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Chapter 0
Overview of the TI-89 (T1-92 Plus, Voyage 200)

This chapter provides a brief introduction to sormk the features of this family of
graphing/symbolic calculators that relate to priewas material. For the most part, we
demonstrate with the TI-89 (including the TI-89ahium), which is the most common choice
for students at WMU. The TI-92 Plus (no longer mjadnd the Voyage 200 provide the same
capabilities in a larger-sized model with a QWERK&yboard. If you have not already
purchased your calculator, you might want to comsithe Voyage 200. For only about $50
more, you get more memory, several cost applicatianlarger keyboard and screen, and the
GraphLink cable to connect to your computer. Tleevest TI-89 Titanium also has more
memory and included is a USB connection cable tmeot to your computer. See the Texas
Instruments Calculator web site for the latestrmfation about what is available for this family.
http://education.ti.com

1. Settings, Layout, Operating Systems, Desktop
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When you press the ON button (lower left), a Tlgherally comes on in what is called the
HOME screen as in the first figure above. You wolimmediate computations in the command
line at the bottom of the screen. Results willegpin the middle region, which is called the
“history” area, and many commands can be obtaiygaréssing one of the function keys F1-F8,
which are blue keys below the screen. The diffefenreens” of the calculator are called

applications. Press the blue APPS key to brintheist of applications as in the second figure
above. Note that additional applications can laeléal into the calculator, and they will appear
under the heading 1:FlashApps. Press the MODEt&dying up the first page (of three) of

various settings for the calculator.
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T1-89 and Voyage 200 Desktop Home Screen




A Voyage 200 and the TI-89 Titanium generally coomewith an icon desktop displaying the
applications. This can be turned off in a pagedglensetting, but it includes a possible clock in
the corner which is nice. Press ENTER with an ibmhlighted to move to that application. As
you see in the figure above, the Voyage 200 coméssssme additional flash applications (most
of which can be added to a TI-89). The APPS kaygsryou back to the icon desktop.

You adjust the contrast of the screen by holdirggreen “diamond” key and pressing the “+”
key to darken and the " key to lighten. If you need to keep increasihg tontrast, this is a
sign that your battery is low. A low battery sigmall also come on as a warning and certain
linking operations will not be allowed when thetbsy is low.

This family of calculators uses flash ROM, enabliag of the code in the calculator to be
upgraded. Texas Instruments calls the softwaraingnthe calculator the operating system or
OS. You can check at the Tl web site (http://etiooai.com) for the newest OS version and for
new applications available for downloading. Youlweed a computer and the GraphLink cable
(or the TI-89 USB cable) to download new thingsrirthe web site. You can also get a new OS
and free applications from another calculator o same model). Press F1 A: About to see
what version you have.
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Seehttp://education.ti.conand look for DOWNLOADS to find the latest OS faywcalculator.

A new OS might fix bugs that have been discovesstt] new commands, and help to make
some of the new applications possible. You cao fat&l the various applications mentioned in
this document at that location as well.

The ESC key is very important for escaping outarhe situation. If you pull up a menu and
decidenot to select anything, press ESC to back out of tlemun(or submenu). In many
situations, the display will give you the optionEDTER to save or confirm and ESC to cancel
out of that process. For example, none of the gbdsuyou make in the MODE pages take effect
until you press ENTER=save, with ESC=cancel asioo.



2. Home Screen Operations
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The default Exact/Approx mode setting is AUTO, dimd allows many computations to be done
exactly. The command F1 8:Clear Home erases tis¢ofly” area. When you want a decimal
approximation in this mode setting, just press‘treen diamond” key before the ENTER key to
get “APPROX»”", rather than changing the mode setting.

Notice below the command line some of the modenggsttare displayed. In the figures above,
the MAIN indicates we are in the main folder, RABdicates radian angle mode, AUTO
indicates the exact/approx mode, FUNC indicatestfan graphing is selected, and the 3/30 in
the first two figures indicates that the historynt@ns 3 items out of the 30 that will be
remembered (with more or less possible as a fosetéing).
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Variable names can be up to 8 characters long amt begin with a letter. Usually we use
single letter names for true variables in our atgebexpressions, and we use longer names for
programs and other things we wish to keep. Th&:R&w Problem command is a very nice
way to start fresh. It clears the history, cleaus all variables named by a single letter (as does
F6 1:Clear a-z...), and deselects all functions datspn graphing.
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Notice in the first figure above, we have used ‘liegh multiplication” when we typed the
coefficients of the polynomial. In the last figusee needed the multiplication symbol between
“a” and “x” and between “b” and “x” because typifex” and “bx” would have been interpreted
as new variable names.



You notice that after you press ENTER, the lastimamd stays in the command line, but it is all
highlighted. If you simply start typing, the neyping replaces the highlighted expression. If,
instead, you want to edit the last line, pressldfieor right cursor keys to move the insertion
point to that end and remove the highlighting. Alyeu can edit the expression. The “back
arrow” = key is a destructive backspace command. Above kg the command “green
diamond” DEL above the back arrow is a destrudirezard movement. By default, any typing
that you do is inserted where the blinking verticat appears in the command line. Pressifig 2
INS above the back arrow is a toggle convertingvbenh the insert entry mode and the typeover
entry mode (blinking space).
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After entering a command (as in the first figureoad), you can simply press “+” to do a
continuation calculation. If you press any commaeaaqgliring an argument before the command
(like “+”), the calculator assumes you wish to tise last answer. In the second figure, we see it
has added “ans(1)” in front of the “+” that we tgp® indicate this. When you want the last
answer (and any one stored in the history) someawbige in the command line, use ANS (above
the negation key). Just edit “ans(1)” to have haphumber if you want to go back more than
one answer.
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When you use the up cursor, you move up into tlseohi area and highlight results (on the

right) and command lines (on the left by & You sometimes must do this to scroll sideways t

read all of a long result. Pressing ENTER whilmsthing in the history is highlighted causes it

to be pasted into the command line as figure owetwn above. Thus you should never need to
retype anything you can see!! While the cursoarigwhere in the history area, you can press
ESC to jump down to the command line without pasénything there.

Holding the “up arrow™ key and then cursoring in the command line allgas to selectively
highlight a part of the command line. Under F1 [Epgou will find that you have Cut, Copy,
and Paste much like on a computer.
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Some Default TI-89 Custom Menu ltems

Since it is a little hard to type long phrases ba T1-89 (with no QWERTY keyboard), this
calculator is provided with a default CUSTOM memoviding phrases and symbols commonly
used. Pressind®CUSTOM toggles this to be available or not. Ifiywish, you can define you
own Custom Menu with anything you use often. Selgcsomething from the Custom Menu
simply pastes that phrase into the command line.
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The MATH Menu (above the “5”) has many common matagcal commands. You can also
type out the commands one character at a timethmiis slow. As with any menu, you can
cursor down to highlight the command (as in theosdcfigure) and press ENTER or you can
press the number (or letter) in front of the comchan
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The CATALOG key brings up the catalog of all of ttemmands in the calculator. Press any
key with a letter on it or above it (no need foe hLPHA first) while in the catalog to jump to
commands beginning with that letter. Notice thhewa command is selected (with the arrow),
you get some on-screen help. The very bottom efstireen indicates the syntax required for
that command. The syntax items will be separatec¢dimmas, and syntax items in square
brackets [ ] are optional.
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You can store a number in a variable name eith#r thie F4 1:Define command or the STO
key (which appears on the screen only as the a®Qw Then whenever you use that name, the
value is immediately used. The F4 4:DelVar commignased to delete the definitions for these
variable names. Note that F6 1:Clear a-z... and \@Meblem will not clear these longer
variable namesSuggestion:Never store a number in the variabkey, z, ort because we often
use these letters for algebra variables. Thet@oigreat a chance you will forget to delete them
before you want to use them as an undefined variabl

[E]’T]’EWTT_‘I WWTW [E]’T]’EWTT]’_‘I
Touls|a13bra|Calc|other|Framin|ciean ue Toals|paebralCatc|other|Framinjciean ue Touls|a13bra|Calc|other|Frarin|ciean up
= HewProk Doke o —BewT+ 11w -6
mowpandl(x - 11 (x - 210 - 30| [Wad 6 wZ 4112 -8 [==4.2
® HewPrab Do e R Y g 445
®empand((x = 1)-(x = Z)-(x - 3b l><3—6-><2+11-><—5|><=4.2 "Define f(x)=]/5-x% Done
S.448 mF1.7) 1.4525839
5 013 1x=4,2 ;
HAIN RAD AUTD FINL 7720 | |HMAIN FAD AITD FINC ]

Alternatives to “storing a number ki are better. The “with” command is a vertical h&ey,
and it allows a value to be substituted in for aalde temporarily without permanently storing
that value in the variable name. When we defirienation, then we can simply evaluate the
function without storing anything permanently ire tariable name.

3. Functions, Tables, and Graphs
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A formula entered into the Y= Editor (which you oget to via APPS 2:Y= Editor or via “green
diamond” F1) is then available to you in the Horoeesn.
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You can start a Table with any value, incrementhwany Dtbl, and then have the table
automatically generated. Then you can scroll (ugh down) to see evaluations of the function
selected in the Y= Editor. Get in the habit ofkimg at a tabléeforetrying to set a viewing
window for the function. For example, after loakiat the table for this cubic polynomial, we
decide on the following reasonable Window.
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Table (scrolled down) Window Graph

Note that “xscl” and “yscl” give values to the marén the axes. The setting “xres” equal to 2
causes points to be plotted in only every othenrool of the graph (thus only 79 columns out of
the 159 on the TI-89). Since the points are comieave don’t notice any “roughness” in the
plot. A larger “xres” will plot more rapidly, butight miss important features of the plot.
Further when you do F3 Trace, the cursor moves tonllge plotted points based upon “xres”.
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In the first figure, we Trace with the cursor toang = - 3.2. While tracing, we can also type
- 3.2 to see the more exact value there. The F5 Mathlue command will also evaluate the
function wherever we want on the interval from “xrhio “xmax”.
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With the split screen, you can have the Graph hedrable appearing on the same screen. The
symbol above the APPS key is the toggle to moven fome side of the screen to the other (and

you must move to the Table side to have the tableeated). Here we have the Table tied

directly to the points actually plotted in the Gnapa the Table Setup choice in the second figure
above.
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Functions can be defined in the Home screen, butameonly graph a formula appearing in one
of the function slots of the Y= Editor. (You caefithe a function with one of these function slot
variable names in the Home screen.) When moredharfunctions is selected, we may want to
change the F6 Style to be able to tell them aplarthe Y= Editor, F4 will change whether a
function slot is selected or not.
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Notice that the default Line Style and “xres = 2’ bt do such a great job plotting the tangent
function. Generally we wish to avoid the false dneertical’ lines near vertical asymptotes.
The Dot Style avoids this. [For OS 3.0 or highgsy can turn on the GRAPH FORMAT
“Discontinuity Dection ON” to avoid these false wieal lines.]
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The “when” command gives us a way to do piecewssindd functions, if there are not too
many pieces. The Dot Style is also usually beststah piecewise-defined functions, which
may not be continuous between the pieces.

