Introduction to Using the TI-89 Calculator

Note: If this is the first time that you have used the TI-89 computer algebra system (CAS)
calculator then you should first work through the Introduction to Using the TI-89. Some of
the information found there in terms of key presses, menus, etc. will be assumed in what
follows. While much of the information provided here describes how to carry out many
mathematical procedures on the TI-89, using technology is not simply about finding
answers, and we would encourage you NOT to see this calculator as primarily a quick way
to get answers. Research by the authors, and others, shows that those who do this tend to
come to rely on the calculator to the detriment of their mathematical understanding. Instead
learn to see the TI-89 as a problem-solving, and investigative tool that will help you to
understand concepts by providing different ways of looking at problems, thus helping you
reflect on the underlying mathematics.

1. Saying 'Hello' to your graphics calculator

Instructions TI-89

You will use the following keys.
a) Press|ON

The calculator cursor should be in the Home
Screen (see the black cursor flashing in the

bottom left hand corner). 0)?(;0

. D
Press ON S =

The calculator should turn off. G]G0 6]6)
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* Ifyou can’t see the screen use [ ¢ ]
(darker) or (] (-] (lighter) to change screen
contrast.

* [HOME] displays the Home Screen, where

you perform most calculations.

Basic Facilities of the TI-89

Function Keys Cursor Pad
[F1] through [F8] function keys let you select | The cursor is controlled by the large blue
toolbar menus. circle on the top right hand side of the

calculator. This allows access to any part of
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an expression.




B Application Short Keys N Calculator Keypad B

Used with the [¢] key to let you select | Performs a ..@..
commonly used applications: variety of @
[Y=] [WINDOW] [GRAPH] [TblSet] | mathematical and %%%%

[TABLE] SClentlﬁC @ @ N VARUNKO
Fé Y= F7 WINDOW F8 GRAPH ThiSet TABLE OperaﬁOl’lS. = e
(Cr)(Cr) (s ) () (Cs) @@. ._|

[¢][*] and j modify the action of other Kkeys:

Modifier Description
2nd Accesses the second function of the next key you
(Second) press
Activates “shortcut” keys that selects
(Diamond) applications and certain menu items directly
from the keyboard.
Types an uppercase character for the next letter
(Shift) key you press.
j Used to type alphabetic letters, including a space

character. On the keyboard, these are printed in
the same colour as the j key.
j used to type alphabetic letters.

Key Description
APPS Displays a menu that lists all the applications available

on the TI-89.
. i h’m Cancels any menu or dialogue box.
Ny ENTER Evaluates an expression, executes an instruction, selects
. % b a menu item, etc.

custom MODE Displays a list of the TI-89’s current mode settings

b
.. @ which determine how numbers and graphs are

interpreted, calculated, and displayed.
CLEAR Clears (erases) the entry line.

[CATALOG] | Press b or ¢ to move the d indicator to the function or
instruction. (You can move quickly down the list by
typing the first letter of the item you need.)

Press [ENTER]. Your selection is pasted on the home
screen.
Application Lets you:
[Home] Enter expressions and instructions, and performs calculations
[Y=] Define, edit, and select functions or equations for graphing
[Window] Set window dimensions for viewing a graph
[Graph] Display graph
[Table] Display a table of variable values that correspond to an entered

function




Press: To display

F1, F2, etc. A toolbar menu— Drops down from the toolbar at the top of most
application screens. Lets you select operations useful for that
application

2nd| [CHAR] CHAR menu— Lets you select from categories of special characters

(Greek, math, etc.)

[MATH] MATH menu— Lets you select from categories of mathematical
operations

Press To perform

[F6] Clean Up to start a new problem:

Clear a—z Clears (deletes) all single-character variable
names in the current folder.

If any of the variables have already been
assigned a value, your calculation may produce
misleading results.

Problem? Try this!

If you make a typing error If you make a typing error use to undo one
character at a time

If necessary, also press M to clear the complete
line.

