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Preface

The TexasInstrumentsT1-83 graphingcalculatoris an extremelyusefultool. Thereason
we recommendhe TI-83 over mary othercalculatorsdor Math 111is thatthe TI-83 hasa
built in financepackageandTime Valueof Money (TVM) solver which,to my knowledge,
no othercalculatorhas.(ThisincludesotherTI calculators.)

Unfortunatelymary studentspendsomuchtimetrying to learnto useit thatthey have
a difficult time learningboth the calculatorandthe classmaterialat the sametime. This
bookletis intendedto aid in the useof the calculatorby giving you a friendly keystroke
guideto someof the moreimportantfunctions.

Notation

Toillustratekeystroles,| have aspeciahotationwhichwill beusedthroughouthisbooklet.

Indicatesthe primary function of the key. “TEXT” is printedin white on the key.
indicateshe“ON” button,for example.

Indicatesthe secondaryunction of the key. “TEXT” is printedin above the
key. Thisfunctionis accessedtby first pressinghe key at thetop left of the
mainkeypad ( representetly ).

Indicatesthe alphafunction of the key. “TEXT” is printedin above the key.
Thisfunctionis accessedby first pressinghe key justbelov (represented
by ) Most alphafunctionsarejustasingleletter.

Indicatesa option chosenfrom a menu. To selecta menuitem, either pressthe
item’s numberor usethedown arraw to highlightthe numberandpres.

Example0.1:
Theimagebelov shavs the MATH menu( gottenby pressinguart)).
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To accesghe cuberoot function, for example,you would presgmarh) to bring

up thismenu,theneitherpres§ 4 Jorpres{ v J( v J( v J[Enter

Example 0.2:
Keystrokes:

If youperformthekeystrolesabove, youwill turnthecalculatoron, write “HI”
onthescreenandturn the calculatorbackoff.

Important: If you havedonethe above example your calculator now shows
"HI" in theupperleft cornerwhenyouturn it on. Thisis meaninglesso your
calculator sopressciear) to getrid of it befoe youdo anythingelse

Example0.3:
This exampleillustrateswhat! meanby " optionchoserfrom amenti .

Keystrokes:

(o) [F7er] (O D O e

This sequencevaluatesthe cuberoot of 27 andprints the answer(3) on the
screen.

Note to the Student

This bookletshouldbeviewedasawork in progressThebestresourcene have for know-
ing what topics should or shouldnot be includedis you, the student. If you have any
suggestiongoncerninghow this booklet could be improved pleasetalk to your instruc-
tor or to the author (Scott MacDonaldin Building 9, Room 23, (253)566-5236 smac-
dona@tcc.tacoma.ctc.edu)Velcomesuggestionsnclude but are not limited to: topics
which shouldbe addedor deleted sectionswhich couldbe madeclearerby beingrewritten
or reworded,anditemswhich shouldbe addedto the index to make the manualeasiernto
use.



Chapter 1

Intr oduction to the TI-83

1.1 The Basics

Turning the Calculator On and Off

The buttonin the lower left handcornerof the keypadfunctionsasboththe” on' andthe
"off" button. "On" is the primary function of the button, while " off" is the secondary

function.

Keystrokes:

To turn thecalculatoron, pres{ on ).
To turn the calculatoroff, press

Controlling the Brightnessof the Screen

Sometimesespeciallyif your batteriesarelow, the displayon your screemmay be solight
thatit is difficult orimpossibleto read. Thisis actuallyquite easyto fix.

Keystrokes:

To make the displaydarler, press , thenpressAND HOLD (_a ) until
thedisplayis thedesireddarkness.

To make thedisplaylighter, press , thenpressAND HOLD (v ).

The Home Screen

The"home screenis the screenon which mostcalculationsaredone. This is the screen
thatthecalculatordefaultsto whenyouturnit on (unlesst wentoff by itself, thenit returns
to the screenit wason whenit went off). What screenyou are usingwhenyou begin a
keystroke sequenceleterminesvherethe resultis placed. If you are,for example,in the
"v=" screen(seeChapter2) whenyou performthekeystrokesto computeanabsolutesalue,
thenthefunction” ABS(" is placedin the definition of whatever functionyou wereediting,

1



2 CHAPTERI1. INTRODUCTIONTO THE TI-83

andnot on the homescreen.lt is thusquite importantthat you returnto the homescreen
from wherever you areif you wish to performcalculations.To returnto the homescreen,
yousimply " quit’ whatyou aredoing.

Keystrokes:
To returnto thehomescreenpress

Basic Calculations

Using the TI-83 for basiccalculationis relatively straightforvard. The TI-83 understands
the orderof operationsso you simply needto enterthe expressionasit appearson paper
(provided that thereare no fractionsor exponents—iftheseare part of your calculation,
thenseesectionsl.4and1.3). The key takestheplaceof an" =" sign.

Example 1.1:
To compute(3165— 21.68)2, press

(I JCI))C I e

CAUTION: YouMUST usethe( — Jkey (belaw andabove(_+ )) for

subtraction. The((© ] key (to the left of [enTer)) is the negative sign! The
calculatorinterpretsthesetwo buttonsdifferently!

Thecorrectansweris 99.4009.

Notice the useof the key in the above example. This key is a specialmath
functionkey. Notethatit only entershe exponent’ onthescreennot theentireexpression
x2. Anytime you wantto squaresomethingenterthe somethingthenpresg % ).

Finding Commonly UsedFunctions

Many commonlyusedmathfunctionsarethe primaryfunction of keys on the keypad, but
mary moreareavailable usingthe MATH menu. To accesghis menu,presgvari). When
you pressthis key, the menushavn belov shouldappearon your screen.
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1.2. USING THE CALCULATOR’'SMEMORY 3

Themostcommonlyusedfunctionsfrom this menuare|1: »Fr-ac |, which corvertsthe
entryto a fraction (if possible)[3: ], which cubesthe entry (just like squareghe
entry),and|#377], which takesthe cuberoot of anentry

Theabsolutesaluefunctionis undeMATH/NUM andis 11 ab=¢]. (TogettheMATH/NUM
menu,presgwart), then( » ).)

1.2 Usingthe Calculator’'s Memory

Storing a Value for Later Use

It is oftenusefulto storethe resultof alengthycalculationsoyou canusethe exactresult
without mucheffort at alatertime. This processs not particularlydifficult. Your calcula-
tor hasmary " memories (at least26—onefor every letterin the alphabet). Theseareall
accessethe sameway.

Keystrokes:
To storethevalue7.1297635%s" K", press

(I e I Je J(s J(s (s Jlstor)
ENTER

Keystrokes:

To storetheresultof thelastcalculationas” A" for lateruse,press

At this point, your screerwill shov Ans—A. Pres, andthe previous
answeiis storedin memory" A"

Using a Stored Value

To useavalueonceit is stored,you simply needto replacethevaluein the expressiorwith
theletteryou storedthevalueunder

Keystrokes:
If youhave stored7.1297635%s" K", thento compute23- 7.12976355, press

COCO)

(Theanswershouldbe 116917115).

1.3 Exponents

Enteringexponentsusingthe TI-83 is not difficult, but the procesds notimmediatelyob-
viousto someoneavho is not a mathematiciaror a computerperson.The exponentkey is
(_A). Thereasorfor this symbolis thatmathematicsvritten on a singleline (i.e., without
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superscriptsiisegthis notationto indicateanexponent.For example to indicate” 3-3", we
usuallywrite " 32", but if we don't have the option of writing superscriptsthenwe write
n 3/\2" .

Example 1.2:
To compute2®, pres{ 2 J( A J((5 )[enter] Thecorrectansweiis 32.

Example 1.3:
Thento compute35B*, pres{ 3 J( 5 J( 8 J( A J( 4 )[fenter|

The sameprocesscanbe usedfor squaring(raisingto the secondpower) and cubing
(raisingto thethird power) things,too, but thereareprettiermethoddor thesevery common
powers. To squaresomethingusethe( ¢ ) key. To cubesomethingusethe MATH menu

option[3: z].

Keystrokes:

e Tosquareanumberenterthenumberthenpress 2 ) andpressenter).

e To cubea number enterthe numberthen press(varn) and press
o)

e Toraiseanumberto ary power, enterthenumbey pres§_A ), thenenter

theexponentand pres.

If you wantto raisel0 to a power, you cando that by eitherfollowing the directions
above, or by pressing

Example 1.4:
Suppose/ouwantto computel0—2,
Press () 3 )

Yourcalculatorscreerwill shav 10 (-3). Presgnterfto seethat10~3 = 0.001.

Theothernumberthatcanberaisedio apower by useof aspeciakey is thenumbere. e
is anirrationalnumberwhichis approximately2.7182818284549® It is usedin Math111
(andreallife) in modelsfor suchthingsascontinuouslycompoundednterest,population
growth, andradioactve decay To raisee to a power, you have two options: eitherpress

andentertheexponent(usingparenthese#f necessary—sesectionl.4)
or press andentertheexponent.

Example 1.5:
Find €%2. Roundto 4 decimalplaces.
To dothis, | will usethefirst methodmentionedabore.
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Press (AJC s ) x )20 )[enter): (The useof

parentheselereis explainedmorein sectionl.4.)

We cannow seethat 5?2 ~ 1627547914. Pleasenote that, despitethe fact
thattheseareall of the decimalplacesthatthe calculatorshaws, it is still an
approximation!