Certainly one of the most interesting featureshefT1-89 is the ability to do 3D plotting. While
somewhat limited compared to 3D computer plots ithistill an amazing feature for such a low-
cost, low-resolution device. One example will bewgh to introduce this feature.
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z SEEDJTDLIR LEVELS
i 4i1WIRE _AHD COWTOUR

=1l SEIMPLICIT PLOT
TYFE OF USE £314 + [ENTER] O [ESC] HAIN FAD AUTD T HRIN EAD AUTO =D

Here we have given a functior = f(x, y) that shows nicely in the ZoomStd viewing “box”,
namely

-10Ex£10, -10£y£10, -10£z£ 10.
Always plot the function first in the WIRE FRAME y# because it is the fastest. Then when
you are happy with the viewing “box” and the formwou can explore the alternative styles.

[ELIL] EAD AUTO El] HMAlM FAD AUTO el [ELIL] EAD AUTO =0

Wire and Contour Contour Implieibt

4. Entering Data, Performing a Regression

We show several ways to work with the data andtiplptfor a linear regression. Consider the
following table of data.

X 1.2 1.7 2.0 2.6 2.8 3.1

y 0.6 1.9 2.1 3.1 3.4 3.8

First we use the Data/Matrix Editor.
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Fir AFFLICATION: Fi- AFFLICATIONS Fir F& Fz | F4 JFE |FedF?

Lk iPlashipes.  #AFPS LLLL TP Tashipes. wRPES || [ HEL
2iw= Editor Ziy= Tupe: Daka ¥
Sillindow Editor Silindaow EdltDP .
41 Graph 41 Graph Folder: radin
=1 Tab?e S:Table :

£ a;rf'd ~1x Editor 1

: 1
e Enter=0k A c EXC=CAMCEL A

Il—ll IFr I ||'_| Ly I':
HMAIN EAD AUTO FUMC 1/30 FRO AUTO FUNC 130 HMAIN EFH FAD AUTO FUMC

Fi~ F& Fz F4 FE [FEF7 Fi- Fe Fz Fu F& |Fa- F? i
Tonls|Flek Zetur|CeT11|Headzr|Cale uti1|stut| Tools|Flok Sckur|CeT1|Header|Calcfutit|stat dinheamele
DATA DATA Fi Fz [ Fx [F4
|I:l-zFin-z t-:-w- ~ |
i z i =
o P

cl o [t = =
1 1.2 3 4 2.6 3.1
2 .7 1.2 5 2.8 3.4
3 Z. 2.1 & 3.1 S
4 2.6 7 FIIII‘
rdc=3.1 rrci=
MAIN FAD AUTO FUNC MAIN FAD ALTO FUNC MAIN FAD AUTO FUNC

F2 Plot Setup F1 Define

Mdinhexampls Flok 1

ZTZDDmIn
38 Zoomdut.
4: Foombec
58 Zoom5aor
[=H
i
8

ZoomStd
ZoomTrig
Zoonlnt

Flt!? HO*

i o ] g
¢ Enker= mu:) FEC=CAMIEL 100 —nher (et L, w2 ot 13 o

[ELIL] EAD AUTO FUHC TYFE OF UZE €314 + [EMTER] OF [EZC] [ELIL] EAD AUTO FUNE

ENTER, then ESC Y= F2 9:ZoomData

It takes all of this to get the scatter plot of thteta. Notice that performing ZoomData after the
Plot 1 has been defined gives a nice viewing windowthe plot (we are back in Function

graphing).

TEH: P1ol:FE-ztup I:FE:” H-zf:la'i-zr l:FuE:Ic Eg.l:lsﬁtl mdinhexamele Calculate m-um\»zxumﬂ-z Calculate
DATR i = Linfied &
e § fed
cl 2 c3 w28 Twolar
T [2.6__[3.1 31 EubicRes e
5 2.8 3.4 Figs? WO
& [E.1  [3.m -
7 Fllllq - [
FrCZ=
Al FAD AUTO FLUHC MAlN FRAD ALTO FUHC
Return to current data F5 Calaulat
Fi-1_Fz IF=1 F9 TFE IFE-ifr
T ls STHT YRES t
AT et
a =1.619898
| L Sai
=1 Rz =.8981z88
&
r f
P DleRI=L. BlO07os0 Ea it — | [i6i 2. 265443 uci2, 5353478
Hald FAD RUTO FUHC MAlN RAD AUTO FUHC Hald FAD RUTO FUHC

Current Stat Vars Y= Editor aPh and F3 Trace

Above we see the steps to calculate the lineaessgyn, store the formula in slot y1(x), and then
look at the graph with both the scatter plot anel tagression line. Most people found this
statistical process a little cumbersome comparetddanore advanced statistics on the TI-83. TI
has also offered a free flash application calledSkatistics List Editor with all of the power and
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ease of use of the TI-83 (and even additionalstiedl commands). Most new TI-89's come
with this flash application loaded, and anyone d@awnload it from the web site.

m— R B A
E._;-l 1Sheet. B[ | Folder Selection For Statistics Arelication list]l |list2 [list3 |listd
1nance P - 1l 1. |.&  |-—————]-==—Q
Polumomial Root Finder b Your Curkenk Folder is: m-:l.m i-% 169
Simultaneous Egn Soluwer F Seleck CUFFEnt Falder: rain# 2' 2' i
W%!FE_ Creabe new Folder. [ > e 3]
:/{_/"f' sioents 3 2.8
: . ~ listolel=2.5
FAIN G FAl AUTO FUNC UZE £ AND # TO OFEN CHOICES FAIN RAD RUTO FUNC 2/ 8
APPS 1:FlashApps Type data in lists
e L R A ] LR LT
i i| lii-Uar Stats. H List:
il;tl 1 2 Uar‘ SLELS... | 1: ¥ Lisk:
1.7 1. 'f' Erob £ 2 Shore BedEan b wEGE
2 2 5:10C Bt... ] Fres
2.6 S BiS g %:E?EEEQ ptats. q  Catedory List:
oo % 4 E:EEEREQ'" T
liztzl61=3.5 SLExpReq.. _cEnfersOE__s ¥ ESC=CANCEL 2
FAIN RAD RUTO FUNC ' 8 TYFE OF USE €314 + [ENTER] OF [E5C] FAIN RAD RUTO FUNC 2/ 8

- =-1.1344z88
1.]w =1.519898
2. r2 =.0H1zBB0E
2. =.99050085 wyS=-1,1344357755102 + 1.6
%- 3 3%:
115t2[6]3 ] oltmr=1.6loadrdadlaarsxt — | [-x5:2. 15 Joi2. 3483418
MAIN FAD AUTO FUNC 0 | |HMAN FAD AUTO FUNC RN FAD AOTO FUNE

Statistics, including linear regression, can alsalbne in the CellSheet flash application, which
gives a mini-spreadsheet for this family of caltoils. The CellSheet costs extra for the TI-89
but comes loaded in a Voyage 200.

5. Solving Equations

We can solve some equations exactly with the symbmmmand F2 1:solve( in the Home
screen. We can also solve equations numericallhpenNumeric Solver application. We can
also graph both side of an equation, and seektarsettion point. We demonstrate an example
of each method.

Fir] Fer [Fa=| Fir [ FE Far
Too15|AT13ekra|Calc|Other |Frami0| Clzan Wk

HFFLICATIONE
Thlindow Editar
tGraph

il
ot Tah?
-4
It

Oata-Matrix Editor :

Praogram Editor
Ed1pnr .

= HewProb Dohe

DI
lsulue[24 ><3—2 xz— 11 o EH
=1

L L —11*>< 3 x) Lk Pk 3~ 2*><’"‘2 11#w—3, x)
MAIN FAD ALTO FUNC 1z | [Fam FAD AUTO FUNC e |

13



th e Thate| soave|araph|zet torsorliansctr aez..] || [Tosslsnio LY r.al
Enter Equat [=T3] 2™ I-PantZ=1 1413 EEERE] | & Grraph Uliew
eon i 2o F- 2 2] 13 e | = 3'2 ST Jiew
=1 - oom
bound={-1.e14,1. 14X biound i:50omFiL

FHIN KAD AUTO FUNHL RN FiAD AUTD FINC TYFE OF USE £314 + [ENTER] OF [EZC]
Enter Equation Ready to Solve Gramit — Right”
F1 F3 i Fiz| FE | Fe= it FE [ _FB Fi-| Fz | Fer &) FE [ FB
tl Tools|ZaTue|ararh|act Cursor|EAns|C1r a-=... Toals|Zalug|GrarhfGet Cursor|Eans|Clr a-=...
2efabe " F—2ep 2 1 24*:&"3 22 24*x"3 2ok ’“2-
#= |
bound={-1. el bu:uund 1. el
mleft-rt=4, e
HEE .3 HCE. 3 ®oi. 3
gL 163 il 168 uci.led
FHIN KHD RUT FURL | FhIM FifiD AUTD FUNEC [ZEE] RHD ALTO FUNC

Trace for approximate Seed solver, F¥&ol  Numeric Solution

H SFE . oy P o '\- o
~FLOTS e [
gl=2 w0 - 2ol ﬁ-s.a-u.s e
wgz=11% - 3 SB[ 5.9 9.6 L
gfl 4 |-l.o68[ 7.4
s -2 [-.773[ 5.2
Q5= a, R Gor _
L= Antersection
U3 Cxd= ®=-.8 KGR ~a 7O gci -11.25
AN FEAD AUTO FUMEC MAIM FAD ALUTO FUHWC AN FEAD AUTO FUMEC

There is also a free flash application that findmerical real and complex zeros of polynomials.

FLAZH AFFLICATION
Calculus Tools

CellShest ¢| |Folunomial Root Finder 3,30+, 43,008, =0
BlfETTE r _. o Degres=8 a,=24.
E g= ) -32:2.
Statst15t Edltnr* a,="11.
S Presidents 2,6
11/2 o ® = 1/3 ar ><= '3/4
e P Ik P =1 1w —F, w2
R[N WEW RAD AOTO FOHC E/50 | |EMTER AM INTEGER FROM 1 TAROOGH $0 FTRIN FAD AUTO FOHC

Solutions
e - 2238416l

#p= o Zr025d 14+, 120936 154
HyT e ITE239 14— 1209961544

HMAIN EAD AUT ENE USE » = T0 GO TO MEXT ZO0LUTION

6. Programming

The early graphing calculators had relatively f@atfires. Thus there was a need to write short
programs to do many of the activities in pre-calsuand calculus. Now as | look back at the
calculator programs that | wrote 10 or 15 years &§ad that most of the things I tried to do are
now easily provided to the user in some commandpmiication. Still there is occasionally
something we want to do repeatedly that is notprevided. Here we simply look at an
example of a function-type program that returnsalue. This provides a more understandable

14



way to implement a piecewise-defined function wittany pieces. Consider the following
function (a B-spline).

1%, if 0 £ x<1

%4(-3°+15¢- 15¢ §, ifA x 3
b(x)= %(7%- 75X+ 255% 265 , if8 x .