If you want to clear the home screen completely | Press F1 n

Mode Settings
Instructions Screen Shot
Press [MODE], which shows the modes and their HODE

. F1 Fz Fx
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If you press F2 then ‘Split Screen’ specifies how
the parts are arranged: FULL (no split screen), ade alrdge pade o
TOP-BOTTOM, or LEFT-RIGHT * grlngersen

Enker=ZANE EZC=CAMCEL
STATVARS I EAD AUTO FI]_HII

(a) Entering a Negative Number

Instructions Examples
Use | for subtraction and use Y for negation. To enter the number —7, press {-)] 7.
To enter a negative number, press Y. followed by | 9 7=-63,
the number. 9 [x][=] 7 = displays an error message

To calculate —3 — 4, press ()] 3 (-] 4 |ENTER




(b) Implied Multiplication

If you enter: The TI-89 interprets it as:
2a 2*a
Xy Single variable named xy; TI-89 does not read as
x*y

(¢)  Substitution

Instructions Examples

Using [ | Jkey eg) X242 1 x=3
-7
This calculates the value of —x* + 2 when x = 3
Using ‘STORE’ key: eg) Find A2) if f(x)=-x"+2
[0 x"3+2 f) 42— f)
f2) -6

(d) Rational Function Entry

Instructions Example

f(x) (f(x)_ . x+1
I~ _ >~ = (numerator) [+] (denominator ) — _
gx)  (g(x) o @D [ @2x-1)
(e)  Operators
addition: + subtraction : — multiplication: x division: +  Exponent: "

(f)  Elementary Functions

Exponential: e”(x) Trigonometric:

natural logarithm: In(x) sin(x), cos(x), tan(x), sin” (x), cos™ (x), tan'(x)

square root: vV

absolute value: abs(x) If you want sec(x) then put 1/cos(x) , cosec(x) is
1/sin(x).

Note: The trigonometric functions in TI-89
angles are available in both degrees and radians.
If you want degrees (180°) or radians (st) change
using the [MODE] key previously discussed.




(g) Constants

To find: Work

[ - imaginary number with key
m: Pi with key
o : infinity with [¢] key

(h)  Recalling the last answer

Instructions e Example
2nd] [ANS] ans(1) Contains the last answer
ans(2) Contains the next-to-last answer

(i) Cutting, Copying and Pasting

~ Press: - To: B
Qor © highlight the expression.
(¢]5,(¢]6and [¢]7 cut, copy and paste.
[ENTRY] replace the contents of the entry line with any
previous entry.

(j) When differentiating with respect to x

To find: Type:

Limit 1121 f(x): lim( f(x),x,a)
Indefinite Integral f f(x)dx f (f(©) ,x,¢c)
Definite integral f: Flx)dx: f (f(x), x, a, b)

Area between f{x) and g(x) on the interval [a, b]: f b|f (x) - g(x)| dx

Differentiation % f(x): d(f(x) , x)




2.

[Y= ] and [Table]
(a) The [Y= | menu

Instructions
Press (¢] [Y= ] to see the following:

Screen Shot

1 Few | Fx [ F4 [FE¥]|_F&T o
vﬂ Zoom|Edit) < A1 |Stgle|#e s ...

If there are any functions to the right of any of these eight equal signs, place the cursor on

them (using the arrow keys) and press | CLEAR

Place the cursor just to the right of y1= and follow the sequence below.

Press See Explanation
2x ' 3 yl(x)=2x+3 You have entered
yl=2x+3
[HOME] This returns you to a blank
Home Screen.
y1(x) [ yl(x) This pastes y1 on the Home
2x +3 Screen.
y14) [] y1(4) This finds the value of y1
11 when x = 4.







(b) Table

Instructions Screen Sho
Press E] [TABLE] to see the table Of vIE SE'FEL,IP Dl el P I?‘!'E: e
values for 2x + 3, as shown below: h
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3. Graphing

(a) Displaying Window Variable in the Window Editor

Instructions

Screen Shot

Press [¢] [WINDOW] or [APPS] 3 to display | |Fi L] |
the Window Editor. HMin= - 10,

wmax=10,

wscl=1,

dmin= -1,

dmax=10.

gscl=1.