Example 1.6:
Now do the sameusingthe secondnethod.
Press (s J( x JC2 () )[enter

Again, we find thate®? ~ 1627547914,

1.4 UsingParentheses

TheTI-83 is agreatcalculatingmachine put it hasits dravbacks.Oneof thesedravbacks
is thatit cannotexpressmathematicsexactly the way it appearson paper For example,
whena mathematiciawishesto expressthe fraction” three-fifths , he or shewrites” % )

The TI-83 is incapableof writing a fraction in this way sinceall expressionsare written
on asingleline. Theway the calculatorcompensatess by writing fractionshorizontally
say " 3/5' asopposedo theusual’ 2". Thisis fine aslong asall you wantto write is the

fraction, but canbeambiguous (Doesthe expressior 1/5+X mean’ g1;" or " £ +x' ?)

Unfortunately calculationssuchasthe oneabore areall too commonin reallife. One
formulathatis commonlyusedis the formulafor future valueof anincreasingannuity:

(1+5)™-1
Chm) =2

m

A=M

Plugsomenumberdn for M, r, m, andt, andyou have a calculationof exactly thistype.

Example 1.7:

(1+5)™-1
EvaluatetheformulaA=M-——"——forM =50Q r =0.07, m= 12, andt =
20. "

In normalnotation,we write
1220
(1+%) " -1
A =500- 507 ,

12
but how do we getthe calculatorto computethis? The following keystroles

will doit:
Keystrokes:
(s JCo o ) JC A A )+ o JC- I(o )
()2 )OO ) ) J2 Jx )2 )
(o )OI )0 JC=JC e I (7]

COCOE0 e
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Your screerwill displaythe following:

=] XN

HE®C 1
C124268
A120

Every oneof the extra parentheseis NECESSAR. If evenonegetsleft out,
thenyouranswermwill notbecorrect!

Importantthingsto noteaboutthe above example:

e Thereareparenthesewhich enclosehe numeratoiof thefraction.
e Thereareparenthesewhich enclosehe denominatoof thefraction.

e Thereareparenthesewhich encloseheexponent.
Thebasicrulesareasfollows:

¢ If the numeratorof a fraction consistsof mathematicabperationsgenclosethe nu-
meratorin parenthesesThis is especiallycritical if the numeratolincludesaddition
or subtraction.

o If thedenominatoof afractionconsistof mathematicabperationsenclosethe de-
nominatorin parentheseshisis ALWAYS critical.

¢ If anexponentcontainsmathematicabperationsencloset in parentheses.
¢ If arootcontainamathematicabperationsencloseheradicandn parentheses.

o If anabsolutevalueexpressiorcontainanathematicabperationsencloseheexpres-
sionin parentheses.

¢ |IF YOU ARE NOT SUREWHETHER YOU SHOULD USE PARENTHESESOR
NOT, USETHEM.

Thatlastrule is important. The TI-83 doesnt careif you enter” (3)/(5)" or "3/5".
Thesearethe same.However, “ 3/5% 2" is NOT thesameas” 3/(5%2)" . (Thefirst gives

ananswerof " 2.2=1.2", while theseconds " &% = 0.3".)

Anotherfrequentlyarising situationwhich requiresthe useof parentheseis the mul-
tiplication of a fraction and a variable. The expression' 2x' MUST have parenthese#
written onasingleline. " (3/5)x = 2x", while "3/5x = 2" . TheTI-83 andthe TI-86 will
allow you to getaway with leaving the parenthesesutin this situation,BUT DON'T. It is
abadhabitto getinto, andcould comebackto hauntyou in the future. Besidesjt makes
your work hardto follow if someoneelseis looking at your screenor if you write your
fractionshorizontally (Thisis impropernotation,by theway, but if you MUST doit, then

useparentheseasif you wereenteringinformationinto your calculator)
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o Whenmultiplying a fractionby avariable,you shouldenclosehe fractionin paren-
theses. This is especiallyimportantif you are usingary calculatorotherthanthe
TI-83 orthe TI-86.



Chapter 2

Graphing

2.1 The Basics

In this class,we only useoneof the TI-83's several graphingmodes.The modewe useis
the" Function mode.This modeis the onethatthe TI-83 is in whenyou take it out of the
packageso you shouldnot have to explicitly setit. In caseit is notin “ Function mode,

presgvopg)( v J( v )J( v )[enTER

Graphing One Function at a Time

Oncein functionmode,you will wantto enterthe functionto be graphed.Presshe( v=]
key. This bringsup the screershavn below:

Flatl Flatz Flok:
=-%1=01
M=
M=
wMy=
wHe=
“ME=
M=

EnterthefunctionasY,, thenpressgrard. Whenenteringa function, the(x.r.e. button
is usedto enterthe variable. This variableis ALWAYS X on the calculatoy regardlessof
whatit is calledin the problem.

Example2.1:
Graphthe function f(x) = x?. Pres{ v= ] Grard. The resulting
graphshouldlook like: (if it doesnt, presgzoom) andselec{e: zstanasrd])
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\/

Whenyou aredonegraphinga particularfunction, go to that functionin the function

entryscreerandpresscLear).

Example 2.2:
Graphthefunctiong= 3p—5.

To do this, we mustfirst recognizethatq is a function of p. In otherwords,q
in this functionis playing the role thaty usually does,while p is playing the
role of x.

Presg v= ). If thereis arything enteredasY, pressciear. Now we enter

thefunctionby pressind_3 Jxen( - J(_5 ). Now graphthefunctionby
pressingsrapH. Thegraphbelon shouldresult.

/

Graphing Two or Mor e Functions at Once

It is oftenusefulto beableto graphmorethanonefunctiononthescreeratthe sametime.
Somepossiblereasondor this areto comparethe shape®f differentgraphsio seewhich
functionincreasegastey or to seewherethe graphsntersect.The needto graphmorethan
onefunction at a time is the reasonthat the function entry screenallows you to enterup
to 10 functions(only 7 shaw atatime, but if you scroll down by holding down the( v )
button,thenyou canseefunctionsnumbered, 9 and0). Generallyyouwon't graphmore
thantwo or threeatatime, asmoremalesthe screemretty cluttered.

To graphmorethanonefunction, simply enterthe first function asYy, the secondas
Y», andsoon. Whenyou aredoneenteringfunctions,presserard, andthe calculatorwill
drav Y1 followedbyY,, etc.

Graphing a Piecewise-DefinedFunction

Therearereally two waysto grapha piecevise-definedunction. Both methodshowever,
requirethat you first take the calculatorout of the default " connected mode. To do so,
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presgvong) (v J( v J( v J(v J( » J[enter] Thiswill cause’ Connected to be un-
highlightedand” Dot" to behighlighted.Your calculatomwill now notconnectll thepoints
it dravs whengraphinga function. Press to returnto the homescreen.

Method 1: Thefirst methodof graphinga piece-wisedefinedfunctionis to entereach
piece(alongwith it srestriction)asaseparatéunction. Theinequalities>, <, >, and< are
foundin the TEST menu. This is accessetby pressing . (TEST is thesecond

function of (matH)) .

Example 2.3:

X2 if —3<x<1

x+1 ifx>1
To do this, first put the calculatorin “ dot' mode(seeabove), thenpresg v= )
andenterx?(—3 < x)(x < 1) for Yy asfollows:

Graphthefunction f(x) =

kren(e JC o)) [s:<]bereg() J Jfkren
EH| GBS

NOTE THAT THE RESTRICTIONIS BROKEN INTO TWO PIECES.This
will notwork if youtry to enter—3 < x < 1 all atonce.

Now moveto Y, andenter(x+ 1)(x > 1) by pressing

Oxred(+ J( 1 )OO JCCJfxTen
NOTE THE PARENTHESESAROUND " x+ 1" ! Without them,this doesnot
work.

PressrarH, andyou shouldgetthe graphshavn below:

The dottedaspecif the parabolaleft part of the graph)is becausehe calcu-
latoris in " dot’ mode.In reality, all of thosepointsshouldbe connectedvith
asmoothcune.

Method 2: Method?2 differsfrom methodl in thatthefunctionis notenteredn pieces.
Instead,t is enteredasa singlefunction definedasthe sumof all of the pieces(including
restrictions).Thisis not phrasedrery well, soseethefollowing example.
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Example 2.4:
To obtainthesamegraphasin the previousexample putthecalculatorin “ dot'
mode,press v= ] andenterthefollowing asY;:

L)) sy
[ ) )| G ) ) W [T,
EDanen

This looks pretty nasty but it simply entersY; = x?(—3 < X)(x < 1) + (X +
1)(x > 1). Whenyou presszrapH, you shouldgetthe samegraphasbefore.

NOTE: Whenyou aredonegraphingpiece-wisalefinedfunctions returnthecalculator
to " connected modeby pressindvong)( v J( v J( v J( v )[eEnTER]

Deselectinga Function for Graphing

On occasionyou may wish to have a function enteredin the functionlist, but you dont
want to graphthat function. Most often this occurswhenyou know that you’ll needto
graphthe functionlater, but you don't needthe graphnowx andyou don't wantto have to
re-enteiit whenyou needit. In this caseyouwill wantto " deselect thefunctionandthen
" reselect it whenyou wantto seethegraph.