1(5- x)°, ifEA x<

0, els
5 emm— e — 7 — 0| 7 O 7 S A
1:FlaszhA ps +HFPPS 1:FlashH p-s +HPPS -
2tY= Edi 2:%¥= Edi i MEM ™
St ndaw Ed1tn:|r'~ 3t me-:h:nw Ed1tnr‘~ -
4:Gra 4: Type:
S:Table i i I=H Tab e Foldgr:
5ilata<Matrix Editor k &i0ata Matrix Editor k Yariable:
1:Current FUMAEIRETE ]
23 1ror L Z2:0p
HAIN FAD AUTO FUNC 0750 | | HAN FAD ALTD FIONC 0730 | |FRIN FAD AUTO FUNC
Fi-| Fer |FiF4« FE | For Fir| Fe~ |[FqFu FE | Far
Towls|Conkral]l/0|Var|Find..|Mede Touls|Contial I.-'I:Il'.'ur' Find... H-:-d-zl Tounlsfl
- HEH =) thea = 0
: tFunc 1t [f. Then.Endif
Tyvpe: Function * :
Foldgr:  main® EndFunc :
wriable: ] 4=Tr'=| Else., EndTr‘u
71 Custom, ErdCuste
El-LTr*ansFer*s [
TAIN__ W RAD AOTO FUNC TRIN FAD AUTO FUNC TRIN FAD AOTO FUNC
Fix | Fer |FE+{F4+ F5 | FEr ] Fi-|. Fir |4+ FE | FGr ]
Touls|conkrolfi/ovar|Fing.. |Mode Touls|centro]l/0 [var|Fing.. |Made
HTEN fEIl=eIf x<d Then
tFunc ! Return (Fx™3— ?5><"2+255><—
FIf x40 Then 2650 <24
! Return o tEl=elf =45 Then
fEl=elf =<1 _Then ! Return (5—x2"3-8
P Return x3212 iEl=e
fEl=elf ={3_Then ! Return @
! Return « 3x"3+15><"2 15+ fEndIf
Saeo2d f EndFunc
FAIN FAD AUTO FUNC TTRIN FAD ALTD FIONC MAIN FAD AUTO FUNC
HCIZ2.FZ21519  uci.GlEEYTY3I3
TR FAD AUTO FUNC TTRIN FAD AUTO FUNC

A function-type program returns a value (or an btge& object). Thus it can be used in the
Home screen, in the Y= Editor, and in other plgoss as you would use a built-in function. A
program-type program will display its output on @ screen while it is running. Generally
you cannot use the results outside of the progsgraprogram.
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7. Saving Your Work in a Text File

You may do a sequence of command lines in the Heeneen that you would like to save for
later use. Perhaps you have not finished, butngmd to do something else with the calculator
now. Perhaps the sequence is appropriate to wse agd again (somewhat like a program).

We show here how to save the command lines repegsénthe history.

Fir] Fer [F3e| Fir [ FE Far
Too15|AT13ekra|Calc|Other |Frami0| Clzan Wk

Fix] Fex |Fa=| F4r | FE Far
TooT5|A13cbralCalc|Other [FramibjClean Ur

B factor;ll 24000727 7P Padvaip

- A% 395473 12931719
11z4n0a7277rrenvesnnnn | 219 3% 5473132 4347
B factor 112400072777 YEO7ER 222 r
219.3%.5%.73. 1121317 . b 23223 155532595 20000
anstla 2220 L2220
FMAIN EAD AUTO FLMC ) FAIN FAD AUTO FUMC A0 HUTD FLMC
e el debr al fave|nkhar P dpain|c1dan o T e|ind e a|Eate|nbhe e arin|cd o u i ARFLICATIONS
LLaH ebFa|Call] & F|FFIn wanh UF| LI H ebFa|Cal] 2 |FF3Im &an UF| Halg 1=F1a5hH ps *HPPS
LR ¥ ZHYE COFY AZ 1Y Z2i%'= Edi
- I Slindow Edlt.-:ur*
Twre: Taxk 19 3:Gra h
Folder:  main# . E: EaE — =
n variable: om ] b iData-Matrix itor »
?iFrogran Editor )

|aja]o]

gy
EAD AUTO FUMC /30 HMAIN FRO AUTO FUNC [T HMAIN EAD AUTO FUMC [FET]

Give name to text F1 8:ClearHome
Fix AFFLICATIONE [ FivI Fer I 531 T4 ] FE I ‘I I’ FivI Fer I E3-I & I TE I ‘I
Tmﬂ:m Tools|Command|Vicw|Exe cute|Find...| Tools|Cammand|Wiew|Execute|Find...
28= Edi h OFEN - EE%Z!
Z11lirdow Edlt-:rr* ffactor(ll 24000727 F7PFEOTE
4:Graph Topi: Text . EEEIEIEDA . N oy
Sitable Falder:  maains Ct 2P IS UG a7 T 17 2¥13
Euf Data-Matrix Editor » Variable: [T :
TEErrren e
§ Hew...
|FRIN RAD AOTO FUNC /50 | |UZE € AMD & T0 OFEN CHOICES TRIN FAD AOTO FUNC

Notice that the actual value was inserted wherewerused the ANS key or a continuation
computation. This text file can be edited, perh&mpput “ans(1)” into these places. With the
cursor within some line in the text, press F4 Exeda have that command line (preceded with
the “C:") executed back in the Home screen. Mdshe time, we select under F3 View 1:Script
view to split the screen vertically so that we sae both the text file and the Home screen result.

8. Units

Calculations for science and engineering alwayslwesunits. Mathematics instructors are often
guilty of ignoring units (really they just assunteey are correct). The calculator has several
features that help you work with units and standaodstants. First, there is a Page 3 Mode
setting for the default unit system. The first talwices are the metric system (Sl for System
International) and the English system. Above tBeKey is the Units command to bring up the

units menu. They have tried to give you unitshi@ brder most often needed (not alphabetical),
so explore what is given.
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Fir] Fér |F3«| Fir [ FE Far
Tools|A13ebra|Calc|0ther [FrAmIO|Clgan Uk

K HIOBE

Fi T Fz T Fx
Fads 1[Fade z|Fade 3

T[St 1:51
st (4R |
Temperaturs.
. Iﬁur\ﬁin-:;:usflrél:-ztI i
’ bl I w3 _mi 4328032 _m
:

———— N —
AN FEAD AUTO FUMEC 030 TYFE OF USE £*14 + [EMTER] OF [EZC] AN FEAD AUTO FUMEC 130

You type a number and then attach the unit aftdt is easier to get the unit designation from
the menu. You can also type the symbols, but edtiat all unit designations begin with an
“underbar”. In the third figure above we have diteat miles to 3. The calculator automatically
converts the result to the mode-specified unitesysthere to meters.

You can also convert from one unit to another i $hme category. Simply type the desired
number, attach the original unit, press the “baidw” above the MODE key, and attach the
new unit desired.

Fir] Fér |F3«| Fir [ FE Far Fi~] Féx |Fi-| Fu-| FE Far Fir] Fér |F3«| Fir [ FE Far
Tools|A13ebra|Calc|0ther[FEImI0|Clean Uk TooTs|A13ebra|Calc|Other [FrAmiO|Clean Ur Tools|A13ebra|Calc|0ther [FEAmIO|Clgan Uk

fonlC R L L [ g L Y e TS S IS TTI T _FIMTF _TTL e TGS IS0 _TTI
#0efine force =5 _H Done| |w 2 ERROR e
" 0efine mass =11-_gm  Done| (" jeensistent units

B soluelforce = mass-accel , k| |®

"3 _mi 4528.032 _n accel = 454, 54545 . -

WS _kmb _mi 3. 1DEESE- _mi z SEECCANCEL 2 _
T=_FFr_°C

AN FAD RUTO FLUMC 2430 AN FAD RUTO FLUMC B/

If you assign units to objects in an algebraic egpion, as in the second figure above, the
“solved” variable will be given the appropriate tsn(in the mode-selected system). For some
strange reason, temperature conversion does nétimtine same way. Look in the CATALOG
for the command tmpCnv().

Fir| Fer |Fa=| Fi= | FE Fé T
Toulz|i1debralCalc[Okher|FramiDfciean Ue T UNITE

T -
accel = 454, 54545 - = Lndth

-=

CATALOG

m25._2F » _°C
Error: Inconsistent units
B impChul2S - _°F, _°C)
-3. 8888889 _°C

rhmp G
etmpChw
Toolbar
Trace tLmpCral 25_2F, _?C)
ERFRLJERFRE HAIN RAD AUTD FINC 770

The first line of the units menu gives many comnoomstants from science and engineering.
For example “_Gc” is Newton’s universal gravitatioanstant which in the SI system equals
6.67259E 11 in nt/(kg-<).

9. Connecting to a Computer, Other Applications

All TI graphing calculators come with a short calie connect one calculator to another
calculator. A GraphLink cable is for connecting ttalculator to a computer. Older GraphLink
cables (grey and black) plug into the COM port &f@ or the modem port of a Macintosh. The
newer GraphLink cables (silver) use a USB connactfor both PC’s and Macintoshes). You
will need such a cable to upgrade the OS or to tlmaghnew applications. You can also save
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your work (text files, programs, functions) on tt@mputer. All of the figures in this document
have been obtained using the GraphLink connectiofhe Voyage 200 comes with the
GraphLink cable and software. TI-89 users may wanpurchase a GraphLink cable (about
$20). The newest TI-89 includes a mini USB conioecand a cable to connect to the USB port
of a computer. The latest computer software famneation with the GraphLink cable can
always be downloaded for free from the Tl web ¢itdp://education.ti.cojn The Arts and
Sciences Computing Labs on the third floor of Rétadl have GraphLink cables for both PC’s
and Macintoshes and the required software on theise On the new engineering campus, the
CEAS computer lab has the required software onstrger and you may check out a USB
GraphLink cable from the desk.

We have already mentioned two flash applicatioas #ne free, the Statistics List Editor and the
Polynomial Root Finder. Other free flash applicas available now for the TI-89 are Calculus
Tools, Finance, Simultaneous Equation Solver, Syimbdath Guide, Study Cards, and US
Presidents. Cost flash applications include Ce$i{mini spread sheet $15), Equation Writer
($15), EE200 (circuit analysis $20), ME*Pro (medlahengineering $50), EE*Pro (electrical
engineering $50), The Geometer’s Sketchpad ($3@),Gabri Geometry ($30). Some of these
cost applications come preloaded in the Voyage Ré€cently they have added a free Organizer
(address/phone and calendar/appointment book) Fis family of calculators. See
http://education.ti.conn the area for DOWNLOADS for your calculator motefind out what

is available.
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Chapter 1
Functions and Limits

Function is a data type in the TI-89. There arenynthings that we can do with certain
functions. This is loosely coordinated with Chapiteof the textUniversity Calculus: Elements
with Early Transcendentals (WMU editignpy Hass, Weir, and Thomas, Pearson Custom
Publishing.

1. Entering and Storing Functions
In the Home screen we can store a formula for atfon using the Define command or the

STO key. We can use any variable name (up to eigitaciters beginning with a letter) as the
name for the function.

[

F3 Far
LLER] = o T |Unit| S raboT|InkcFnat'

1+ F2~| Fo= [Fux|_FEv FEr | Fr 1+{Fe| For |F4r|_ F5= FEv | Frr

war|Fce|soTuefunit)svrabet)internatn|Tas war|Fixafsolue]unit)svmbetfinternatn|Tae
B Oefine fx)=sinix) - cos(Z-p
Dahe

s
-] o
B Oefine Fix)=sinCx)-cos(Z-k n _
Done| |- F[f] 1

Tool

Line fix) =sindxikco:
FAD AUTD FUNC

)]
[ELIL] EAD AUTO FUHC [FED] 1730 [ELIL] EAD AUTO FUMC EFEL]

Custom menu items

Fir| Fer [Fav| Fur | F& Fa™ Fix| Fer |[Fav| Fur | F5 FEv
Touls|at3ebralCale]other|Framin| Clean U Tools|13cbralCale|Other |Pramin|Clcan U MAR-LINK LA
T T ZJ = Fi~ | Fz | FE=|F4 [FEq_ FB P
LR = 0] Manade|Vicw|Link| ~ |11 |contents|Flashiees,
"Define 9=5+2-x— 13 x<+F| [ enter=d =T 18

it - eqn
" F[ 2] 1 Sl exanple DOAT

mglx=1 -z H FLH
mOefine 9=5+2 % — 13- %2 4} | force  ESF
Done| ["9]x=3 2 i

Define g=5+2x 3| =3
AN KAD AUTD wrzo | |HhIN FiAD AUTD FURL 530 | [MAIN___ WW EAL AUTD FUNL 530

T

Lt L |

1
)
o
I

ACIDA

Notice in the first row of figures that we definéumctionf(x), which we can evaluate using
function notation. In the second row of figure® mame an expression instead. To evaluate an
expression, use the vertical bar to temporarilygasa value tox. Pressing the VAR-LINK
keystroke brings up a list of all the variablesiled, the data type, and the bytes of storage
required. While a variable in the VAR-LINK list leghlighted, you can press F6 Contents to
see one screen of the definition or program (wisalsually enough to remember what you have
stored here). If you press ENTER while the nanteghlighted, the name will be pasted into the
command line. If you press the destructive bacvamhile the name is highlighted, you can
delete the object from memory.