Hires=2

AN FAD AUTO FI]_HE

\umax
/xmin %3t
— AN
ysel
ymin \ -
Variables Description
xmin, xmax, ymin, ymax | Boundaries of the viewing window.
xscl, yscl These x and y scales set the distance between tick marks on the
x and y axes (see above right)..
xres Sets pixel resolution (1 through 10) for function graphs. The
default is 2.

(b) Overview of the Math Menu

Press F5 from the Graph screen

Fir Fz F4 FEr Fr
Tools Trac|RsIrarhghi Fin

1§Ualue

tIntersection
errivgtives »
fima
nflection

=0
)
2.1

A -Tanocent

FMAIN MT FIJ_HII
Math Tool Description
Value Evaluates a selected y(x) function at a specified x value
Zero, Minimum, Finds a zero (x-intercept), minimum, or maximum point within an
Maximum interval.
Intersection Finds the intersection of two functions.
Derivatives Finds the derivative (slope) at a point.
f f(x)dx Finds the approximate numerical integral over an interval.

Nrawe a tanaant lina at a nnint and dienlavce ite aanatinn




(b) Finding the Maximum & Minimum Values of a Function from its Graph

Instructions ~ Screen Shot
1. Dlsplay the Y=Editor. JE zaom[Edit] " [A11 St:jvle s L

HMAIK EalAUTO FLUMC

2. Enter the function || T fc e [ReBr-aph At h|Dr o]«

aFLOTE

3. Enter graph mode ((¢] F3). Open the o T Y 1 [
AFLOTE 1ilalue

Math Menu F5, and select 4: DT ST igera
Maximum. Eg: tIntersectlon
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4. Set the lower bound. P T N S o

AFLOTE 1

4=
uz=
ug= K

g9= Lower Bound?
Sioe Hoil,
Uc i,

5. Set the upper bound. P ztan[Tr s e [Redr aph[iathloran] ¢

wPLOTS 3 1

g3= Upper Bound?
Sioo Hod
ycill. 86263

6. Find the maximum point on the graph | [F£Ez5am[trace|redraph|nsthorzul- ¢
AFLOTE
between the lower and upper bounds. 1= 7w 46
e
ad=
ug=
E=
= 5
g fer s
yc!l3. 1285
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7. Transfer the result to the Home screen,
and then display the Home screen.
[Home]




(c) Overview of the Zoom Menu

~ Instructions  ScreenShot ===
Press F2 from y=Editor, window Editor, or Fix F5 " FH
Graph screen

iZoomTrig
J-ZoomInt

HMAIN MT FIJ_HII
Zoom tool Description
1:ZoomBox Lets you draw a box and zoom in on that box.
2:Zoomln 3:ZoomOut | Lets you select a point and zoom in or out by an amount defined by
SetFactors.
4:ZoomDec Sets Ax and Ay to 0.1, and centres the origin.
6:ZoomStd Sets Window variables to their default values.
xmin=—10, xmax= 10, xscl=1, ymin=—10, ymax= 10, yscl= 1, xres= 2

Note: To get out of the graphing mode use 2 K.

This will not work while the BUSY icon is flashing in the bottom right hand corner.
Adjust your graph by selecting F2 and choosing 2:ZoomlIn, 3:ZoomQut, or
A:ZoomFit

Example: Graph y= x" by following these instructions.

Instructions Screen Shot

(o] [Y=]x ~ 2 [ENTER)

MAIN FAD AUTO FUHC

[¢][GRAPH]

MAIM FRD AUT FLUHC
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To draw a new graph go to [y=] and change the formula in the y1 position using the cursor to
move up to it to delete it. This effectively clears the previous graph as well. Alternatively, using
y2 will add the new graph to y = x°.

[HOME] returns you to the Home screen.