Keystrokes:

To "deselect a function, move to that functionin the function list by using
(_v Jand/of_a ), thenpres{ « Jtomovethecursorontothe"®" andpress
Ented to deselectThe"H®" indicatingthatthefunctionwill notgraphwhenthe
buttonis pressed.

Keystrokes:
To" reselect adeselecteflinction,performthesamekeystrokesasabove until

the"=" is highlighted.

TRACEIng a Graph

Whenyou have the graph(s)f oneor morefunctionsdisplayedon the screenyou canuse
the TRACE functionto move alongthe graphandseex andy valuesat variouspointson

thegraph. To do so, pressthe(rracg button. A crosshairappearon oneof the graphs(the

equationfor the currentgraphappearsn the upperleft cornerof the graphwindow). The

bottomleft cornercontainsthe currentx-coordinateandthe centerof the bottomcontains
the currenty-coordinate Usethe(_« ) and( » ] buttonsto move alongthe currentgraph.
If you have morethanoneactive graph,thenyou canusethe(_a ) and(_v ) buttonsto

changegraphs.
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2.2 Parenthesesand Graphing

The useof parentheseshenenteringfunctionsfor graphingfollows the samebasicrules
asfor calculationgseesectionl.4):

o If the numeratorof a fraction consistsof mathematicabperationsgnclosethe nu-
meratorin parenthesesThis is especiallycritical if the numeratoiincludesaddition
or subtraction.

o If thedenominatoof afractionconsistof mathematicabperationsenclosethe de-
nominatorin parenthesesThis is alwayscritical, evenif the numberson the bottom
areto bemultiplied.

¢ If anexponentcontainsmathematicabperationsencloset in parentheses.
¢ If arootcontainamathematicabperationsencloseheradicandn parentheses.

o If anabsolutevalueexpressiorcontainanathematicabperationsencloseheexpres-
sionin parentheses.

o Whenmultiplying a fractionby a variable,you shouldenclosethe fractionin paren-
theses. This is especiallyimportantif you are usingary calculatorotherthanthe
TI-83 or the TI-86.

¢ |IF YOU ARE NOT SUREWHETHER YOU SHOULD USE PARENTHESESOR
NOT, USETHEM.

Example 2.5:
X+ 3

Supposegouwantedio graphthefunction f(x) = E x Youcouldtry entering
it into the calculatorusingthe keystroles

| G| O | )| G | R

This resultsin the screendisplay X + 3/5 — X, which, in normalnotation,is

X+ g —X. Thisis bad.

Whatwe needis somewayto tell the TI-83 thattheentirex+ 3 is ontop of the
fractionandthatthe entire5 — x is on the bottom. The answeris parentheses.
Insteadof the keystrokesabove, typein

CJkreq(+ ) )OI I ke )

Thescreerdisplaythistimeis (X + 3) /(5 — X), which is whatwe wanted.

If youomit the parenthesewhich enclosehetop andthe bottomof afraction,you are
NOT goingto getthe outputyou desire.Comparehetwo graphsin example2.6, below.

Example 2.6:

A homevork exerciseasksstudentgo graphthe function f(x) = 1 on

X—2
their calculators StudentA entersthe function
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Y1 =3X+1/X-2
His graphlookslike

StudentB entersthefunction
Y1=(3X+1)/(X-2)
His graphlookslike

—_—
Thetruegraphlookslike

i0

8

6

4

2

0

10 -8 -6 -4 -2-2)8k 2 4 6 8 10

-4

-6

-8

-10

Why is the first graphwrong? Sincethe studentforgot to put parentheses
aroundthe numeratorand aroundthe denominatorof the fraction, what he

really graphedwvasthefunctiong(x) = 3x+ % — 2. As you cansee thegraph
is really quite different.

Example 2.7:
Graphthefunctiony = 2x— 5.

If we didn’t think aboutit, we might begin by pressing v=_) andenteringthe

functionas(z ) (= ) () kreq(—)(Cs ). While theTI-83 andTI-86 will allow
you to getaway with this sloppy method,mostothercalculatorswill not—so

13
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avoid it.

Instead,put parenthesearoundthe fraction: [ ( J( 2 J( + J( 3 J( ) )
xten( — J(_s ). Theresultinggraphshouldbe the sameregardlesf what
calculatoryou areusing.

2.3 Adjusting the Field of View

The WINDOW Screen

Presghefvnoow key. The screerdisplayedshouldlook like

WTHOOL
=Min=A18
®Max=18
®acl=1
gfin=-18
diax=18

LaScl=1

If your screendoesnt look like this, try pressingzoow), selecting &:zst.andard |, and
pressingwnoow again.

This first threelines of the screen(after WINDOW) aretelling you thatthe left side of
the graphingscreenis at x = —10, the right sideis at x = 10, andthe tick markson the
x-axis occurevery one unit. The next threelinestell you thatthe bottomof the graphing
screernis aty = —10,thetopis aty = 10, andthetick markson the y-axis occurevery one
unit.

NOTATION: From here on out, | will use the notation X:[Xmin,Xmax;Xscl] and
Y:[Ymin,Ymax;Yscl] to talk aboutthe entrieson this screen. The entriesfor the standard
window shavn above, then,areX:[-10,10;1] andY:[-10,10;1].

Example 2.8:
Graphthe functiony = x* on the standardvindow (i.e., dont changeary of
the settingsshavn abore). You shouldgetthe graphshavn below.

\/

Presswwoow, changethe entriesto X:[-3,3;1] and Y:[0,10;1], and preSSGrAPH.
Notethe changen thegraph.Thex-axisnow only goesfrom —3 to 3 andthe
y-axisfrom 0 to 10. Notice how mary tick marksareon eachaxisnow (6 on
thex-axisand10 onthey-axis).
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Whenyou aredonewith the previous view, presswnoow againandchangethe
entriesto X:[-3,3;.5] andY:[0,10;2]. Pressrard. Now thereare12 tick marks
onthex-axis(at—3,-2.5,-2,-15,-1,-0.5,05,1, 1.5, 2, 2.5, and3—the
marksat —0.5 and0.5 aremostly hiddenby thegraph).Thereare5 tick marks
onthey-axis(at2, 4, 6, 8, and10).

It is agoodideawhenyou aredoneto alwaysreturnthewindow to thestandardettings
X:[-10,10;1] andY:[-10,10;1]. Thatway you arealwaysstartingin the sameplace.

The zOOM Menu

Sometimegherearefeaturesof a graphthatyou would like a closerlook at, but you don't
know exactly whatvaluesto enterin the WINDOW screerto getthedesiredresults. Thisis
wherethe functionsof thezOOM menucancomein handy Presghe(zoom)] key. Themenu

displayedshouldlook like
ﬁg MEMORY
(nbs
sZoom In

Thearrow in placeof the colonfor option7 tells you thattherearemoreoptions.Press
andhold(_v )to seethelastthreeoptions(numbered, 9, and0).

You won't usemostof the optionson this menuin Math 111, but therearea few that
you mayfind useful:

You canusethis optionto drav a rectangulabox arounda partof the graphthat
you wantacloserview of. After selectingthis option,usethearron keysto move to

the top left cornerof the box you wantand pres, thenusethe arrow keys to
move to the bottomright cornerof the box youwantand pres.

This option allows you to zoomin on the graphat a particularpoint. After
selectingthis option, usethe arron keysto maove the cursorto the pointon thegraph
thatyouwould like to bethe centerof the new, zoomedgraphandpres.
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You may have noticedthatthe screeris wider thanit is tall. Dueto this and

otherproblemscausedy using] 1: 20« |, graphscanbecomevery distorted.A circle*
graphedon the standardsiewing window lookslik e this:

,."’df_
.

_‘ﬂq.\l
2y

Thefactthatit doesnt touchthe x-axis s troubling, but not the point. The pointis
thatit lookslike anellipsebecausét is longerthanit is tall. The[s: Z5auar= | option
cansavetheday It " squares the screersothatthe unitsarethe samelengthin both

thex andthey directions.Theresultof selecting 5: z5auare | onthis graphis:

'—\-\.\II
=y

-
p.

Thegraphstill doesnt touchthe x-axis,but we cant do anything aboutthat. At least
the shapds morecircle-like now.

&:Z5tandard | This optionreturnsthe view to the standardziewing window ( X:[-10,10;1]
andY:[-10,10;1] ).

This option is intendedfor usewhenyou dont knowv what valuesto enter

for Ymin andYmax. If you selectthis option, the calculatoraccessethe Xmin and
Xmax asdisplayedonthe WINDOW screenthencomputesymin andYmax to display

asmuchof the graphof eachactive function as possible. Note: does

not changethe Yscl setting,so you may needto do so by handin orderto have a
meaningfuly-axis. THIS OPTION SHOULD ONLY BE USED IF YOU KNOW
THE BASIC SHAPEOF THE GRAPH(S)IN QUESTION. If you don't know the
basicshapethenit is difficult to know if theresultis actuallyusefulor not.

2.4 AdvancedGraphing Techniques

Evaluating a Function

Onedravback of TRACE that you will discover very quickly is that you cannotcontrol
exactly whatvaluesof x it goesto. Thevaluesit displaysarethe onesthatit just happened

*Thecircle s graphedy usingthe equationsr; =/ (25 —X?) andY, =-/ (25 — X?).
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to computein the processof drawving the graph. With rareexception,thesevaluesare not
theonesyou want. It is, however, not a difficult taskto find the valueof afunction. There
aretwo methods:

Using TRACE

Usethe calculatorto drav the graphof the functionin questionso thatthe value of x
thatyou wantto useis betweenXmin andXmax. Presgrracg andthenenterthe valueof x.