Fi=| F2= [F3=| Fir | FE FE~ Fi-| Fz- F31-| Fli= | FE | FE~
TooT5{A13cbra|Cale|Othek |FEAmID)CTcan Ur Tod15|A13ebra|Calc|Other|FEArMID|C1¢an U

m0=fi 20 )—ﬁ

. -2 efine W2(x)==—17
®Oefine 92 TEaT1 Done
Done| (@ cos(2-x — 31+ g3 Done

Line yZ2lx =41 C5H+1 0 w—F IRy
TMAIN FAD AOTO FUNC MAIN EAD AUTD FUNC 1/30 | |MAIN AL AUTO FUNC 2750
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You can store a formula in the Y= Editor in thesthways demonstrated above. All three
functions will end up showing in the Y= Editor seneand will be selected (with the check mark)
since they are new. Again, | highly recommend ttoat look at a table of values for these
functions before trying to select a viewing window.

T T R E'J:v RN ] rhiie|zhem|Trace|ke e arh|riath|nran F.i'nlf-:"
X ol [FF [T wmin=-16. 1=
hﬁ-.aa? -1.9E[-. 538 xmax=10.

5. .9 -1.75] -, 545 xaelily fﬁ f\

-8, c.dav)-1. 54, 9887 Umax==z. )

T .12 |-1.32) - 3RS yscl=1. Kf

6. [-.138-1.1 [-.78 xres=l.

®="10. _xc i 4. 43E3797)) uct L OERE98EE
FAIN RAD RUTO FUNC HMAIM FAD AUTO FUNC FAIN RAD RUTO FUNC

2. Composition of Functions and Inverse Functions

There is no special symbol for the compositibng, but it can be accomplished vla(g(x))
in the Home screen. Where possible, the resultowikimplified.

Fir Fer F31-| Flr F& Far Fi-~ Feér |[Fi=| Fu- FE Far
Too1s|ATAcbra|Calcither |FrAmi0|Clean e Too1s|A13cbra|Calc|0ther |FE3ami0|Clean Ue
mDefine Flx1=2 %% — %+ 1
Done
] 5 B lefine glx1=5-x+4 Done
"hefine foa=2wt=wtl | leraco  so-xZ+7s.x+29
S.:x+4  Done 18 %% -5-x+9
st

= HewProb Dohe

mOefine af

HMAIN FAE 3030

FAO AUTO FAE SiE0

For any real-valued functidi(t), plotting the parametric equatioxs t andy = f(t) gives the
graph of the functiofy and plottingk = f(t) andy =t gives the graph of the inverse relation.
When the functiori happens to be one-to-one and have an inversedantt®, the plot of the
inverse relation will actually be the graph of theerse function. In Parametric graphing, we
may be able to restrict the domain (via the choidgnin andtmax in order to make the plot
one-to-one. Notice that you can trace on eitherecu
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In Function graphing mode, the calculator provide®smmand to have the inverse relation as a
“drawn” object. However “drawn” objects cannottb&ced, and they disappear when the graph
is re-plotted for any reason. It is also hardestrict the domain in Function graphing mode.
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For very simple functions (little more than lingelynomials), the solve command in the Home
screen can enable us to find the formula for threrse function.

Fi-| Fe= [Fa=| Fu=| FE G- Fi-| Fer [Fe=| Fi= | FE FE=
Tonls|i1dcbra l:uh:ll:lth-zr Frami0|clean U Tools|i13cbra|Calc|other [Framinfcizan ue
"0efine fix)=3-x+5 Done =
Beplusiy=3-x+3,x) 3

- : #x—5
w = '535 B Oefine gl === Dohe
. ®= 59 R A=) E
n =

Define glx) I Donel g al Fi ) -
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3. Trigonometric Functions

The calculator provides the trigonometric functiémsthe sine, cosine, and tangent. It also
provides an inverse function for each (on a suptadsétricted domain). The other trigonometric
function can be computed from these, but it mighhlze to have them defined permanently. If
we use variable names longer than one letter, tttenommands in the F6 Clean Up menu like
NewProb will not delete these functions.

Fir] Fer [Fa=| Fir [ FE Far
Too15|AT13ekra|Calc|Other |Frami0| Clzan Wk

B [efine coble) =ﬁ(9)

y2=secix)
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We can also compute the inverse functions for ttangent, secant, and cosecant functions in
terms of the inverse trigonometric functions pr@dd There is simply a question of the most
desirable domain and range. For example, if weedse inverse cotangent, we consider the
following algebra.

y =cot(x)= tan(x)

tan(x):1
y

x=tan* 1 implying that cot ( 3 tah 1
y y

Most people do not like this choice of range fa hverse cotangent (and it leaves the problem
of what to do withcot * (0)).
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sul=cot iswlLi

SIS ~ MAIH=

yZ=tanif— acot FUHC 44
3 b3 . . . = - - SCEC FLIHC 1g

ug= =p

'55: . . . . . . bzpline FUHC 335
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As in many computer languages, we use “acot” agdn@ble name for the inverse cotangent or
arccotangent, and then “asec” and “acsc” for tineaiaing inverse functions. Make the
following definitions to have these functions.

Define acot(y)=when(y<0,tan ~*(1/y)+p,when(y>0, tan ~*(1/y), p/2))

Define asec(y)= cos ~*(1/y)

Define acsc(y)= sin ~*(1/y)

When you want to use these functions, you can reiyfpe the name or you can get it from your
VAR-LINK list of all of your variables as in thedafigure above.
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By the way, all of the above steps are not neefdgabi will simply upgrade your OS to at least
version 2.08 where the “other” trigonometric functs and their inverses have been included.
Since the variable names “cot”, “sec”, and “csctdme reserved words in the newer versions of
the operating system, you will not be allowed tefk@rograms around with these names.
Further for OS 3.0 and later (which is only avdiator the TI-89 Titanium and the Voyage

200), you can turn on the Graph Formatting optmm‘discontinuity detection” to avoid the
vertical asymptotes rather than needing to us dio¢' ‘style for graphing the discontinuous
trigonometric functions.

ST F1 R
Conrdinates .. RECT ¥ “FLOT=
FIEETER TS it wyl=cokl )
= OFF » wigZ=cotdlx)
o N+ EE_
o OFF + Hgf
a I:lisc-:-ntinuits-' Deteckion 37; \\
0= PRIV e, yet 1. 57O7963
FAIH RAD AUTD FUNL TAIN, FiAD AUTD FURL FARIH KA AT FUNL

T1-89 Titanium OS 3.10, cotangent and inverse agg¢ahprovided in the catalog

4. Average Rate of Change

The concept of average velocity and average ratbarfige for a functiorf : ® " involve

the formula
f (tz) - f (tl)
t,-t,
For a given vector-valued function, we can do nuca¢and symbolic computations directly
with this formula.

Fi-| Fer |Fa=| Fu= | FE F&~ I_] Wmﬂ FE~ m WW_]
R R i e Toats|A13ckra|Calc|nther |Framinfciean ue TouTs|i13bra| CaTe|nther |Praminfc1ean ue
frdy— il T.=— 1
= HewProb Oone| ["— 4=1 [5 21] ool 1y - fidy ERE
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T (5 21 [T [2.1 3.31] P
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After using the formula directly a few times, yougim seek a shortcut. This is such an
important concept, that the average rate of ch@sgiven as a command. The easiest way to
find this command is to use the CATALOG (pressimg key with “A” above it to move to the
part of the catalog with commands beginning with) A

CATALOG Fir Fer [F3+| Fur F& Far Fir Fer F31'| Fir F& | Far
Tools|AT3¢bralCalc|0ther |FFAmI0|Clsan Ur Tools|A13¢bra|Calc|0ther|Framid|clean Us
[h+2 h<+3 h+3] [2t+h 3 t<+3 ht+h7]
gng%e{ laugRE(F(tj,t,zh) 5 "2 t+h FLZ+3 hot+hilk
apeross [2:4+h 3t2+3nten?] [hez h2+3-hes]
arclent ob+h TLZ4T k-t +RER| [maugRCiRCLL), L, £2 - £1)
b augREL [h+2 h2+3-h+3] | [t1+t2 £1Z2+41-12+122]
PEin 5 £13 =1 ;F.u:: CFihly, b1, t2—t1)
EXFFRaYARLH] | FAIN FAD AUTO FUMC B0 FMAIN EAD AUTO FLMC 8/%0
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As with many commands which we are just startingge, we can make sure of what the

command is doing by applying the command to uneefivariables.
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= t.Expand[
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5. Using Graphs and Tables to Investigate Limits

The limit concept is first intuitively approached lnoking at graphs. Consider the piecewise-
defined function

X, X<1

X2, 1£ X

where the most interesting question is what happdrenx approaches 1.

f(x)=

HMAIN KAD AUTO FUMC

0.8Ex£1.2, 0.8Ey£1.44

KAD AUTO FUNC HMAIN FAO AUTO FUNC

-1EXE2,-1£y£EA4

Thus there is graphical evidence tlﬁg} f(X) =1 and that this function is continuous. We can

also explore this limit numerically in a table. rfmits, it is best to select the “ASK” mode for
the Table Setting involving the independent vagalClear the Table of old results, and enter in
x-values approaching 1 (both above and below).

[z LFer TS hio| sebue | Lot He mbar|peh Bow|in fow
= gl
.9 .9
L E T 335 ]
DR, 1. 067 |1 HEaoEs
1. 0E005 (1. 0081
Independent....... R 99999
ZTHSK ]
. %=.99999
TFE OF UZE £374 + [ENTERI OF [E50T |FiEm FAD AUTD  FURC FIRIN FRD AT FUNC

The most interesting limits arise from taking thverage rate of change over a smaller and
smaller interval. E.g.

u(g(l) where f (x)=

f(x%+h)- f(x%)
h
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The numerical evidence seems to suggest thatrtfiehere is about 1.

6. Symbolic Limits

In the Home screen, we can actually ask the cdtmula find symbolic limits. It knows the
patterns and rules to find many limits exactly. pAgpriately the limit command is in the F3
Calculus menu (as well as in the CATALOG).

