?-;rIPrgimluI-:1-zFuﬁn'u:-I_]
TwtD ~ T 7
(b2 %+ b ek
l%[b-x-eb'x] mzolvel[b2 x+b) e ¥ =a,
el "
[hz-:{+b]-eb'x w=—p- or b=0
i bkske™ sk, w0 Eoluel ib™Z2+x+hdke™ (b =0,
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Determine where the derivativeof y = bxe®¥ is equd to 0.
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[T-:--:-hIHH-zI:-r‘-: Calc ﬂthtrIPrﬂmll]Iﬂt-:n u;-l | E-:--:-hlmﬂ-zl:-r'-:l Calc ﬂthtrIPrﬂmll]Iﬂt-:n u;-l |
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Show that y&is dways postive and that the value of y where y¢is O is aways the same.
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BC1 Deivatives- Chan Rule Name:

This activity sheet is designed to find agenerd rule for differentiating the composition of two or more functions.
Asareview, let's consder some of the rulesfor derivatives we have seen so far that involve varigble
expressions other than just x. Fill in each of the following (assume k is a congtant).

y=(xx+kh p y¢= y = (kx)N p y¢=
y =gk p y¢= y = e p y¢=
y=Inx+k) P y¢= y = In(kx) p y¢=
y=danx+k) b y¢= y =9n(kx) p y¢=

Now let’s sep things up abit. Fll in each blank with what you believe will be the derivative of the given
function. Then in the space provided, write in the derivative provided by the T1-89/92 (hopefully they match).

Your derivative T1-89/92 derivative
(1.1) y=(3x+4)10 ye= y¢=
12 y=—2 yo= ye=
(65x - 7)*
(13) y=(x2-7x+1)> y¢= y¢=
(14) y=+vx3+1 y¢= y¢=
21 y=28*7 o= ye=
22) y= 2 ye= ye=
(23) y=In(7-5x) y¢= y¢=

24) y= |n§€/;3§ ye= ye=
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Your derivative T1-89/92 derivative

(31) y=cos(1l1lx +5) y¢= y¢=
(32 y=sc(9- 3) y¢= y¢=
33) y=sing—2s ¢= ¢=
(33 y=sing—- ye= ye=
(34) y=tan(x8+4x+1) y¢= y¢=
(41) y=(nX)° yé= yé=
(4.2) y=cos’(X) y¢= y¢=
(4.3) y= Jtan(x) y¢= y¢=
5

4.4 = ¢= ¢=
44) vy 200 y y
(5.1) y=dax ye¢= y¢=
(5.2) y=In(scx) y¢= y¢=
(53) y= cos(ex) ye= ye¢=
(54) y=54n32x) y¢= y¢=

Given what you have seen o far, write a description of how you could take the derivative of the composite of
two functions. Then complete the statement at the bottom of the page.

Chain Rule: If k(x) = f(9(x)), then k&x) =
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