Example 2.9:
Suppose/ouwish to evaluateF (x) = 2x3 — 3x? + x— 1 for x= —4.

Since—4 is between—10 and 10, the standardvindow (seesection2.3) will

do. Graphthis function, presstracg [ () 4 )[enter]. The bottomof the
screerreadsX = -4 Y = -181, meaninghatF (—4) = —181.

Without Using TRACE

The secondmethodis morealgebraicin natureand usesfunction notation. Enterthe
functionyou wish to evaluateasoneof thefunctionsin thefunctionentryscreerandreturn
to thehomescreen.Thenusethe VARS/Y-VARS/Function menuto choosethe appropriate
functionandevaluateit usingthe f(x) notation.

Example 2.10:
EvaluateG(t) = 4t> — 2t + 1 fort = 15.

Pres§ v= ] andenterthe function (with X insteadof t, of course)asYy, then
press to returnto thehomescreen.

Now presgvars)((»_) (to move to the Y-VARS menu),selec{i:Function..

thenselec{1: ¥1]. ThisputsY; onthescreen.

Next, pres{__( J((1 J(s J( Jandpressenter)
We now seethatG(15) = 871.

NOTE: This problem can also be done using the methodshownin the last
example but youwould haveto adjustthe viewing windowfirst sothat 15 lies
betweerXmin and Xmax. Seesection2.3for howto do this.

The CALCULATE Menu

Press (locatedon therracg key). This bringsup thefollowing menu:
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F]
value
P Zero

fminimum
fmaxinum
fintersect
s [ERgs 1)

A M T

3
4
=
=]
[

Thisis anothemenuthatyouwill notusealot of in Math 111,but someof the options
areextremelyuseful.

This option can be usedto find the x-interceptsof a graph. Whenyou choose
this option, the graphis redisplayedwith the question’ Left Bound? At this point,
you shouldenteran x valuewhich is a little bit lessthanthe suspected-intercept.
Thecalculatorthenasks' Right Bound? Enteranx valuewhichis alittle bit greater
thanthe suspected-intercept. Finally, the calculatorasks” Guess”. Enteravalue
betweerthoseenteedfor * Left Bound and” RightBound .

Example2.11:

Graphthefunctiony = x3 — x— 1 onthewindow X:[-5,5;1] andY:[-5,5;1].
Thereis anx-interceptbetweert and2. Wewill usethe| 2:zers | function
to find this x-intercept.

Press andselec.

Whenthecalculatorasks,' Left Bound?, pres§ 1 ]totell thecalculator
thattheinterceptis greaterthanl.

Whenthe calculatorasks,’ RightBound?, pres{ 2 ) tell the calculator
thattheinterceptis lessthan?2.

When the calculatorasks,” Guess®?, press( 1 )J( - ]J( 3 ) to guess
1.3.

The calculatorgives the following display shawving that the x-intercept
occurswhenx ~ 1.324718.

CekFa
n=l.zz4718 1¥=0

If afunctionhasa local minimum valuebetweenXmin andXmax, thenthis
optioncanbe usedto find the minimumvalue.

Example 2.12:
Graphthefunctiony = x3 — x— 1 onthewindow X:[-5,5;1] andY:[-5,5;1].
Thereis alocalminimumbetweerD and1, sowewill usethe| 3:mirimum |
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functionto find it.

Press andselec .

Whenthecalculatorasks, Left Bound?, pres§ o Jtotell thecalculator
thatthe minimumoccursat a valueof x greaterthanO.

Whenthe calculatorasks,” Right Bound? , presg{_1 ] to tell the calcu-
lator thatthe minimumoccursatavalueof x lessthan1.

Whenthe calculatorasks,” Guess®?, pres{ - ) to guessthatthe
x-coordinateat the minimumis 0.5.

The calculatorgives the following display shaving that the minimum
valueis y =~ —1.3849andoccurswhenx = 0.57735266.

el ’*’/

n=57rzEzea 1Y=-1.848

Justlike| 3:minimum |, exceptthatit findsalocalmaximumvalueif oneexists.

This optioncanbe usedto find theintersectiorpoint(s)of two graphs.

Example 2.13:
Graphthe functions f(x) = x> — x— 1 andg(x) = 2 — x on the window
X:[-5,5;1] andY:[-5,5;1]. Thesegraphsintersectin thefirst quadrant.We

will usethe[ st intersest | functionto find the point of intersection.
Press andselect| 5: intersect |,

Thecalculatorasksthe question, First Curve? Answerthis questionby
using(_a ) and/or(_v_] to move ontothe graphof f (the formulawill
appeain the upperleft cornerof thewindow) andpressin.

Thecalculatorthenasksthe question, SecondCurve? Answerby using

(Ca_Jand/of_v ) to move ontothegraphof g andpressingenter).

The calculatornow asksfor a guess.It lookslike the x-coordinateof the
pointof intersectioris nearx= 1.5, soenter{ 1 J(_ - ]J( s Jandpress

ENTER|.

Thecalculatodisplaysthefollowing, indicatingthattheintersectiorpoint
isatx~ 1.4422496andy = 0.55775043.
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Y

ot

InkerFseckion
n=l.M4eeh8e Y= BERPEONE

Graphing Linear Inequalities

NOTE: Shadingn thissectionis accordingo theconventionin thetext Finite Mathemat-
ics & Calculus Applied to the Real World, by Stefan Wanerand Steven R. Costenoble.
(Thisis thetext usedin Math 111andMath 112atTCC.)

Bring up thefunctionentry screerby pressing v= ).

Flatl Flatz Flok:
=-%1=01

M=

M=

wMy=

wHe=

“ME=

M=

The - beforeeachfunctionis actuallyan indicationof the currentdraving modefor
the function. This canbe changedby pressing_ « ] ( <« ) to move the cursorto the ~

andpressindenTer). Presrepeatedlyo cycle throughtheentirelist. Theinteresting
possibilitiesare:

*._ (or connectejl In thismode all graphsaredrawvn with all plottedpointsconnecteahith
arelatively smoothcurwe. Thisis thedefault mode,andif you pressclearto deletea
function, it will automaticallygo backto this mode.

\ (or thick lineg) In this mode,the lines connectingthe plotted pointsarethicker. This
modeis usuallyusedto helptell two graphsapart,or seeif oneis dravn directly on
top of theother

"™ (or shadeabove) In thismode thegraphis dravn asusual but shadingextendingfrom
the curve to thetop of thescreens alsodravn in.

I (or shadebelow) Sameasshadeabove exceptthattheshadings belav thecune.

“«_(or dotted In this mode,the points plotted by the calculatorare not connected.lt is
impossibleto seethe differencebetweenthis and connectednodeunlessthe graph

increase®r decreasempidly at somepoint. (Suchas f (x) = ﬁ.)

Theothertwo optionscanbeignoredfor now.
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How doesthis all apply to linear inequalities?For starterswhenshadinga linearin-
equality(assumingheline is NOT vertical), it is only necessaryo determinewvhetherone
shouldshadeabore theline or below theline. To do this, putthelinearinequalityin slope-
interceptform. If theinequalitysaysy > ... ory > ..., thenshadebelow. If theinequality
saysy < ... ory<...,thenshadeabore.

Example 2.14:
Graphthelinearinequality3x — 2y < 4.

Solvingfor y, we gety > —%x— 2. (Noticethatthe inequalityreverseddirec-
tion becausé have to divide by —2.) This tells methat!| wantto shadebelon
theline.

Pres§ v= ) andenter-(3/2)X — 2 underY;. Next, pres§_« ) until the cur
sor is blinking underthe symbolat the far left side of the screennext to Y;

and presuntil k shaws. (If you accidentallygo pastit, keeppressing
[ExTerjandit will comearoundagain.)Now presssraed.

If you aregraphingon the standardvindow, you shouldgetthe following re-
sult:

%

Thedifficulty in graphingsystemsof inequalities then,is thatmary suchsystemsn-
cludeaninequality of theform x > a or x < a. This is a problembecausdhe boundary
line is verticalandwhenin function modethe TI-83 cannotgraphverticallines. We will
not changemodes.Insteadwe will fool the calculatorby graphinga VERY steepline that
looks, for all intents,like a verticalline. In this way, we can” cheat andgetareasonable
approximatiorof the graphof the system.

Example 2.15:
Graphthelinearinequalityx > 2.

Do this by entering-100000(X — 2) andshadingoelow.

In generalyou cangraphaninequalityof theseformsby graphingy = —100,000(x— &)
andshadingoelow if theinequalityis " >" andshadingaboveif theinequalityis " <" .

Example 2.16:
Thisis example6 on page 248 of the classtext
Sketchtheregion of solutionsof the following systemof inequalities,andlist
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the coordinate®f all thecornerpoints.

3x—2y<6
X+y> -5
y<4

Solvingfor y in eachof theinequalitiesabore, we get

NIw

X—3
—Xx-5
<4

y
y

< IV IV

Thus,we entertheseinto the calculatorasshaovn below:

RYIBCIS20RH-3
kY zE-H-5
=

Pres$rapH andyou shouldget

=

We now find the pointsof intersectiorby usingthe CALCULATE/intersect func-
tion:

Press andselect 5: intersect. |.