4. The Algebra Menu

m-.:EtTr-: it ok e arin]c1dan ue
Menu Item Description F2 MENU lzeras
& comDenamt
FipropFract
fapprox SipSolued
foomDernom ETrig
TipropFract
SdnSoluel
FAD AUTO FIJ-NIZ FAIN FAD AUTO FIJ-NIZ

1: solve Solves an expression for a specified variable. This returns solutions only,

regardless of the Complex Format mode setting (For complex solutions, select

A:Complex from the algebra menu).
2: factor Factorises an expression with respect to all its variables or with respect to only a

specified variable.
3: expand Expands an expression with respect to all its variables or with respect to only a

specified variable.
4: zeros Determines the values of a specified variable that make an expression equal to

Zero.
5: approx Evaluates an expression using floating-point arithmetic, where possible.
6: comDenom Calculates a common denominator for all terms in an expression and transforms

the expression into a reduced ratio of a numerator and denominator.
7: propFrac Returns an expression as a proper fraction expression.




Using the TI-89 in Mathematics

Topic 0 Preliminaries
0.2 Inequalities and the absolute value

B Instructions N Screen Shot B

Inequalities
We can directly solve these, for example
3x-2=27x+10

F2 3x[J2[e][>] 7x(H 10[Jx[]

Fi~] Fer JF3-] Fir | FE Fir
Tools|AT3cbyajCalc|Okher |FrArl0jClcan U

Beapluell-x— 227 =+ 10, x)
® 2 -3

soluelIx—227=+10, %)

MAIN KEAD AUTO FLUMC 1/30

We can also transform an inequality into the
form x > or x < by performing the same
operation on both sides.

For example we can solve the inequality
3x-2=27x+10

by adding —7x to both sides of the equation,
then adding 2

[ANS] (-] 7x

[ANS] [+] 2

Fi~] Fer JF3-] Fir | FE Fir
Tools|AT3cbyajCalc|Okher |FrArl0jClcan U

B =gy w1l
Jw—2EV-x+10
B3 xw—-Z2E7 - x+1001-7F-x
e -2210
W4 -2E10)+2
4w =12

KEAD AUTO FUMC /30

and dividing by —4 gives the answer.

[Ans] (=] () 4
Note that the CAS reverses the inequality when
dividing by the —ve quantity.

[Firl Fer F3v| F'1v| F& Fir | '|
Tools|A13chbr a|Calefither|FrAmib{Clsan Ur
NI H-ZEF T IO-T X

4w —-2E 10
W -4-x-2E10)+2

The absolute value function is found in the
[MATH] menu (press 5), select 1: Number,
select 2: abs( (or Press D and [ENTER]) and press
[ENTER).

(This function also gives the modulus of a
complex number.). To switch from exact to
approximate mode we press [ ¢ J[ENTER]

412
&R
HIH - EAD AUTO FUMC [ ]
Fi- Fer Fi~| Fu~ FE Fa~
iT-:--:-1siﬁ13-zI:-r-J Eu1ciﬂthtr’iPrﬂmlﬂIﬂtun U] ]
" -3, 56 8925
" -3, 56 I.56
"la+ 5 [aZ+25
absCatsid
AN RAD EXACT FUMC

Inequalities with absolute values can be solved
when they are broken down into single
inequalities,

Fir[ Fix [Fir| Fav ] FE T~
[Tm:ﬂs[ﬁﬂ-zt-ru Calc|other PrﬂmlﬂIElt-:ln upI ]

Bepluyel "S54 x+ 2, %) ®r T
Bopluelx+ 240, w4 S

solueix+ada, K2
MAIN EAD EXACT FUNC




or sometimes by squaring both sides of the [hidiniiea -:?17:iufrl.'-z'rirrFﬂ!r'muI-:1eruEn'upI |
inequality (note the unusual notation for this).

F2 1: Solve( ( 5 1: Number 2: abs( x-5)<

2
(2nd) 5 1: Number 2: abs( x+3))"2, x) . 5‘:‘1”9[['” -5l <=+ 3], }‘]
®orl
solueiiabs (x-S0 absCx+300.
TMAIN FROERACT  FUMC  d/en |

Note: The use of the [¢] key to switch between exact and approximate modes (the
TI-89 tries to use fractions in exact mode).