Fir| FE- [Fa-| Fur | FE [ Fé- Fiz| Fe- |Fi<| Fu-| FE | Fé- Fir| FE- [Fa-| Fu= | FE [ F&-
TouTs|Ataebra| Calc| Ot bk Framin|clean e ooz ebra|Cale|Dter|Framm|ciean e Touls|Ataebra| Calc| ot bk Pramin|clean e
T T T . .
h+o " lim signix) -1
cos(t) -

n NewF’r*DL'.n . Done| | lim =ignis<) 1| |ueignem sign(
- lim[51h(t+h)—51htt)] wal* "
b+ h " lim zign(s) -l |= 1im [T] w
coslt) Edtl a0

LCsinChthi—sindtaisha b, O limitcsigng (.0, ~13 limit(fihrsh,h,@,1)
FiIN KD AUTD FUNL FRET ) [ETTS RifD AUTD FUNE 5750 | [FAIN kD AUTD FUNT B/E0

The optional last argument for the limit commaneegi one-sided limits (with the limit from the
left if the number is negative and with the limibrh the right if the number is positive).
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Chapter 2
Differentiation

We consider in this chapter symbolic and numercathputations related to the differentiation
rules. We also explore implicit functions and impldifferentiation a little more than the text
does. This is loosely coordinated with Chaptef the textUniversity Calculus: Elements with
Early Transcendentals (WMU editigrijy Hass, Weir, and Thomas, Pearson Custom Puigish

1. The Derivative Definition

Highly interesting to us now are limits involviniget definition of the derivative.

Fir FZr |FZ=| Fhr FE FB+ Fix Fir |[F3=]| Fir FE Fe=
Tonl15|AT13cbra| l:uh:ll:lth-zr' Frami0|Clean Ur Too1s|AT3¢brajCale|Other|FramI0jClean Ue
TT L=
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The history indicates that a limit does not exigtle notation “undef”.

2. Graphical Derivatives

While looking at the graph of a function, we camlexate the derivative at any point on the graph
or have a tangent line drawn. We consider firat-valued functions.

Fi- | Fer| F¥ & FB~ | Fr+|fE
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The tangent line produced by the F5 MATH commaral dsawn object on the plot. Thus you
cannot trace along the tangent line, and thisviledisappear when you make any change to the
graph (zoom, scroll, change the functions selededhange the window). You would need to
type the tangent line as a Y= function to get aivagraph including it.
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after a ZoomBox

3. Numerical and Symbolic Derivatives

From the derivative definition, we know that a dative (if it exists) can be approximated by
the following.

FOo+h)- (%)
h

Whenh =r > 0, this is called gorward difference approximatio

f§x;) »

, and when

106+ 0= 1)
r

h=-r <0, this is called Backward difference approximation
FOo-1 () _ fOr fO& 1
-r r
The command “averRG(f(x),x,h)” gives us a convehigay to compute these. In general, one
of these approximations will tend to be larger thanderivative and the other will tend to be
smaller. Thus it is reasonable to expect the @eeod the two to be a more accurate
approximation.

Centered Difference Approximation
1 f0e+- fO) , , fOR)- s H_ flx B (x B
2 h ? h 2h

This numerical approximation is provided by the@®&@c command A : nDeriv(
Note that all of these derivative approximations alwvays be computed, even when the
derivative does not exist (or even later when there rule to find the derivative).

CATALOG Fi-[ #o- |F o [ FE | Fa_ I’rivI Fer Irzv] ruvI FE ] F&~ I ‘I
= EH not [FEAMIO) S o i Tools|A1d¢bralCalc|0ther|Frami0|Clean U
] e N HeLFFoh Tone,
ncr§ B rDeriu] ), =0
rer iy . — -
Heohies SEE. .(th+.ElEll:| iz —.0p
HewFaold = HewPraob Done| (@ mDeriv =), =, k)
ﬂewhlﬂei ® pDer il fixd, 2 S(Fix = k) = £l + R
HEHP al-: SOE. [ fEx + 001 - fix— 0O 2-h
HewF 1ot nberiuvcf Cxd, =) E-r'-i'...“i Fixd,®.hd
ERFEsURRLH MAIN FAD AOTO FAF 177 | |MAIN AL AUTO FRE YT

Defaulth = 0.001

27
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The symbolic derivative operation is provided ie #3 Calc menu by the commandd :
differentiate. Note that you can also get this owmnd on the keyboardf28”) and that this is
a special “slanted” character on the command iifech is different from the letter “d”. We
will explore the symbolic derivative command manghe next chapter.

3. Exploring Differentiation Rules with the Calculator

Warning: The fact that the TI-89 “knows” the differentiationles does not relieve you of the
responsibility to learn them for yoursel©Once you become fairly proficient at differetiba by
hand, you can write down the derivative much fagtan you can type in the function and have
the calculator do it. Most instructors will wand test your knowledge of the rules of
differentiation in the absence of the tool. Use tbol only as an aid while you are learning the
rules.

We explore various ways to see that the calculatows the following rules:

Theorem Suppose that c is a real number, that f and g aed-valued functions so that
f and g’ are defined at x, and that n is a postinteger. Then

@ (cf)%9=cfg¢xn. (Muliple rule)

b (f+g)%x0=f¢)+geR. (Sumrule)

© (f9)%0=f€) AW+ f(§ g¢¥. (Product rule)
d) a(x) =nx"

dx
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When we ask to the calculator to differentiate sitving undefined, it tends to indicate what it
will do as far as it can. Effectively the “ruleabove allow us to differentiate any polynomial.
With a little practice, you can write down the dative of a polynomial much faster than you
can type in the original polynomial. You can use talculator to check while you are first
learning, but as soon as possible, you will warlbtse your dependency upon the tool to do
simple derivatives.

Certainly the calculator knows and can implemeatghotient rule and the chain rule. It can
actually “show you” the abstract quotient rule (sundefined functions) but it needs to know
the “outer function” to proceed with the chain rule

Theorem If f and g are a real-valued functions defined @prpriate subsets of and
differentiable at t, then

(a) D 1 (X) — g(X) qu)_ fz( )9 g@))
g [9(X)]
() D(f g)(®=D(f(g(R))= f{d3) g¢x (Chain Rule)

(Quotient Rule)

B HePrab Dok

d [ fix
. E[ﬁ] Lirean Elata) foo
=T I:g( ij 2

2L (F00)- 3000 - 30) - F0)

B combenomansCly

(g(xjjz
n L reaean) L pear
dx i

'%KEiﬂ(g(xm cos(a0x)) -%Eg(x))

5. Implicit Functions and Plotting

Up until now, you have tended to only work with éilons for which you have a simple explicit
formula (such as can be easily typed into the Yi#dEd We now start to work with functions
which may not have such a simply-found formula.n€ider the set of all pairg,(y) in the plane
satisfying the equation

x>+ y® =6xy.

You can easily verify that the pair (3, 3) is imsteet. We wish to claim that if you specifyxan
value near 3, then there is a corresponginglue (also near 3) that still solves the equatidre
can use the numerical solver to see how this wiarnka few values.
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We say that the equatiox? + y* = 6xy implicitly defined a function near the solutionipi, 3).

What we want to do now is to get a plot of thisdion on the calculator.

CATALOG
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The trick is to make
use of a command line version of this numeric sphich can be found in the catalog.

+~FLOTZ
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Command in CATALOG

It is strongly suggested that you do not make youtial viewing window too large. Also since
it takes a very long time to do this plotting, $¢beres= 2 or 3 to reduce the number of points
plotted (and the time). [You must turn “Discontityudetection” OFF in OS 3.0 or higher to get
this xres setting option.] Finally select the DG¥les because this function might not be defined
for the wholex-range given (the one above is not), and the LINEe snight “drop down” to

[ELIL] EAD AUTO FUMC

HMAlM EAD AUTO

[«

3.
FUNE

“Seed” is last argument as3Y% O£ x£ 4.5, 0Ey £ 3.5,
Press TRACE, type= 3

another implicit function defined by the same edmnat

To get a larger plot of the solution set for thigiation, we expand the viewing window a little

and put in some additional numeric solver commanitis different seeds.
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|‘F ]’ FE™ ]’ TF Trsv*l’ FE™ N 1 5 FE= [ FE™ [FT T
» f—|Zocom[Edit| ~|All|Stule]: T ] - E 200 Tr‘ac,e Regraph Math|Oraw|- Fﬁ

.nPLI]TS ........
L B

~’u1=n5u:ulue(x3+'=|3—6 % U,y =3)
~f'=|2=n501ue[><3+l=|3—6 Hog,g =0
wyZzpSoluelx +ud =6 vy, u= -3
J4=1

HMAIN ERD AUTO FUMC HMAIN EAD AUTO FIJNIIZ

Voyage 200 screen, Y= Editor -4.5£x£ 4.5,-3.5£y£ 3.5,xres= 2 (plots slowly!)

From the plot, we can guess that for 3 there will actually be three different solutsofor
possibley-values which solve the equation. We can go bacté interactive numeric solver
and try these alternate seeds to find that3 or about 1.8541019662496-@}.8541019662499.

The TI-89 has implicit plotting as a style in 3Daghing mode, but you cannot easily add the
tangent line or trace along the curve (as we wdhtto do in the next section), so the above
seems better for a Calculus 1 class.

I HMOBE K

F1 T Fz [ Fx
Fadg 1|Fadg Z|Fads ¥
Grarh T

[ELIL] EAD AUTO FUHC TYFE OF UZE €314 + [EMTER] OF [EZC] [ELIL] EAD AUT =0

Select 3D graphing  z1=x"3+y@x*y F1 Format Style -4.5£x£4.5,-3.5£€y£3.5

6. Implicit Differentiation

Once you get a rough understanding of implicitlyhalsd functions, then you can ask for how
we can find the derivative for such a function. tutns out that this usually ends up to be
implicitly-defined as well. For illustration purpes, we go through the steps for what is called
implicit differentiation for x> + y* =6xy.
3x° + 3y” 2 dy _ = 6y+ 6xoIy
dx dx

3y2$/- GXQZ 6y 3X

dx dx
(3y2- GX)ZZ 6y 3%

dy_6y-3¢ _3(2y- %) 2y %

dx 3y - 6x 3(y2- 2x) Y- 2X
In particular, since we know that (3, 3) solves dhiginal equation (giving us the “top” function
in our plot), then we can compute the derivativer¢h
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dy _2(3- (3)_

Xy (3)- 2(3)
In a similar fashion, we can find the derivativéshe other solutions correspondingxte 3.
dy _ 2(1.8541019662496-) {3 )_
dx x=3,y=1.8541019662496 ((1 8541019662496) ) 2(3)

dy _ 2(-4.8541019662499 ) {3 )_
O]y y-- s ssaronsmzase (- 4.8541019662498) ) 2(3 )

2.0652475842

-1.0652475842

We now add the tangent lines (for the “top” funot@and the “middle” function) to the plot we
have of this curve.

TrFET_FET 1. ¢
v{—ZnnmEmt v’FIllStl=.|le- <:=-=...T ]

&FLOTS

wyl=mSoluels +ud =6 w-y,u=73)
3

wyZzmSoluelxS +ud =6 -y, u=0)

wyzensoluelxS +uS = 6w u,u= -3

wigd=3 =[x = 3]

wuS=1. 35410195625 + 2. 06524758425 (= - 3)
o

ub {xd=

[ELIL]

1 Fzr FEr FE™
- E ZO0mM Tr*ai:e Regraph Math|OFaw] -

#o i 3.
TTRIN

yct 1, 854102
FUMC

EAD AUTO FLUHC EAD AUTO

Although it might be more trouble than it is worih,is possible to get the calculator to do
symbolic implicit differentiation. At least you gause it to confirm some of your hand work as
you are first learning to do implicit differentiahi. To accomplish this, we need to convince the
calculator thaty is some unknown function of We do this by replacing the single letyeloy

the notationy(x). The result of differentiating such an equatives the derivative of this
unknown functiony(x) in it. Unfortunately we can “solve” for such amknown derivative in
the result. However we can substitute a new veriahme (we usgp below) for this derivative.
Then we solve foyp.