To find the point at the bottom of the triangle, selectY; = (3/2)X —3 for
the first curve and selectY, =-X -5 for the second. For the guess,enter

—1. We find thatthe bottom point of the triangleis atx= —0.8 or — é and

y=—4.20or — 2. Sothepointof intersectioris (-2, — %)

T

Wewill now find thepointattheupperleft corner Press andselect

again.For thefirst curve, pres{_v_)toselectY, = -X —5. For

the secondselectY; = 4. For the guessenter—8. We find thatthe intersec-
tionis at(—9,4).

Now we find the point at the upperright corner Press andselect

5: intersect | ONceagain. For thefirst curve, selectY; = (3/2)X — 3 andfor
thesecondpresq v ]to selectY; =4. For theguessenter4. The calcula-
tor shavs X = 4.6666667 Y = 4, meaningthat the point of intersectionis at

(4.9).
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Matrices

3.1 Entering and/or Editing a Matrix

Presguarrd. Thescreerdisplayedwill look alot (althoughnot necessarilyexactly) like the

onebelow:
MATH EDOIT
: IHE

2¥2

g Lol B
mmmOacm

(Yourcalculatomaynothavethe” 3x6" or” 2x2" entries.Oryoumighthave different
entriesaltogetherin that column. That's okay) Notice that there are three submenus:
NAMES, MATH, and EDIT. To enteror edit a matrix, you mustselectthat matrix from the
MATRX/EDIT menu.

To edit matrix [A], for example,pressarzy) (» ) (C»_) andselect[1: ta1]. If thisis

thefirst time you have entereca matrix as[A], thenyour screerwill shaw

MATEIXIA] 1 =1
[ 1

If amatrix hasbeenenterecbnyour calculatoras|A] before thenthedisplaywill shav
thatmatrixinstead.Thedisplayabove indicateshat[A] is a 1x1 matrix whoseonly entryis
"0". To changgA] to a2x3 matrix, pres§_2 J(enter](_3_][enter) Thescreerchanges
to shav

23
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MATRIAIA] 2 X3
[ [ 1 0
[o 0 0

1:1=H

The upperright cornernow indicatesa 2x 3 matrix, while the main part of the screen
shaws a pictureof the matrix. ( If thematrix is too wide for the screenthenit will simply
run off theedgeof the screerandwill scrollto shav otherentriesif you pres{ » ) and/or
(_«_J).) Thebottomleft cornerof thescreerindicatesthatthe cursoris on thefirst row, first
column,andtheentrythereis 0.

.12 5 4 .
Enterthe matrix [_3 1 _1] by pressing

() e (o e (O e
5 T T [ e W [

Your screershouldlook like

MATEIXIA] 2 =3

1% i ol

z.z="1

Notethatthebottomleft cornemow indicateshatthecursorisin row 2, column3, and
theentrythereis —1.

You arenow doneenteringthis matrix. Press to returnto thehomescreen.

2 5 4

31 _ This is,

Supposehat insteadof [ ] you meantto enter[ 2.5 4]

-3 4 -1}
luckily, easyto fix.

Presswarry (» ) (» ) andselect[1: ir1], thenusethe arrov keys to move to the
centerof the secondrow (it readsl andwe wantto changet to 4). Pres§_4 ) and
therepairis made.

5 5 4 2 5 4
Now let'saddarow to thematrix. Insteadof , Supposavewant | -3 4 -—1].
-3 4 -1 -2 0 10

To enterthe new row, pressarey ((» ) (»_) andselecq{1: tA1]. Pres{"s ) enter),

andthe calculatoraddsathird row. Usethearrown keysto moveto thefirst entryin thethird

row andpres§ ¢ J(_2 Jenter)(_o J(enter) (1 0 )[enTeR].
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Adding a new columnto a matrix worksin exactly the samewasasaddinga new row,
exceptthatyou changethe numberof columnsinstead.All entriesin the newv columnwill
be" 0" until youchangethem.

3.2 Matrix Algebra

Firstlet memaleit clearthatby " Matrix Algebra , | meanmatrix addition,subtractionand
multiplication, scalamrmultiplication,andmatrix inversion.l do NOT meanrow operations.
Row operationsarediscussedn section3.3.

Important Note: Noneof the algebraic opemtionsstore theresultin the calculator In
otherwords,if youhavea matrix A storedin the calculatorandyouwantto havethe matrix
2A instead,youwill haveto store the resultsyourself In this case just press_2 ) (warry),

selec1: [A1], pressgTo) arey, selec{[1: (A1], andpresgenter). Thiswill replacetheold

matrix A with the new matrix 2A.

Theonly trick to doing matrix algebrais to remembethatarny matrix you wish to use
mustbe choserfrom the MATRX/NAMES menu.

Example 3.1:

LetA= [2 4 5] [ ] FindA+ B, A—B, and2A—5B.
123 —2 -5

EnterthematricesA = E g g] andB= [ 32 _12 __155] into your calcu-

lator asmatrix [A] andmatrix [B], respectiiely. (Seesection3.1for how to do

this.) Whenyou aredone,press to returnto the homescreen.

We startby computingA+ B. Pressuatry, select1: ta1], press_+ ) uatry,
selec, andpres. Youshouldget

0 5 -10
e

Now we computeA— B. Presfuatry), selec{ 1z tr1], pres{” — ) (arry, select
[2:1B1), andpres@. enter). You shouldget

A_B_ [4 3 20]

-2 4 8

Finally, we compute2A— 5B. Presg{_2 ) (warey), select{1: tr1], press_— )
5] [watry, select z: (B ,andpres. Youshouldget

OA_ 5B — [ 14 3 85]

-13 14 31

As you canseein thelastpartof thatexample,evenscalamultiplicationis prettyeasy
Thenext exampleillustrateshow easyit is to invert a matrix usingyour calculator
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Example 3.2:
LetC= [i _12] Enterthis asmatrix [C] andreturnto thehomescreen.

Presguatrd, selecq: 1c1], andpres{ x* ) [enter): Thescreendisplays

Thedots(...) attheright handedgeof the screerindicatethatthe matrix runs
off the edgeof the screen. Usethe( » ) and( <« ) keys to view the entire
matrix. Your calculatorshouldgive you theanswer
c-1_ [ .0909090909 .181818181?
—.3636363636 .272727272

This, unfortunatelyis notreally theway we lik e to seethis type of answer We

would ratherseefractions. Presswatn), select1: +Fr-ac], and pressnter).

Theansweiin fractionform is L

2
ci=| % %]
11 11

Example 3.3:
3 4
If A= 23 -1 andB= |5 6/, find AB.
35 0 > 8

EnterA andB into your calculatoras[A] and[B], respectiely, thenpress
to returnto thehomescreen.

Presguarey, select 1: [A1], pressarr, selecqz: [E1], andpressenter)

Theansweryou shouldgetis

AB— [14 18]

34 42

3.3 Performing Transpositionsand Row Operations

TheMATRX/MATH menu(seebelow) allowsaccess$o mary operationsincludingafunction

for finding thetranspos@f a matrix andfunctionsfor performingrow operations.

HAMES [EEMs EDIT
det

dime
Fille
ident.ital
rand

audment. .

!

3
4
=
=]
[
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Transpositions

Themenuoption[z: 7] is usedto take thetransposef a matrix.

Example 3.4:
|1 2 3 4] _ T
LetA_[5 6 7 8].FlndA.

EnterA asmatrix [A], returnto thehomescreenandpressuarex), selecf1: t1],
presspare(_» ), selec{2: 1], andpressenter)

Theanswerreturnedoy your calculatorshouldbe
1

5
6

T _
A= 7
8

A WN

Row Operations

Therow operationsareoptionsA-F of the MATRX/MATH menu.

Syntax:ref(matrix). Putsthe specifiedmatrixin row echelonform.

Example 3.5:

2 3 -1
Assumethematrix (3 5 0 | is storedas[A].
78 9

To putthismatrixin row echelorform, presguarrq( » ,selecqﬂ:ref‘c,

presguatry, selec{1: ta1], andpress ) ] (enter)

Theresultdisplayedon your screershouldbe (you have to scroll right to
1 1.142857143 1.285714286

sedt all) 0 1 —2.45454545
0 0 1

B:rref (|| Syntax: rref(matriy). Putsthe specifiedmatrix in reducedrow echelonform.
Seethe exampleabove for useof this syntax.

Syntax:rowSwap(matrix,ravA,rowB). SwapsrowA androwB in the speci-
fied matrix.

Example 3.6:

2 3 -1
Assumethematrix (3 5 0 | isstoredas[A].
78 9

Toswaprowstwo andthree presguarry(_» ), selecf c: rowswar ¢J, press
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WaTRX), selec, andpres{ » J(2 J( )3 )() )fenter)

Theresultdisplayedon your screershouldbe

2 3 -1
78 9
35 0

| Syntax:row+(matrix,rovA,rowB). Adds rowA androwB in thespecifiedmatrix

and

replacesowB with theresult.
Example 3.7:
2 3 -1
Assumethematrix [3 5 0 | isstoredas[A].
78 9

To addrows 2 and3 andstoretheresultin row 2, presguarry(_» ), select

[Oirou+c], pressuarsy, selec{i: tr1], andpres{ s J(s J(+ (2 )
(O J[enter).
Theresultdisplayedon your screershouldbe

2 3 -1

10 13 9

7 8 9

IMPOR TANT: Noticetheorderin which therowsare enteed. Thesec-
ondrow listedis therowthatgetsreplaced.f | wantedto puttheresultin
thethird row insteadof the second] would haveenteedthe 2 befoe the
3.