0.3 Domain, range and graph of a function

Instructions Screen Shot
We can use the [Y= ] menu obtained by
pressing [(¢] [Y= 1] to draw graphs. Place | “f:i72

Jl=x-cos(x)

the cursor just to the right of y1=and y2Z=g1( )
enter the function required. Note that we i i 2
can use previously defined functions in 1+ I:If{ P 4)% 1
—d=d . + 3
later ones. e TR e T U
To enter a split domain function we use T Ts 13 b |t ate |Dbhar |Fr dmin -:1-zFuEn'upI ]

the when () function and nest them if
there are more than two parts to the

piecewise function. This has been done _ { }1{’ 21{52 LA
by defining a function g and using yl=g. | "Pefire 90 =] 05 aree
Dare

Pefine glxi=swhentxid, when..

We can use g a number of times this way. | [thiielienra|faieoiner|resmin|cidan e

l.x<0

x4 4
R |

Done
LRextd when i, 1, wa, x—32
FAIN RMEHMT mnc 1730
Note that these graphs look better when |T-:--:-15i2§§m Tr'ugct R-aGr-:wh H-:lth Dig:u ngn s‘-
plotted in the dot style. This found on the

[Y= ] screen under F6 Style, 2: Dot.

We can test the value of the function g at |T§Hsim§-z2§ru -:Fuﬁfziu{rl.'-;rirrrs'rr'mu -:1-zr-:En'u;~I ]

the points x=0, and x=4 on the [HOME]

screen, as shown. { :1:,21{52’}‘ ca
" gl H—3.elze
LR=140)]

=gl 1




Or we could use a table of values. b e i ]
X 1
-1, .
.0 .
0.
] ]
1 1
glixi=0.
HAN FATEEACT  FURE

Note: Use [¢][TbISet] to zoom in on the table values.

0.4 Trigonometric functions

Instructions

f(x)=x’sin’(x) (entered as sin(x)"2) are

shown on the TI-89. We can verify that
one is an odd function and the other even,
by checking f(a) against f(—a) on the
[HOME] screen.

The graphs of the functions f{x)=xcos(x) a]

It’s an odd function.

a-cosla)
-a-coslal

Graph of the function
f(x)=x’sin*(x)

L

It’s an even function.

| Fi- | Fa- F3ri Fi- | FE F&=
Tools|AT13cbra|Calc]Other|Frami0|Clean IJPI ]

mylia) az-[EinEa)]E

" yl(-a) 22 (zimcan?

ali-ay

I RRDERACT  FOMC  &ren |

0.5 Translations and compositions of functions

B Instructions
We can check the effect of a
transformation by looking at multiple
graphs of a function, using the | command
to set values of a variable (which can be

read as ‘when’).
Entar EA 1- Nafina 1 F-A=[0ndl £ 1.

Screen Shot
T Fz= [Fie| Fi= |

B lefine f=)=|xl Done

"Graph Sfix+ k| k=4-2 »
Dane




Number 2: abs(x)

Fi-| Few [Fi<] Fu=| FE | Fé=
[T-:--:ﬂs[ﬁﬂtbru Eu1ciuthtriPrﬂmlﬂIl:1tun upI ]

B efine f{x)=|x=| Dote

k)| k=£{-2 -1 8 1 23
Date

wobf Gtk k=2, -1, 8,1, 2%

The graph function is at F4 Other 2:
Graph

Composite functions can be obtained

| Fi- | Fa- F3ri Fi- | FE F&=
Tools|AT13cbra|Calc]Other|Frami0|Clean IJPI ]

from previously defined functions using | ® fix) [l
the notation f{g(x)). " Define hix)=x+=in(x) o

aneg

n h(F() zinf ) + |+

B fihix) [singx=) + x|

T 773774 T

0.6 One-to-one and inverse functions

Instructions
Graphs of functions which are inverses,
such as exp and /n will not look like
reflections in y=x on the TI-89 unless the
same scale can be used on each axis.

This can be done using F2 Zoom 5: Zoom
Sqr (as shown in these graphs).

MAIN FAD AUT

Note there is also a function in graph
mode F6 Draw 3; Drawlnv to draw an
inverse function’s graph

Fl-| Fe=| FX FYy FE-| Fa= |FP=#i
Toals|2aam|Tracg|RsGrarh|Mathjor aw|Fen|:2

o

FAD AT FIHE




The inverse trig functions are provided
on the TI-89 and their domains are
known by the calculator.

sin”' is at[*] Y.