I‘Fi ]’ Fer Trsv]’ G ]’ FE T FE™
- E AlgebralCalc|0ther|PrgmId|Clean Llpm

1 Fer Faw | Fu™ FE FE™
- E Algebra l:alcllilthe-r* Pr‘ngDlElean Llpm
= HewPraob Dahe
.l +[g(x)js =5yl
E%xﬁ3+x3=6-mxwx

Lo+ 5326w 5]

® HewProb Dohe

(o +|:-=|(><jj3 =6
(HEX))3 x5 =6 ulxl X

3 () ? R (ut0) + T2 = 6 i) x b

dlans 1), x>

ans(i)ld(y(x) WI=yp

HMAIN ERD AUTO FUMC 2730

HMAIN EAD AUT FUMC =/%0

I‘Fi ]’ FeT Trsv]’ruv]’ B ]’ FET T]
- E AlgebralCalc|Other|PrgmId|Clean Up

I‘Fi T Fer Trsv]’ ruv]’ FE T FET ]’]
va Algebra|Calc|O0ther|Prgmld|Clean Up

L=LL N B =

2 [1uen® + 53 =6 400 5]
3-(u(x332'%(9(><:')+3 ><2=6'—('=|(><)j b
= 3 (u)? e uG0) + 352 = 6 uta)

Toup (Ut + 3 xf = 6 Ul + 6 up - x

solvetans (> vpll

HMAIN ERD AUTO FUMC 4730

] S'EH(X):IE'%EH(X:'J +3xf= 6'%(':'(*:33* b

3-I=|p-('=|(><):|2+3-><2 =SB Uil + B up

L] 501ue[3-gp-(u(x))2 +3 %= 6 )+ 6oup- b
- 2ogls) — wZ

(o) - 2

Lflue(and(i),yp)

EAD AUTO FUMC E/%0
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A tricky process like the above steps for impliditferentiation might be something that you
want to save in a text file. Notice that everyvehdrat we used the previous answer, the actual
answer has been inserted in the command as it epjpetne history. You will have to edit the
text file to put the command ANS(1) back in. Thgu can simply edit the original equation
and run the text file as a script to perform anotimplicit differentiation.

To work a new problem, (1) edit the original eqaat{(second line of the text file), (2) move the
cursor up to the first line, (3) press F3 View Yificview to split the screen to see both the text
file at the top and the home screen at the botéomd,(4) press F4 Execute four times to complete

the implicit differentiation.

Note that OS 3.10 and later now includes a direchroand for implicit differentiation.

For

older calculators, you can also find implicit diéatiation in the free Calc Tools application.

0S 3.10

Fi=| F2= [F3=| Fir | FE FE~
TooT5{A13cbra|Cale|Othek |FEAmID)CTcan Ur

= HewPraob Dahe
L] impDiF[x3+u3=E~-><'u,x,"
xE—ZH

2

28—y
impDif O™ 3Au™ 35k, i, U

HMAIN FRO AUTO FUNC 230

2iHormal Line

1:Tangent Line

3 Hewton's Method

tCurwature
&iCenter of Curwature
rilsculating Circle

EAD AUTO FUMC

0S 3.10
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7. Taylor Polynomials

There is a nice command to generate a Taylor patyaloof any order for a function centered at
any point.

To improve the speed of plotting, generate therpmiyials in the home screen , copy and paste
the results in the Y= Editor for graphing. If yput the taylor command in the Y= Editor, the
polynomial is re-generated again for every poiotteld (making plotting extremely slow).

F2 Zoom 7:ZoomTrig
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Chapter 3
Applications of Derivatives

For the activities in this chapter, the variouspiniag capabilities of the calculator will be used.
This is loosely coordinated with Chapter 3 of teettJniversity Calculus: Elements with Early
Transcendentals (WMU editigi)y Hass, Weir, and Thomas, Pearson Custom Puigish

1. Zooming to See Asymptotes

Asymptotes can roughly be described as observimgthe graph of a function behaves as
something goes to infinity. Since the viewing womdis always finite in every direction,
calculator and computer graphs have a difficuletmecurately representing either vertical or
horizontal asymptotes. In particular, the two peeof a vertical asymptote (where the function
is not continuous) may be connected by a nearcatithe segment which makes the plot appear
continuous. Remember that in the default styleejlithe calculator plot evaluates the function
at a finite number of points, plots these pointthiemgraph, and then connects the points (in
order) with line segments. If the two plotted psilie on different sides of a vertical asymptote,
then we would like to remove the line segment.

Consider f (x) :iz for viewing window- 10£ x£ 10, - 18 ¥ 1((ZoomStd).
X_

If we press F3 Trace and move with the cursor keyke plotted point with the largestess

than 2, we find the plotted point (1.89873,875) near the bottom of the viewing window.
Moving with the right cursor key once to the smstllegreater than 2, we find the plotted point
(2.02532, 39.5) well above the viewing window. Tear vertical line in the plot attempts to
connect these two points. All of the above plasenxres = 1. Making xres larger than 1 can
give a plot looking even worse with the connecting segment looking less vertical (see
below). [Discontinuity detection in OS 3.10 elimiea the need to use xres and dot style here.]

xres =3 Style Line xres =1 Style Dot8E x£ 12; 18 ¥ 1(
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Notice above how the Style Dot removes all of the segments between plotted points on the
graph. 1 usually find this less satisfying (butdértainly removes the “false” near vertical line
segment we do not want as well as all others tieatvauld really still like to have). If the plot
actually attempts to plot at= 2, as it will do in the window 8£ x£ 12; 18 ¥ 1( thenit

find a place where the function is undefined (de®va). No connecting line segments will be
drawn across such a place where the function is/ikrto be undefined.

The most convincing way to visualize a verticalrapyote is to zoom in near tlxevalue where
this happens at the same zooming out to see largklarger-values. In a similar fashion, we
need to zoom out along tleaxis and zoom in along thyeaxis to better understan a horizontal
asymptotoe.

O£ X£4,-5& yE 5( 1.8£x£ 2.2- 508 yE 50 1.99£x£ 2.01; 10,000 yE 10,0(

-98 x£ 102, 02 ¥ O.

2. Points of Inflection

“6E X£ 14; 1B £ 4¢

We can find points of inflection numerically andaghically in the graph screen, and we can
work with the formulas symbolically in the home esen to solve exactly for where the second
derivative is zero.
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-6£ x£ 14; 1B ¥ A4 -5£ x£ 12; 18 ¥ 1

Further we can plot the function together withdesivative and/or its second derivative to help
visualize how the sign of the second derivativerrieax-value giving a point of inflection on
the graph is related to concavity.

3. Maxima and Minima

The graphical and numerical work with maxima andima can take place in the graph screen.

Symbolic work can take place in the home screen.

4. Parametrization of the Plane

For functions from to 2, we can use Parametric graphing to showrrttage.In Parametric
graphing, the graphing variabletis
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Often when plotting a two-dimensional image, we mige happier using a plot with equally-
scaled axes. The F2 Zoom 5:ZoomSqr command wdémwthe range of either tixeaxis or the
y-axis so that we see everything we saw before ionlyindow with equally-scaled axes. Then
this plot will look like a circle.

We can also use parametric graphing to simulateesoption problems. Suppose that
h(t) =5+ 40t - 18° describes the height of a ball (in feet) thrownaight up at time = 0 aftert
seconds. We can provide an animation of the mpti@image oh, and the graph di. Notice

we have setmaxbelow to correspond with the time when the bal the ground.

Animation (part way up)

Path (partially drawn) Graphhof
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5. Newton’s Method

A very common task is to solve the equatidrix) =0. We call the solutions theerosor the

roots of the functiorf. We have already considered in the introductbiapter how to solve
equations symbolically in the home screen, numbyicathe numeric solver application, and
numerically and graphically in the graph screehe Tethod explored here is a numerical
methods that has a long history. It shows a vexg application of the concept of the derivative
and the concept of continuity. While the builtnmemeric solver is a little more sophisticated
than these, it works in a similar fashion.

We certainly could implement Newton’s method inraggam (and you are encouraged to do so

it you chose). This is more of an educationahdgtthan a truly needed process (since the
numeric solver does this very easily). Thus we ok at how to do this in the home screen,

and then we will save our work in a text file fatdr reference. Key to the success of the method

is agoodstarting valuec, (perhaps you should look at a graptf ifthis is not a homework or
test question with a specified starting value) e Tterative formula for the next approximation to

: f
the zeroisc,,, = C, - &)

T ofdc)

Just press ENTER

Define the function with one variable name anddagvative of the function with another
variable name. If you need to do so, you couldHetcalculator find the derivative symbolically.
Make sure the Exact/Approx Mode is set to “AUTOWahat you type the starting value using a
decimal point so that you get floating-point nunsb@ather that exact results). Usually we will
also want to see lots of digits, so the DisplayiSilylode set to “FLOAT” is nice. After you
have typed the command line “cn-f(cn)/fp(@xn” once, you can simply press ENTER
repeatedly to have the same command redone (eaetusing the most recently stored value for
the variable “cn”. When things converge, you w\entually get virtually no change in the
result. No changealoes not guarantee that you have an exact zerd,dnes imply that the
“correction” in the next step of Newton’s methods@small that we cannot see a change.)
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We save the work in the history section by the camanF1 2: Save Copy As. The dialog box
will ask you to provide a name for the resultingttéle. Here we give it the name “newton”.
This process will save the work, even if you clén history area.

Press the APPS key and select the Text Editor.o§#to open the text we named “newton”. In
this Text Editor, we can edit the file to change #tarting value or to change the function and its
derivative. Press F3 View to choose a Split vievirgt we can see both this text file (at the top)
and the home screen (at the bottom). Move theoctiwssome command line (with a beginning
C:) and press F4 Execute to paste that commandhatbome screen and have it executed.

Respond with ESC Repeatedly press F4

We finish this section by noting that some of thatéires and characteristics of Newton’s method
are present in the numeric solver available agpatication. If you type a “good” starting value
into the variable in the numeric solver before pieg F2 Solve, you effectively tell the internal
algorithm to start its iteration with the givenwal This can help it to converge more rapidly,
much as in Newton’s method. There is also theoop specify an interval (the default bound

={-1.E14,1.E14} is effectively no bound at all). Tihéernal algorithm stays within the interval
given.

40



Chapter 4
Integration

For the activities in this chapter, the variouspiniag, numerical, and symbolic capabilities of
the calculator will be used. This is loosely coaeded with Chapter 4 of the tekiniversity
Calculus: Elements with Early Transcendentals (WHkidition), by Hass, Weir, and Thomas,
Pearson Custom Publishing.