Syntax: xrow(value,matrix,ra/). Multiplies the givenrow in the specifiedma-

trix

by value
Example 3.8:
2 3 -1
Assumethematrix [3 5 0 | isstoredas[A].
7 8 9

To multiply the first row by —4, pressfuared (» ), select[Ez #rauc],
pres{ o )(Ca J( J(warey, selecfi: tr1], andpres{_» J(1 J( )
)

Theresultdisplayedon your screershouldbe

-8 -12 4
3 5 0
7 8 9

Syntax:xrow+(value, matrix, ravA, rowB). Multiplies rowA in thespecifiedna-

trix by value addstheresultto rowB, andreplacesowB with theresult.
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Example 3.9:
2 3 -1
Assumethematrix (3 5 0 | isstoredas[A|.
7 8 9

Supposeyou wantto add 9 timesrow oneto row threeandreplacerow
threewith theresult.

Presspuarey) (»_), select[Fiwrou+d], press("e ) (1) (warey), select
[1: ta1), andpres{ - (1 ) (=) J[ener)

Theresultdisplayedon your screershouldbe

2 3 -1
3 50
25 35 0

Important note: Noneof the opemationsdescribedn this sectionsavetheresult. Thus,
if youwantto keepthe resultof your calculation, you needto savethe resultmanually
If, for example you wishto replacematrix [A] with the resultof the last example do the

calculationasdescribecaboveandthenpressstos) ), selecf1: tA1], andpresgenTer)

3.4 Usingthe PI VOT Program

Before you begin:

e GetthePl VOT programfrom AppendixB of your text. Alternatively, you canproba-
bly getit from a classmat®r from yourinstructor

e Make surethatthe matrix you wantto work with is storedasmatrix [A]. The Pl VOT
programcanONLY accesghis matrix.

WARNING: ThePI VOT programchangesnatrix [A]! If youwishto keepthis matrix,
enterit asa differentmatrix (say [B]), returnto the homescreenand pressjuatry), select
[2: tB1], pressisTo®) [warrY, selec, andpressnTer. The matrix is now storedas
both[A] and[B]. If youmessup while usingthePl VOT program you canrestorematrix [A]
to its original stateby following the above keystrokesagain.

Onceyou have theprogramandmatrix [A] is ready runthePl VOT programby pressing
(ProM), selectingthe programP! VOT (what numberthe selectionis dependson how mary
programsyou have, but it will probablybe the first one for most of you), and pressing

ENTER|.

Thescreershavs you matrix [A] andwaits. If thematrixis toowide for thescreenyou
canuse_» Jand(_« )to seethewholething atthis point. Whenyou aredonelooking at

the matrix, pres.

Thecalculatomow asksyou whatyou wantto do.
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1TO PIVOT
2 TO DIVIDE
3 TO STOP

Whatthe calculatordoesnext dependson which optionyou choose.To choosean option,
presstheappropriatenumber(1, 2, or 3) andpres.

PIVOT Thisoptionallowsyouto " pivot' onaparticularentry Whenyou selectPIVOT, the
calculatorasksfor arow. Presghenumberof therow thedesiredpivot entryisin and
pressenter). Thecalculatorthenasksfor a column. Presshe numberof the column

thedesiredpivot entryis in and pres. The calculatorthenpivots on the entry
indicated shaws you theresult,andwaits. Pres to returnto the aboave menu.

DIVIDE This option allows you to divide an entirerow by a number Whenyou select
DIVIDE, the calculatorsays’ DIVIDE ROW" . Enterthe numberof the row you wish
to divide. The calculatorthensays’ BY". Enterthe numberyou wish to divide the
row by. Thecalculatordividestheindicatedrow by the desiredvalue,shavs youthe
result,andwaits. Pres to returnto the above menu.

QUIT Thisoptionquitsthe program.

Example 3.10:
2 3 -1 5
UsethePl VOT programto reducethematrix |3 5 0 2 | toreducedow
78 9 10
echelonform.
Pressgpraow), selectPl VOT, andpressenter). Thescreershavs
FramP IVOT
[[2 3 -151
[Z2 28 21
[v 23 18]l

Thedotsin theupperright cornerindicatethatthe calculatoris pausedsoit is
necessaryo pres to continue.Do so.

Wewill startby pivoting onthefirstentryin row 1. Pres§ 1 ) to select
the PIVOT option. Enter” 1" for bothROW andCOLUMN. After pivoting, the
calculatorshaws

2 To DIVIDE

A TO STOF 1

Edl 1

COLUMH 1

[fz23 -15 1
@1 3 -11]
B -2 25 -1311
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Next, we pivot on row 2, column2. Pres{ 1 ) to selectPIVOT. This
time, enter’ 2" for bothROW andCOLUMN. As usualthecalculatomwill shav

theresultsandwait. Pres.

Now pivot onrow 3, column3. Theresultshouldbe

2 To DIVIDE

A _TO_STOF 1

Eol 3

COLUMH 3

[[28 8 B8 =228
(B 48 §_ -238
B B8 48 -7d

All pivotingis done.All thatis left is to changethefirst nonzeroentryin each
row into a 1. We do this by usingthe DIVIDE option. Pres to returnto

themenu. This time, selec{_2 ) for DIVIDE. Divide row 1 by 80. Theresult

is

2 To DIVIDE

A TO _STORP 2

OIVIDE ROW 1

BY &0

[[1 @8 B8 18.23.
(B 48 8 -Z238 .
B 8 48 -7@

Pres to returnto the menu. Finish by dividing row 2 by 40 androw 3

by 40. After dividing row 3 by 40, returnto the menuandpresy_ s )
to quit. Thefinal displayshavs

[[1 8 8 18.25]
B 1 8 -5.735]
A @1 -1.7511

1 7O PIVAOT
2 TO DIVIDE
3 TO STAP 3
Oone

You may wantto have the entriesin fraction form instead. To do this, press

(warex), selec{1: 1], presgwath), selec{1 : vFrac], andpresgenter). Thenew

displayis
2 TO DIVIDE
3 TO STOF 3
Oone

[A]l ¥Frac
[[1 8 & 414 1]
B 1 8 -23-4]
a1 -¥v-4 11
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Built-in Solwvers

4.1 The Equation Solver

The EquationSolver cansolwe for ary variablein anequation.To simplify matterswe will
restrictour discussiorto equationswith only onevariable.

The EquationSolver is accessethroughthe MATH menu. To bring it up, press(matn)
andselec{@: solver..]. If thisis thefirsttime thatyou have usedthe EquationSolver, you
will getthefollowing display:

EQUATION SOLVER
CEHGE

If you have usedthe EquationSolver before, thenthe displayshaws the previous equa-
tion andary solutions.To startover, move up to the equationandpresscLeas).

To solve anequationwith the EquationSolver, you mustfirst setthe equationequalto
0. Oncetheequatioris setequalto 0, enterit into the EquationSolver. As you push,
two new linesappear! X=" and" bound={-1:99,1...}" .

The"bound” line refersto the rangeof valuesfor the variablein which the solution(s)
may lie. If the solutiondoesnot lie within this range,thenyou will probablynot find it.
Thedefaultrange {-1:99,1:99}, coversenoughof therealline to handlemostsolutions.

The"X=" (or "T=" or "Y=", etc—dependingn the variablein the equation)line is
wheretherealfun occurs.Here,you mustbegin by guessingvhata solutionto theequation
is andenteringthat guess.Onceyou have entereda guessmake surethe cursoris on the
"X=" line andpress to geta solution. ( is the alphafunction of the

Ereg ey,

Thesolution(if oneis found)will bedisplayedn placeof yourguessaboxwill appear
totheleft of " X=" toindicatethatthisis avaluethecalculatofound,andanew line appears:
"left-rt=0" . ThisvalueSHOULD alwaysbeO. If it isn't, try againwith a differentguess.

32
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If you getthe errormessagéelaw, pres§_ 2 ] andtry anew guess.

ERE:BAOD GUESS
Luit
tGoto

This messageisually occurshecausehe guessdidn't lie within the rangedefinedby
"bound" .

If you getthis errormessage:

ERF:HO SIGH CHHG
Luit
tGoto

thenthereis probablyno solutionto the equatiorwithin therequestedange.(Notethe
word " probably . Unfortunatelythe EquationSolver is not perfect.)

Let'slook at someexamples.

Example4.1:
To keepthingssimple,let’s solve the equationx’ = 4. The solutions(—2 and

2) areeasyto find algebraicallysowe cancheckour work easilyenough.

First, we mustsetthe equationequalto 0, so subtract4 from eachsideto get
X2 — 4= 0. Presgwarr) andselecfa: salver..|. Entertheequatiorby pressing

(D)

To begin with, assumewe don't know that 2 is a solution, but we know that
thereis a positive solution. Enter40 asa guessandpress . Note
thatthe solutionyou getis X=1.9999999999.... Thecalculatordidn’t get2, but
gotprettydarnclose.Roundingerrorsarenotuncommornwhentheguesssn’t
very closeto theactualsolution.

Now try guessingb instead. After entering5 asa guesspress
Thistime we getthecorrectanswerX=2.