Fl=| Fa=| FZ FYy FE-| Fa= |F7=%i
[Tmﬂs[:-mm Tr'u-:tiﬁeﬁruphihuth]nruwIPen i |

cos 'isat[¢]Z.

k3 F4
ce|ReGErarh

tan ' is at [¢] T.

170

Other inverse functions can be found (if
they exist) by solving for x y=the function
and replacing y by x. Note that a limited
domain where the function is 1-1 can be
entered.

Here we enter:

F2 1: Solve( y=2nd] (x] x+1), x) | x>-1

Graphing the function and its inverse and
using ZoomSqr gives support for the
answer.

| Fi- | Fa- F3ri Fi- | FE F&=
Tools|AT13cbra|Calc]Other|Frami0|Clean IJPI ]

mzoluelu=[x+ 1,:{:I|x} -1

:-c:='=|2—1 and gz
soluvely=dixtld, wilxs-1]

N

HMAIM EAD EXACT FUNLC

Note that the inverse of ¢" is given in
terms of natural logarithms, instead of
log,x.

| Fi- | Fe- |F=]| Fi= | FE F&=
Tools|AT13cbra|Calc]Other|Frami0|Clean IJPI ]

:

u 5-:|1ue|:'=| =a”, K:'

_ lngud
W= Tnial and g >0
soluvely=a™x, xi]
HAIN EADERACT  FURC  d/z0 |

Note: We can not use f{x)"—1 for inverse functions. This gives the reciprocal of the

function.



Topic 1 Limits

1.1 Limits of a function

Instructions
Use F3 3: Limit( to find limits. The order
is Limit(function, variable, value
approached).

Screen Shot
i TFz=] F4= [

B lim g} 2
H*2
" lim aCx) undef
x¥d
We can also find one-sided limits by |Tzﬁsiﬁ1§-zzﬁru .:F,,ﬁ;iuf,',‘;,,ip,,‘;ﬁ,m -:1-zru5n'upi |
writing 1 or —1 before closing the bracket | ® 1 -::: alx) undef
for right and left limits respectively (NB | _ Kl im atsd 4
do NOT enter +1, only 1). If the limit wado
does not exist we are given the answer " lim gixd 1
. . . W 4 +
qndpf(med). Checking the rlght gnd left AT
limits may help us see why this is so. HIAIN RADERACT UM 9720
Checklng a table Of ValueS can aISO be TE%;E].EEEEHP].E:.;: ]'\-‘-_..t-'].,,"'&.\,,]:,._.‘[ ]
useful. x yl
5.8 5.8
3.9 5.9
b [ ] [ ]
4.1 .l
. 2
w=d, 2
While not proving them, we can verify |Tmsiﬁ1§f§ru -:Fu?ifziufrl.'-;ripr?r'mu ot |
limit laws for some examples. You " lim l :Ex” .EE7451
should check them with some functions xl'},z -
of your own. Note the use of the ol o
. [ [
calculator’s approximate mode here. lim ki) -BE7451
Wi
limitogiwd, s, darlimit Chix.,
HAIN R EARCT  FUNC ]

Example limsin—
x—0 x
Some limits do not exist. We can build an

understanding of some reasons for this.

Example 1.1
B Instructions N Screen Shot B
1

1 Fir A FE [
vﬂ AlgebralCalc|Other [Prami0|Clean Up

m D=fine F‘(x)=sin[%] Doty

m lim fx) urided]
Bl

LimitCFCx), %, 0)

MAIN RO AUTD FUMC 2/ 30

We can plot the graph and zoom in on
x=0.

1 Fev | F¥ FY FEv | FE¥ [F7 i
- E Zoom|Trace |ReGraphMath O aw|= f i
o




Or from the table we can see that no
matter how much we zoom in on x = 0
values do not tend towards the same
number (left and right limits do not exist).