1. Two Notations for Antiderivatives

Interestingly, there are two different ways that wen get the TI-89 to give a symbolic
antiderivative. The first way we present heretesdanaturally to the command for finding higher
order derivatives. Recal(f(x),x,2) is the command for getting the secondwddive. The last
argument in this command is the order of the déxigeadesired. (If you leave off this last
argument, you get a first derivative by defaul8)mply use order 1 to get the antiderivative.
Other negative integers give repeated antidiffeaéion. Notice the interesting (and logical)
notation for an antiderivative in the history are@lso note that we get only one antiderivative
(and not the family of all possible antiderivatiyes

The textbook notation for an antiderivative is atfyi the most common. It relates to the
relationship we will soon learn between definitéegrals and antiderivatives. This command
notation (called integration) is also available.heTcommands to differentiate and integrate
appear on the keyboard (as functions above 8 and 7) and in the F3 Calculusune

Using the integration command with only the filsbtarguments gives an antiderivative (not the
family of all possible antiderivatives). Giving andefined variable name (as we did above with
“c”) will give an antiderivative with this undefidevariable nhame added to the result. This
provides a way for us to represent the whole familall antiderivatives. Later in the chapter,
you will learn the significance of further argumeimt the integration command ([LO,UP] in the
catalog help line above).
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2. Riemann Sums and the Sigma Notation

Definite integrals are defined by means of a liofiRiemann sums, and one of the ways to
approximate a definite integral is to use some kihRiemann sum. There are several ways to
compute Riemann sums on the TI-89/Voyage 200 faafigalculators.

A general Riemann sum approximatin;é]f (X)dx is defined in terms of a partitic{ng} of the
interval [a,b] into subintervaldx,, x].[%. %], [x.¥. [¥%. x| andintermsofa
selection of evaluation poinfs} with 5T [x.,, x] fori=1,2, n. Namely,

n

Tt ()% x.).

i=1
Each term in the sum can be interpreted as thecdi@aectangle with widt}@g - )g_l) and
“signed” height f (5). Special cases include selectigg x_, (left endpoints),s = x (right

endpoints), ors :% (midpoints). Often the partition poinfs} are equally spaced

across the interval, givin@g - x_l): Dxforalli=1,2, n. Firstwe show how to compute a
general Riemann sum (no special assumptions) lisisg

Start by storing the formula fof (x) . Store the partition poim{sq} in a list, say I1. (Note that

variable names must begin with a letter, and sditsiecharacter in the name of this list is the
letter “I” , not the number “1”.) Store the select points{s} in another list, say 12. Then take

advantage of the list operations to compute thenBen sum in the HOME screen. Applying a
function to a list gives a list of evaluations. eltcommandList computes a list of the
differences (i.e(>§ - x_l)). Multiplying two lists of equal length, givediat where like terms in

the two lists have been multiplied. Finally therscommand sums the terms in a list.

If you desire an equally spaced partition with spleevaluation points (left endpoints, right
endpoints, midpoints), there are simpler ways teehhe calculator compute these.
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Left endpoints Right endpoints Midpsaint

The free Flash App called Calculus Tools has nieglémentations of these Riemann sums as
well.

3. Symbolic Integrals

The Fundamental Theorem of Calculus shows how idefimegrals and antiderivatives are
related. Thus another name used for an antiderevatindefinite integral. We have already
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seen this integration command used to find antidéxies in the first section of this chapter.
The same command will find definite integrals if gecify the interval of integration. Make
sure the Exact/Approximate mode is set to AUTO XAET so that we can see exact
integration answers.

Indefinite Integral Exact Defintigegral Approximate Definite Integral
[Press ENTER.] [PreSENTER.]

Thus you can use the calculator to check your eor#t using the Fundamental Theorem of
calculus. Usually the calculator can do a symbpiablem if you can do it by hand. If the
integrand in a definite integral does not havelamentary antiderivative (or the calculator
cannot find one), the AUTO mode will automaticadlyitch to a numerical approximation (using
a method a little more accurate and efficient tRemann sums).

[Press ENTER.] Using unknafvn Using unknowg
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Chapter 5
Techniques of Integration

Most of the activities in this chapter involve ftioos where you really need the calculator to
evaluate the functions. This is loosely coordinateth Chapter 5 of the texUniversity
Calculus: Elements with Early Transcendentals (WkMdition) by Hass, Weir, and Thomas,
Pearson Custom Publishing.

1. Logarithmic and Exponential Functions

The TI-89/Voyage 200 offers the natural logarithmdtion and the natural exponential function
on the keyboard. Many people do not know that ¢benmon logarithm function is also
available in the CATALOG (or you can just type lod)n the newer OS versions, you can even
get logarithms to other bases by typing “log(x,byWhere b>0,b* 1 is the desired base.

However you seldom have a need for this featu@aiculus.]

Basee Basee Base 10

2. Inverse Trigonometric Functions

If you have upgraded your OS to at least 2.08 ghdm, then you have not only all of the
trigonometric functions, but also all of the invetsigonometric functions as well. The ones not
printed on the keyboard can be found in the CATALOG

Notice that you will get the error message “Nonl-reault” if you get outside of the domain of
some of the inverse trigonometric functions (assgnyiour MODE setting for Complex Format
is REAL). All of the trigonometric functions hawgeneralizations to domains of complex
numbers, and the calculator is programmed to hantilen the Complex Format is selected to
something other than REAL. You may use these fanstusing complex numbers in a later
mathematics or physics or engineering course.
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3. Calculator Substitutions

You may be able to get the calculator to do sontbetlgebraic work involved in completing a
substitution.

4. Algebra with Rational Functions

When integrating a rational function, the firstgste to perform “long division” of the numerator
by the denominator to convert the task into a @obbf integrating a polynomial plus a rational
function with the degree of the numerator stritélys than the denominator. Then you use
partial fractions on the last piece. The F2 Algetommands 3:expand( and 7:propFrac( may do
some this algebraic work.
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Since the calculator can do symbolic integratioeasily, there seems to be no need for partial
fractions and then hand integration of the piedéswever this technique of expanding a rational
function into its partial fraction decompositionshather uses besides integration, and you should
learn about it. For example, electrical enginesiag the Laplace transform will find the
technique of partial fractions useful for findingverse transforms.

5. Comparing Symbolic Integration to Tables of Inegrals

Our text presents a short table of integral (andynwdhers do as well). Before computer algebra
systems were available, books were printed witly egtensive tables of known indefinite and
definite integrals. Now is more common to relytba expertise of a computer algebra system
(or CAS for short). The TI-89/Voyage 200 OS caredeentially all of the integrals that can be
handled by using the table in the text. It is ustf compare how the results might look a little
different.

Different computer algebra systems can give diffeleoking results for integration problems

(and these results may look very different froralalé¢). Consider Here we try it on

X?- a2’

the TI-89. Notice we can always differentiate tégult to check.
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Here we try a few more.

Some of the formulas in a table do not give a farewer, but rather reduce the task to another
in the table or a simpler integral of the same typer example, many tables give this reduction
formula for powers of the sine function.

sin"u du=- = sin™ ucosr M1 P2 udt

m m

Used repeatedly, we eventually can complete thedbmtegrating any power (with the help of
some other formulas in the table). The best treatan do to “test out” the formula on the
calculator is to try specific integers, suchnas4 and 5. Because the results are two long to fi
in the screen without scrolling, we reproduce theare nicely typeset.

(sinx))*) dx=

- (sin(x)y’  Xsink)
8

X
XCcoS(X)+——
4 8

) qo - (SINKX)) & (sink)f y
((sm(x)) )dx— c 15 8/15%x cosk

6. Trapezoidal Rule and Simpson’s Rule
If you happen to have the free Flash App callecc@ak Tools, then it includes an
implementation of the Trapezoidal Rule and Simpsa&tule for evaluating a definite integral.

In the text, these are called the Composite Tragak&ule (Theorem 3) and the Composite
Simpson’s Rule (Theorem 5).
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If you do not have this flash application, thersieasy to write short programs to do these
computations.

It is possible to use these ideas to approximdidexivatives numerically. This corresponds to
one step of the trapezoidal rule (Theorem 1) aredstep of Simpson’s rule (Theorem 4).
Perhaps it will be easiest if we think of a sitaativhere the integrarf¢k) is known only by a

table of discrete values. This is often the caseagientific data. If you happen to have a
formula for the functiori(x), then you can easily create a discrete list isffihrm.

For example, considef (x) = sin(xz) for LE X£ 2. The choice oh = 10 we made above
b-a 21

the desirec-values on this interval [1, 2]. Takirigf this list will give the desired evaluations.

View in Stats/List Editor (free Flash App)
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This information will most often be displayed ilbaok or on your paper in a table.

X f(x)

1.0 0.841471
1.1 0.935616
1.2 0.991458
1.3 0.992904
1.4 0.925212
1.5 0.778073
1.6 0.549355
1.7 0.248947
1.8 -0.098249
1.9 -0.451466
2.0 -0.756802

We are interested in approximatinlﬁ f (t) dt for the same set afvalues as used in the table
above, using only the numbers available in theetafilhis is easy to do far= 1 because

11 f(t)dt=0. Forx= 1.1, we use one trapezoid to approxim?ltklaf (t) dt » W(O.l)

and get 0.088854. In a similar fashion, we canams#her trapezoid to approximate

lll'zf(t) dt » f(l'l);f (-2)0.1)» 0.09635. Thus to get

7f(t) dt»0.088854- 0.096354 0.1852.

All of this can be done in the home screen astiftisd below. If the numberis small, these
step-by-step calculations are reasonable to do.

Obviously what we want to do is to automate thizcpss a little. The command
seq((list2[j]+list2[j+1])*0.1/2,j,1,10)
will generate a sequence of numbers representamttividual trapezoid approximations

:M f(t) dt» f(x) +2f (%) (0.2).

The MATH menu, List submenu command cumSaino{e lisy will give the cumulative sum we
desire to approximate

1X’” f(t) dt» gty +2f(xk+1) (0.2).

k=1
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Finally we append the initial zero to the list &t @ final list of the same length as the original

lists. This command is augment({Gbove lis}

X i(x) 1X f () dt (Trapezoidal)
1.0 0.841471 0

1.1 0.935616 0.088854
1.2 0.991458 0.185208
1.3 0.992904 0.284426
14 0.925212 0.380332
15 0.778073 0.465496
1.6 0.549355 0.531868
1.7 0.248947 0.571783
1.8 - 0.098249 0.579318
1.9 -0.451466 0.551832
2.0 -0.756802 0.491418

Notice that the final answer in the last columthis Trapezoidal Rule computation from the
Calculus Tools choice we did at the very beginning.

Implementing Simpson rule step-by-step is simil@he one different feature here is that our
new column is not complete. The approximation we is

Xii2 f(x)+4f(x,)+ f(x,

" ay XA 10 )
giving us only partial definite integrals over “dda” subintervals.

augment(cumSum(seq((list2[j]+4*list2[j+1]+list2[#H)*0.1/2,j,1,10,2)))

Notice that we use an additional argument in tligileece command to indicate that the inpex
goes from 1 to 10 in steps of 2.
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X ix) 1 (t) dt (Simpson)
1.0 0.841471 0

11 0.935616

1.2 0.991458 0.185846
1.3 0.992904

14 0.925212 0.382123
15 0.778073

1.6 0.549355 0.535018
17 0.248947

1.8 20.098249 0.583248
1.9 -0.451466

2.0 -0.756802 0.494551

Again notice that the value at the bottom of the tlumn is the Simpson rule approximation
from Calculus Tools that we did at the very begngnof this section.

You may want to put these steps into a short pragrasave the history as a text file to more
quickly do the step-by-step trapezoidal rule aredstep-by-step Simpson'’s rule repeatedly for
new problems.

The discrete computations in this section work vacgly in a spreadsheet. If you have the
CellSheet (it comes on the Voyage 200), you carexgent with alternative ways to
accomplish the step-by-step trapezoidal rule a@p-Bi/-step Simpson’s rule in the spreadsheet
that is available on this device.