To getthenegatie solution,we needto enteraguesslosetoit. Try —1.5 asa
guessandpress . You shouldgetX=-2.

Note from this examplethat, in orderto getall solutions,you mustknovy how mary
solutionsthereareandapproximatelywhatthey are. But whatif you don't knov whatthe
solutionsare?After settingthe equationequalto zero,drav a usefulgraph.

Example 4.2:
Usethe EquationSolver to find all solutionsto the equatiorx® — 2x+ 1= 0.

This equationis alreadysetequalto 0, sol cango straightinto solving—hut |
don't have ary ideawhatto enterasaguess!l startby graphingy = x> — 2x+1
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to seehow mary x-interceptsthereare and approximatelywherethey occur
Looking at the graphon the standardwindow (X:[-10,10;1], Y:[-10,10;1] ), |
seethatthereappearo bethreex-intercepts.

|
|

By changingtherangeto X:[-2,2;.5] andY:[-1.5,3;.5], we seethattheintercepts

areatabout—1.25,0.5, and1.

Thesearethevalueswe will useasguessei the EquationSolver.

PresgmarH) andselect #: soluer..|. Clearoutary previousequationsaanden-

ter the new one. For the first guess enter—1.25, thenpress

We find that the solutionis x ~ —1.2906488013467it runs off the screen,
sousethe( » ] buttonto seeit all. NOTE THAT THIS IS ONLY AN AP-
PROXIMATE SOLUTION! THE CALCULATOR OFTEN CANNOT GIVE
AN EXACT SOLUTION.

Presgciear), enter0.5 asaguessandpress . Theresultshouldbe
X = 0.51879006367591
Finally, presscLear), enterl asa guessandpress . Theanswer

is X~ 1. Notethatl still saidapproximately Until we testthis solutionin
the original equation,we do not know if it's an exact answeror not. (It is,
actually—tryit.)

Example 4.3:
Onevery interestingthing that we shouldnoteis what happensf we guess?
in the previousexample.

Bring up the EquationSolver by pressindwar+) andselectingj&: solver...|. If

you did the previous example the equationshouldalreadybe enteredsoput 2
in as a guess and press . The solution you get is
X~ —1.2906488013467You might wonderwhy you didn't get1, sincethat
solutionis closer The answerlies in the procedurehatthe calculatorusesto
find the solution andis beyond the scopeof this book. The pointis thatthe
solutionyoufind is not alwaysthe oneclosesto your guess.
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4.2 TheTVM Solver

What All the Variables Mean

Firstof all, "TVM" standgfor “ Time Valueof Money". The TVM Solwer is atool which
allows you to solwve for paymentson a loan, future value of aninvestmentterm of aloan,
andotherquantitiesdealingwith money over along periodof time.

To accesghe TVM Solwer, press andselect1: TuM Solwer.|. Thefirst
time you do this, you will getthefollowing screen:

8
T=6
Paot=1

Coh=
FHT:E2I BEGIH

MOO—E
i b
i 1 G

If youhave usedthe TVM Solverbefore thenthevaluesshawvn will betheonesentered
thelasttime you usedit. You needto know whatall thesevariablesmean.

N This standgor the numberof paymentsnade(= (P/Y) - (numberof years)).

1% Thisis theinterestrateIN PERCENT In otherwords,if theinterestrateis 7.5%,enter
"7.5 here,NOT "0.075.

PV Thisis the PrincipalValue (or original value) of the account/annuitylf the annuityis
increasingthis valueis negative. If theannuityis decreasingthis valueis positive.

PMT This is the amountpaid into the annuity at regular intenals. This meansfurther
depositdnto anincreasingannuityor paymentson a loan. Eitherway, this valueis
negative.

FV This is the Final Valueor FutureValue of the annuity It is how muchthe annuityis
expectedto beworthin theend. If you arepayingoff aloan, it is 0. Otherwisejts
valuedepend®n circumstancedyut is generallypositive.

P/Y Thisis thenumberof paymentsnto the annuity(or ontheloan)peryear

C/Y Thisisthenumberof timesinterestis computedeachyear For every examplein Math
111,thisnumberis the sameasP/Y.

PMT:EAN® BEGIN This hasto do with whetherpaymentsare madeat the beginning or at
the end of the compoundingperiods. For work in Math 111, leave this with END
selectedasindicatedabore.
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Thetablebelov shavs how the calculatomotationtranslatesnto the notationfrom the
book.

CalculatorNotation | Book Notation

N mt
1% r-100

PV P

PMT W or M

FV A

P/Y m

(670 m

If thereis novariablein theformulain the bookthatcorrespondso a particularcalcu-
lator variable,enterO for thatvariable.

Whenenteringvariablesinto the TVM Solwer, it is necessaryo pay attentionto what
signthe numberhas.Any numberwhichindicatesa” cashoutflon” (i.e.,adecreasén the
amountof mone/ on hand)will be negative. Any numberwhich indicatesanincreasan
the amountof moneg/ on handwill be positive. Generally receving a loan or liquidating
aninvestmenthathasreachednaturity increaseshe amountof moneg/ on hand,whereas
investingmoney or making paymentson a loan decreasethe amountof mone/ on hand.
Thus,loanamountsandfuturevalueswill generallybe enteredaspositive values but initial
investmentandpaymentswill be generallyenterecasnegative values.

Compound Inter est

The compoundinterestformulais A= P (1+ n%)m The table abore shavs how these
variablestranslateinto the TVM Solwer variables. You usecompoundinterestwhenthe
following two conditionsareBOTH satisfied:

» Interest/dridendsare computedbasedon the presentvalue of the investment,and
NOT on how muchwasoriginally invested.

e Thereareno furtherdepositsor withdravals beingmade.In otherwords,theinvest-
mentis left aloneandallowedto mature.

If thefirst conditionis not satisfied you aredealingwith simpleinterest.If the second
is not satisfiedthenyou aredealingwith anannuity(eitherincreasingor decreasing).

Example 4.4:

Supposeyou deposit$1000into a savings accountearning4% interestcom-
poundedmonthly If no otherdepositor withdravalsaremade how long will
it take for the balanceto reach$15007?

Withoutthe TVM Solver, this problemwould requirelogarithmsto solve prop-
erly, butthe TVM Solver simplifiesthe procesgreatly Beforewe canusethe
TVM Solver, however, we needto figure out whatvaluesgoin placeof all the
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variables.

Thetablebelov shavs whatthe valueof eachTVM Solwver variableis in this

37

problem.
Variable| Value
N unknown
1% 4
PV -1000
PMT 0
FV 1500
PIY 12
ClY 12
Press andselect1: TWM solwer.. |, thenenterthesevaluesin the

appropriateplaces.PV is negative becausét representa” cashoutflow” .

NOTES: (1) Don't worry aboutthe entryfor N. Its valuewill becomputedy
the calculator wewecanignore it for now
(2) Whenyouenterl12for P/Y, C/Y will automaticallychange.

Use(_a ) to move backto thetop line andpress . The calcula-
tor computeN ~ 121.8421525.THIS DOESNOT MEAN THAT IT TAKES
121.84YEARS. RemembethatN = mt and,in this case,m= 12. Thus,to
find theamountof time, we mustcomputet =N/12.

It is temptingatthis pointto returnto thehomescreerandenter' 121.8421525/12
to find t. While this works for mostreal-life casesit is not entirely accurate.
The calculator” knows' moredecimalplacesthanit shavs. Thus,to getthe
mostaccuratecalculationwe needto usewhatthe calculatorknows insteadof

whatthe calculatorshavs. To getN, press (> Jandselec{1:N].

Thus, after returningto the homescreen the keystrokesto find t are:

() select[1zn], pres§’ = ) (Cz ) ("2 ) [enter) This givesanan-

swerof t & 10.15351271.The answey then,is thatit will take approximately
10.15years(or about10 yearsand2 months)for the balanceo reach$1500.

Example 4.5:
An investmentgrows at a steadyrate of 8.5% peryearfor 5 years.If theend
valueof theinvestmenis $4999.66 how muchwasinvestednitially?

Thetablebelov shavs thevalueof the TVM Solver variables:

Variable| Value
N 5
1% 8.5
PV unknown
PMT 0
FV 499966
P/Y 1
(670 1
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Enterthesevalues movetothePV line andpress . Youshouldget
theresultPV =~ —3325001001.Thus,we concludethatthe initial investment
was $3325.00(the restof the decimalplacesmake no sensdan our monetary
systemsowe ALWAYS roundto the nearestent).

If aninvestmentis losing mongy, the samework canbe donewith a negative interest
rate.

Example 4.6:

You invest$1000in your brothers compary, Really Bad Investment)nc. For
thenext 10 years,the stockdecreases valueby 10% eachyear Whatis the
valueof your investmentattheendof thoselOyears.

TheTVM Solwervariablesare:

Variable| Value
N 10
1% -10
PV —1000
PMT 0
FV unknown
PIY 1
CIY 1

Enterthesevalues,move to the FV line, andpress . You should
getthatFV =~ 3486784401 meaningthatthe valueof the stockafter 10 years
is $348.68.

IncreasingAnnuities

. . . . (1+5)™ -1
Theincreasingannuityformulais A= M-—™"0"— Thetableon page36 shavs how

m
thesevariablegranslatento the TVM Solvervariables.You aredealingwith anincreasing
annuitywhenthefollowing conditionsare ALL satisfied:

e Thevalueof theannuityis increasing.

o Interest/diidendsfinance chagesarecomputedusingthe currentvalueof the annu-
ity.