% Tul
-, 1 Sz
_sin(w)
.1 - odd
2 9589
-3 1908
.4 L
.3 EEN
.6 99541
=0
AN FAD_AUTT FUNAL
1 Fe |70
- E Setup |l
= ul |
Sz
-.05 |- 912y

. sin(mll
e 91295
-1 - odd
.15 Srdls
2 - 9589

29 c. ?568=|
w=".1
AN RAD AUTD FUNE
1 Fi 7 iy

- E Setup el il

¥ ul ]

-.03 [-.9405

SL02 | 262ET

- 01 [, 50637

Siniid

.01 -. 5064

02 S 2624

03 + 94053

.04 - 1324
=00
AN HAD AUTD FUNE

Example 1.2
B Instructions N Screen Shot B

sin x

Example: Find lim
X

This is an important limit, but one that

cannot be found by putting x = 0, since

the function is undefined for x = 0. Enter

F3[3] fiv) =8I x D] = x L] x ] O O]

1 Fir A FE [
vﬂ AlgebralCalc|Other [Prami0|Clean Up
mOefine fix) =%(X) DOy
=20 =AY
LR AR ] AR
m £ 05) 399587
m {010 399987
m {001 1.

FUMC B/20

£(0.001>
i FRL FITD

If we change the value of x, taking steps
closer to 0 then the value of f{x) gets
closer to 1.

F3@ /i) =B x F3[3 fiv) [ x [
DExLx) [0 @ 0 ENTER]
()] [ENTER

1 Fir A FE [
vﬂ AlgebralCalc|Other [Prami0|Clean Up
E3

=20 993347
RSP 398734
R T 999587
= f.01) 2399987
m £ 010 1.
m 1im ) 1]
Bl
LimitCFCx), %, 0)
AN FAD AUTD TN 7730

Looking at the graph can help with what
the limit might be.

1 Fev | F¥ FY FEv | FE¥ [F7 i
- E Zoom|Trace |ReGraphMath O aw|= f i
El 1

i, A1
HAIN HAD AUTD FUNE




We can use a table...

We find that:
sin x
lim =1
x—0 x

1 Fi 7
- E Setup |l
3 ul ]
undef
W2 99335
.4 . 97355
B 94107
E] L8967
. 24147
W2 i
. « TU3ES
=0
AN RAD AUTD FUNE
1 Fi 7
- E Setup |l i
B ul
undef
.1 EEERN
2 . 99335
s « B30T
.4 . 97355
0 RS
B 94107
W7 . 9283;]
=0
AN RAD AUTD FUNE
1 Fi 7
- E Setup |l i
B ul
undef
.01 . 99998
.02 . 99993
03 EEEES
.04 . 99973
09 . 99958
L 06 L9934
L7 . 339185]
x=0.
AN RAD AUTD FUNE
1 Fi 7 P
- E Setup |l
B ul
ndef
L 001 .
.02
L 003
. 004
. 005 .
LO06  [.99999
L0007 [.99999
=0
AN FRD FUTD FURC

1.3 Continuity

Instructions
The function g used in 0.3 is
discontinuous at x=0 and x=4. The limits
at x=4 were calculated in Example 1.1.

l.x<@
l‘;Fine alx) = x%jgfgf;e
Done

x4 4

LRextd when i, 1, wa, x—32

~| Fer - | Far

Fo=#ii

Fi Fz F4 FE
Toals|2aam|Tracg|RsGrarh|Mathjor aw|Fen|:2
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To be continuous at x=4 we would need [hidiniiea -:?17:iufrI:EriPrFﬂ!r'muIcnruEn'upI |
the right limit to equal the left. . li‘r: al) undef
RS
B lim g} 4
EEE N
B lim gix) 1
e
limitigoxd,x. 4,12
HAIN RED ESACT  FUMC 9720

1.3.2 The intermediate value theorem

B Instructions
This is very useful for showing that there
is a root of f{x)=0 between two domain

values. If f{a)<0 and f{b)>0 (or vice versa)

then there is a zero of / between a and b.

Using the table of values in a graph we can|

then zoom in on the root.

For the function below we see from the
table that f(4)<0 and f{5)>0, so we zoom
in to find the root, using the Intermediate
Value Theorem.

This table shows it is between 4.6 and 4.8.

This table shows it is between 4.65 and
4.7. This can be continued to the required
accuracy.