7. Other Numerical Integration

There are more efficient and accurate algorithmisnfamerical integration than the composite
trapezoidal rule and the composite Simpson’s rul@ne feature often put in these more
sophisticated algorithms is an adaptive processstomate the error made for the particular
problem given. The algorithm then adjusts the -siep h as it works along the interval to

achieve a desired accuracy. TI uses such an adapimerical integration routine internally,

and it works to try to achieve 6 significant digitkaccuracy on this family of calculators. Thus
when display digits is set to the default FLOAT &d®, you can generally expect all of the
displayed digits in a numerical integration compiotato be correct. If you display more digits
than 6, you cannot assume all the additional dagiscorrect.
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It is generally better to use the internal numeérintegration (either the nint( command or the
regular integration command with’@ENTER) rather than the composite trapezoidal ruléhe
composite Simpson’s rule. The best advice is ®arse of these simple numerical integration
routines only when the specific routine is spedifiecGenerally in a textbook problem or a test
guestion, the instruction will tell you not onlyettmethod (trapezoidal or Simpson) but also the
step size.

8. Symbolic Infinite Limits

The TI-89 can handle many limits involving infinityt is not a good idea to jump to conclusions
about the value for infinite limits based upon nuiced evidence. However the same theorems
you are learning about how to handle infinite Isrean be implemented in the symbolic part of
the calculator. Notice that you can finrd™on the keyboard, and infinity is a possible outiiu
you have the Exact/Approx mode set to either AUTE&XACT.

9. Improper Integrals

Since the evaluation of improper integrals gengnaNolves a symbolic integration followed by
some evaluation of an infinite limit, it is not arprise that the TI-89 can do many of these.
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Chapter 7
Sequences and Series

The activities in this chapter present symbolicmeucal, and graphical activites involving
sequences and series.  This is loosely coordinaféid Chapter 7 of the textniversity
Calculus: Elements with Early Transcendentals (WkMition), by Hass, Weir, and Thomas,
Pearson Custom Publishing.

1. Sequences and Series

It is possible to work withfinite sequences and series using lists. This may bagénto
recognize patterns.

The F3 Calc command &( sum allows some symbolic results. Some specfaliie series can
be evaluated.

The ability of the calculator to evaluate symbdiinits means it will be useful for some of the
limits needed in the ratio test for power seridhis has been further facilitated in the Calculus
Tools flash application (free fromttp://education.ti.com You will not get much credit using
only the application (because your instructor widint to see that you understand the ratio test),
but you can check your work with this flash appiica.
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2. Sequence Graphing

The sequence graphing mode allows still further svay study and understand sequences and
series.

F6 Style 3:Square (default)

F6 Style 1:Line Second sequence is a paatiad

of the first, off by one index.

Alternate way to get only partial sumsireot index.
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Alternate way with Line Style Evaluation of altata way in HOME screen
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Chapter 8
Polar Coordinates and Conics

The activities in this chapter show polar coord#satind polar graphing. This is loosely
coordinated with Chapter 8 of the tékiversity Calculus: Elements with Early Transcemidés
(WMU edition) by Hass, Weir, and Thomas, Pearson Custom Puigish

1. Polar Coordinates

Since the TI-92, this family of graphing calculad¢ncluding the TI-89 and the Voyage 200 that
replaced the TI-92) has offered some nice feattgleasing to polar coordinates. In the MATH
menu, the 2:Angle submenu, you will find severahomands for converting between rectangular
and polar coordinateNote: The “angles” will automatically be in the Angle ND& (either
radians or degrees).

Old TI-92, in RAD Angle MODE Conversions (iadians)

Switching to DEG Angle MODE Conversions @iegrees)

2. Graphing in Polar Coordinates

There is a polar equation graphing mode that allthesgraphing of polar equations that can be
solved forr, i.e. wherer can be expressed in a formula in termgyof We demonstrate below
with several examples. For the first example, nb& the calculator is in DEG Angle MODE
(which is usually not what we want in a calculusise). Note also that for polar graphing, we
will typically want to have equally-scaled axes {ghhwe get with the ZoomSqr command from
the ZOOM menu).
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In calculus, we are much more likely to want to kvar RAD Angle MODE. Here are a few
examples.
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For the polar equation® = 4sin(Zy ), we plot the two possible solutions for

gmin =0, gmax =p, xmin =-3.7699, xmax = 3.76099, ymin-4.6119, ymax = 1.6119
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Chapter 15
Elementary Differential Equations

The activities in this chapter present some addktidhings that we can now do with differential
equations on this family of calculators. Thiddesely coordinated with Chapter 15 of the text
University Calculus: Elements with Early Transcentdds (WMU edition) by Hass, Weir, and
Thomas, Pearson Custom Publishing.

1. Symbolic Differential Equations

Many calculus texts present one method for solgmge first-order differential equations,
namely the “method of separation of variables.”séming you can do the “separation”
algebraically by hand, the task reduces to twofinde integration problems. Obviously the
symbolic integration on the TI-89 can be helpful.

Consider2y +( xy+ 3x)%/ =0. Working by hand we find
X

dy
X\y+3)—=-2
(y+3) 5, =-2Y
mdy: - g dx
y X
with the last line showing the separation of the txariables. Integrating both sides can be done
by hand or by the calculator.

Letting k = + € and dropping the absolute value, we would geneeadpress the solution as

x*y®e’ = k, which implicitly definesy as a function ok. The calculator can directly solve some

differential equations, including the example abwova similar fashion. The command deSolve
can be found in the F3 Calc menu or in the catalog.
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Notice the arbitrary constant in the general soluts represented by the variable “@1” in the
output. Here the calculator is not as careful waibisolute values as we were above.

We can also ask the calculator to give us the syimbolution for the general differential
equation, namely&t) = k (1) + b. The command deSolve can be used to solve fartecplar

solution for such an equation with an initial cdrah. Notice below when we solve the general
logistic differential equation, we cannot use tlaeiable names “c1” and “c2” because they are
reserved variables use by the system (for the asduma data set or matrix). We use “ccl” and
“cc2” instead.

The command deSolve can solve some second-orderettifial equations as well. If it cannot
solve a differential equation, it will just repehe problem back as a result. Even when it can

solve a problem with an implicit solution (such &= sin( 2y + t) below), the solution may not
be all that useful.

2. Differential Equation Graphing
There is a differential equation graphing mode #iktws the numerical solution for first-order

differential equations with one or more initial clitions. We demonstrate below for a single
equation first.

Considery¢=sin(2y+t), y(0)= 3.
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F1 9:Format Fields FLDOFF

We can look at other solutions to this differengguations, either by entering in a list of initial
values in the Y= edit screen or by pressing F8dGelect further initial conditions interactively
in the graph screen.

In a later differential equation course, you will@dy higher order differential equations and
systems of first-order equations where the othatufes of this family of calculators will be used
nicely.

3. Slope Fields and Euler's Method

Many calculus texts now present the graphical wstdading of first-order differential equations
by considering a slope field for the general soluiin some viewing window. We present the
general idea of a slope field below and introdineedimplest numerical method for solving a
first-order differential equation with an initiabodition, called Euler's method, which is closely

related to a slope field.

Consider a general first-order differential equatid the form
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d
d—i/(t) = £ (t, y(1)).
Suppose the graph of the solution passes throwgpdimt @, b), i.e. whent =a theny(a) =b.

We know from the differential equation that theudimn must havey€a) = f(a b). Given a

desired viewing window, we construct a grid of gsiim the rectangle. We treat the coordinates
of each point in our grid as the pad; ), and we draw a short line segment through the gri
point with the slopey€a) = f(a b) that the solution must have (if it goes throught trid

point).

Sample Grid (Grid ON) DE with no initial conditi F1 9:Format Field SLPFLD
(default grid, not as before)

For example, one of the grid points used in theitaage seems to be about (0.87, 2.79). Thus
that line segment is drawn with slope approximasaty2*2.79 + 0.87)» 0.166

F2 Zoom ZoomBox More detail Add initanditiony(0) = 3.1

Here we reproduce the slope filed t) = 2P(t)- ( P(1)".

y'(0) ={0.05, 0.5, 1.0, 3.0, 4.0}

Tl uses an adaptive Runge-Kutta routine to numbyiegproximate the solutions in these
differential equation plots by default. This rawgiworks to try to get plotted points with an
accuracy of diftol, a parameter you can set indhedow screen. The parameter fldres in the
Window screen sets the grid spacing for the sldpd.f The defaults which often work nicely
are diftol = 0.001 and fldres = 14 (giving a 14bgrray of slope lines in the slope field).
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The Graph Format screen allows you to select thapve method (RK) and a much simplier
(less accurate) method (EULER). Euler's methatbis taught in many calculus texts, and it is
a required topic in the Advanced Placement Calcatusse commonly taught in high schools.
This simple method is based upon the fact that kmgwhe slope enables us to compute a
tangent line approximation to the solution, whidll e fairly accurate if we do not move the
value too far from the known point.

To implement Euler’s method fe%%/ t=f (t, y(t)), y(t,) = V,, with step sizé, we first

compute the slopey, = f(t,, y,). The line tangent to the graph of the solutionwet at the
point (t,, y,) will have the equatiory = y, + m( t- t,). Thus for a small stelp the value
predicted on the tangent line, namely vy, + m)((g +h- g): y+ m |, will be close to the
solution y(t, + h). We have started witta, b) = (1,, y,), used the slope and a short segment of
the tangent line, and arrived at the pdiyt+ h, y, + m,H which we label(t,, y,). Then we treat
(t,,y,) as(a,b), compute a new slopm = f(t, y;), and move another stépalong the new
tangent line to estimatg(t,) = y(t, +2h) » y, + mF. Continuing in this fashion, we recursively
define sequences with

t, andy, given

ta=t+h y,=y+f(t yh
wherey ¢ » y.

For example, withy¢=sin( 2y +t), y(0)= 3.Zandh=0.1, we get
t,=0, y,=3.1
t =0.1 vy, =3.1+ sin(2*3.% 0)*0.» 3.09169
t,=0.2, y,=3.0916% sin(2*3.09169 0.1)*0:4 3.09]
t,=0.3, y,=3.0917% sin(2*3.0914 0.2)*0x 3.101

It is possible to have the calculator do these adatmpns, display them in a table, and plot them
as an approximate solution.
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With Estep = ltets=h

In general, Euler's method needs a very small siegh to be accurate. Thus you might not
want to plot all of the values that you are commgiti Choosing Estep = 5 and tstep = 0.1 will
effectively useh = 0.1/5 = 0.02, even though the graph still orbtgpevery 0.1. Thus Estep =5
causes 5 Euler steps between each plotted pointe $ou will be using Euler's method only
when someone asks you to do so, | would expectyailways use Estep = 1 with the plotted
points the desired answer (which can also be disglan a table). If the method is not specified
by your assignment, the select the RK method idsteiaking diftol to be the desired tolerance.

What the some textbooks call “Euler’'s method” iallsejust a special case of the more general
method we have presented here when it happenththdifferential equation does not explicitly
depend upon. Thus solvingF (t) = ct f(u)du for t =c,c+ h,c+2h...is equivalent to solving

y&t) = f(t), y(c)=0 usingt,=c,t, =c+ht,=c+2h... This special case is also equivalent

to looking at partial sums of the Riemann sum axpipnation for the definite integral with all of
the evaluation points selected as left endpointaroaqually spaced partition.
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