¢ Regularpaymentsaremadeinto the annuitywhich helpto increasaéts value.

o No withdravalsaremadeagainsthe annuity

A retirementaccount(prior to retirement)is an excellentexampleof anincreasingan-
nuity.
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Example4.7:
Thisis examplel on page581 of the Math 111text.

Every monthfor 10years you deposit$100into aretirementccounthatpays
5% interestperyearcompoundednonthly How muchmoney will therebein
theaccountattheendof thoselOyears?

Thevaluesof the TVM Solver variablesareshavn below:

Variable| Value
N 120
1% 5
PV 0
PMT —100
FV unknown
P/Y 12
Cly 12

Enterthesevaluesmoveto FV, andpress . Theresultyou should
getisFV = 15,52822794 meaninghattheendvalueof theaccounis $15,528.23.

DecreasingAnnuities and Loans

(1+m)™
T
shawvs how thesevariablegranslatanto the TVM Sol\ervgriables.You aredealingwith a
decreasingnnuityor loanwhenthefollowing conditionsareALL satisfied:

1—
The decreasin@nnuity (or loan) formulais P =W . Thetableon page36

e Thevalueof theannuity/amountwedis decreasing.

¢ Interest/financehagesarecomputedusingthe currentvalueof the annuity/amount
owed.

e Regularpaymentaremadeagainstheannuity/loarwhich helpto decreasdés value.

¢ No transactiongbesidesinterest/financeehages) occur which would increasethe
valueof theannuity

A retirementaccount(after retirement)and a mortgageare excellentexamplesof de-
creasingannuities.

Example 4.8:
Thisis example9 from page590 of the Math 111 text.

Discover Card is chaging an annualrate of 14.9% intereston outstanding
balancegasquotedon Discover Card’s billing statementi April 1994).You
have anoutstandinghalanceof $500andcalculatethatyou canafford to make
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paymentf $20 permonth.How long will it take youto settlethedebt?

Thebook, at this point, goesinto how to usegraphsto solve this problem.As
the proudownerof aTI-83, however, you cando this problemsimply by using
the TVM Solwer.

Thevaluesof all the TVM Solver variablesareindicatedin thetablebelow:

Variable| Value

N unknown
1% 14.9
PV 500

PMT -20
FV 0

PIY 12
cry 12

Note: PV is positive because¢he useof the creditcardhas,in effect, increased
theamountof money on handby $500.

Enterthesevalues,move to the top line, andpress . Theresult
isN ~ 30.11842309.THIS DOESNOT MEAN THAT IT TAKES OVER 30
YEARS.RemembeiN = nt andm= 12in thiscase.Thus,t = ..

To computethis, returnto the homescreen press (» ), select

, andpress( = J(_1 J(_2 )[enter| The answeris t &~ 2.50986859,

indicatingthatit will take aboutz% yearsto payoff thedebt.

NOTE: It is importantin the abose examplethat you not usethe credit cardin the
meantimelf the cardgetsusedthenthetransactiorwould increaséhe amountof the debt
andthusviolate oneof the propertiesof a decreasingnnuity/loan.



Appendix A

Usingthe T1-83 Plus

A.1 WhatisaTI-83 Plus?

The basicdifferencebetweenthe TI-83 andthe TI-83 Plusis one of upgradeability The
TI-83 Plusis designedvith upgradingin mind. As new applicationdor the TI-83 Plusare
designedthey will be postedo aspeciaMebsitefrom whichthey canbedownloadedand,
with the appropriatesoftwareandcable,installedon the TI-83 Plus. Onceinstalled,these
applicationscanbe accessedthy usingthe (apps) button, which the TI-83 (no Plus)doesnt

have. Becausef theadditionof this button,somethingsneededo be movedaround.

A.2 Finding the TVM Solver

Thereis no sequencen the TI-83 Plus, so it won't do you ary goodto hit
that sequenceasdescribedn section4.2. The TVM Solwer is consideredan application
(of thetype thatcanbe downloadedandinstalled),sois foundby hitting (apps) | 1:Finance.. |

[1:TUM Solver..|.

A.3 Finding the MATRX Button

The(arps) buttononthe TI-83 Plusis in the sameocationastheuarry buttononthe TI-83.
For thatreasonaccesgo the matrix namedist andeditorhadto be changedOn the TI-83
Plus, MATRX is the secondfunction of the( x* ] button, so press . All other
operationsarethe same.
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ABS(,3 exponents
absolutevalue,3 cubingavalue,4
alphafunction,iii how to enter 3
notation,jiii keystroles,4
APPSButton(TI-83 Plus),41 raisinge to apower, 4
raisingl10to power, 4
brightness1 squaringavalue,4
button
alphafunction,iii fraction
primaryfunction,iii corvertingananswetrto form, 3
secondaryunction,iii function
alphaiiii
CALCULATE menu,17-20 evaluating,16
inter_sect,19 primary, iii
maximum,19 secondaryiii
minimum, 18 functionmode,8
zero,18 functions

connectednode,9

. ) piece-wisedefined,9
puttingthe calculatorin, 11

contrast,1 graph

cubinganumber 4 TRACE, 11
raphing,8

dotmode,10 Jrapming

changingtheview, 14
deselectindskipping)afunction,11
linearinequalities 20

puttingtheTI-83 in, 10
drawing mode,20

changing20 onefunction,8-9
connected?0 piece-wisedefinedfunctions,11
dot, 20 methodi, 10

shadeabove, 20 method2, 10

shadebelow, 20 piecavise-definedunctions,9
thick lines, 20

properuseof parenthesed,2-14

enteringexponents3 two or morefunctions,9

equationsolver, 32-34 homescreen1-2

errors returningto, 2
badguess33
nosignchange33 intersect,19
examples 33-34 intersection
evaluatingafunction,16 finding, 19
usingTRACE, 17
withoutusingTRACE, 17 keystrokes
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exponents4

linearinequalities
graphing,20

MATH menu,2
Matrix
Working with ontheTI-83 Plus,41
matrix
algebra25-26
addition,25
inversion,25, 25—-26
multiplication, 25, 26
scalamultiplication, 25
subtraction25
editing,23-25
addinganew column,24
addinganew row, 24
entering seeediting
row operationsseeMATRX/MATH
menu
transposing27
MATRX/MATH menu,26
xrow(, 28
*row+(, 28
ref, 27
row+(, 28
rowswap, 27
rref, 27
maximum
finding, 19
memory
recallingavaluefrom, 3
storingin, 3
using,3
menu
CALCULATE, 17-20
intersect,19
maximum,19
minimum, 18
zero,18
MATH, 2
absolutevalue,3
convertto fraction,3
cuberoot, 3
cubinganumbey 3
MATRX/MATH, 26
*xrow(, 28
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xrow+(, 28
ref, 27
row+(, 28
rowswap, 27
rref, 27
Z0O0OM, 15-16
zbox,15
zoomin, 15
zoomfit, 16
zsquarel6
zstandard]16
menuoption,iii
example,iv
notation,iii
minimum
finding, 18
mode
drawing, 20
changing20
connected9, 20
dot, 10, 20
shadeabore, 20
shadebelow, 20
thick lines, 20
function, 8

notation
describingawindow, 14
alphafunction, iii
keystroles,iii
menuoption,iii
primaryfunction,iii
secondaryunction, iii

parentheses

properuseof, 5

properuseof whengraphing,12—-14
piece-wisalefinedfunctions,9
Pl VOT program

example,30
Pl VOT program,29-31

dividing, 30

example,31

pivoting, 30

quitting, 30

running,29
primaryfunction,iii

notation,ii
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secondaryunction,iii
notation,iii
shadingcorvention,20
solver
equation seeequationsolver
TVM, seeTVM solver
squaringanumber 4
storingavalue,3

TI-83 Plus,41
AppsButton,41
Findingthe MATRX Buttonon, 41
Findingthe TVM Solveron, 41
TRACE, 11
evaluatingafunctionwith, 17
TRACEingagraph,11
transposing matrix, 27
TVM Solver
FindingonTI-83 Plus,41
TVM solwver, 35-40
examples
compoundnterest,36—38
decreasin@nnuities 39-40
increasingannuities 38—39
variables
comparedo booknotation,36
definitions,35

usingparenthese$
usingparenthesewhengraphing,12—-14

window

changing,14

notationfor describing,14
WINDOW screenl4

zbox, 15
Zero
finding, 18
zoomin, 15
ZOOM menu,15-16
zbox,15
zoomin, 15
zoomfit,16
zsquarel6
zstandardl6
zoomfit, 16
zsquarel6
zstandardl6



	Preface
	Introduction to the TI-83
	The Basics
	Using the Calculator's Memory
	Exponents
	Using Parentheses

	Graphing
	The Basics
	Parentheses and Graphing
	Adjusting the Field of View
	Advanced Graphing Techniques

	Matrices
	Entering and/or Editing a Matrix
	Matrix Algebra
	Performing Transpositions and Row Operations
	Using the PIVOT Program

	Built-in Solvers
	The Equation Solver
	The TVM Solver

	Using the TI-83 Plus
	What is a TI-83 Plus?
	Finding the TVM Solver
	Finding the MATRX Button