We could of course get the TI-89 to find
the root directly from the [Graph] or
[Home] screens, but we need to
understand that this theorem is one basis
for finding it. For the graph use F5 Math,
2: Zero, enter the lower and upper bounds
(4 and 5 from the theorem) and we get
4.69315 for the root of f{x)=0 or the zero

of f.

Zekn
woid, 69315
TAIN RAD ERACT

Joit, rooe-ld
FUNC




In the [Home] screen we use F2 1: Solve
(‘and enter f{x)=0, x). We need
approximate mode (holding down [¢]
when pressing ([ENTER]) to get the decimal
answer.

Fi-| Few [Fi<] Fu=| FE | Fé=
[T-:--:ﬂs[ﬁﬂtbru Eu1ciuthtriPrﬂmlﬂIl:1tun upI ]

maplyelfixl=0, x)

®=1nl2) + 4
mzoluyelfixl =0, ¥

% =4.69315

soluedfoxi=0, =]
TMAIN RAD EXACT

FUMC L

1.4 Limits involving infinity

Instructions
Limits involving infinity are entered as
before but using [~] key ((#][CATALOG])as
if it is the value approached.

1-2-%
lllm[ ] 253
e I-x+3
. 1-2-%
u llm[ ] 253
% J-x+a

limit €01 -2 ) 0 3x+00, x, ]
FIRIN EADERACT  FUMC  gren |

1.4.3 Asymptotes

Instructions
Use the limits to find the horizontal
asymptotes. For sloping asymptotes we
can use the TI-89 to divide the numerator
of a function by its denominator, using
F2, 3: Expand (the function F2, 7:
propFrac( will give the same result here).
The asymptote here is y=—x/3 + 10/9
since as x—>o0 the remainder of the
expansion approaches 0.

hr — g 2
r exand] 32227

S R
S (3 x+1] 3

Z +1@-9

expandl CIx—w 2 a (3t a0
HAIN RAD ERACT  FUMC

1/z0

The answer can be checked by drawing
both graphs.

Fi=| Fer| Fx F4 FE~| Fa- |Fi=#i:
|’T¢-:-1=].E-:n¢-rn Tr'u-:tiﬁeﬁruphihuth]nruwIPen i
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2.1 Tangents and rate of change

~ Instructions  ScreenShot =
. . p) - - * -
Consider the function y=x". We can © |1 gebralcai|other Frantafc1ean Ue
define a rate of change function 7 to be e Define fix)=x2 tored
the gradient of a chord of length 4. That i Define ro = T2t FOD Do
. f(x +h) - f(x) . mDefine x=2 Diore
is: r(h) == (NB therc is a nre. 1) 4.1
L ZhY] 4,01
built-in numeric derivative function at F3 | fri.gou 4. 801
) ) R(O.001>
A: nDeriv which could be used but looks | lux TA T TEIER

rather different). We can then use this
function r at a point, for example, x = 2.
Whenever we change /4 taking steps of 4
closer to 0 then the value of r is getting
closer to 4.

Fir Fir

We can confirm this by asking for the © £ 1 geora|ca 1 other [PrantocLean Up

limit of » as & approaches 0.

Note: f'(x)=limr(h) = lim

h—0 h—0

J2+h)-f2)
h

for+h) - f() +h2 — ) (where the limits exist). Thus here the rate of

change at x =2: lim

h—0

= f'(2) =4.

2.2 The derivative as a function

Instructions Screen Shot
To differentiate on the TI-89 we use the A S o
F3 Calc, 1: d( differentiate command,
which is also found at (8]. The format
is d(function, variable to differentiate
with respect to).

s (5xF-7uZ 4 g)

9 %% - 14
T3 BT HE 3

frivT Fis Trzrf ruvT FE T Fhi= T 1
In the second example we can use the Tools|A13ebr a|Calc|Other|Pr Srai0|Clean Ue

function Trig collect, found in F2, 9:
Trig, 2: tCollect to simplify the answer. . %[[5in(}:)]2 - cna(x)]
Use for ANS, the previous answer. Zo2inix) COS(x) + Sin0x)

BtCollecti? sinCx)-cos(x) +p
Sinld-x=i+ sinlx
tCollectansClal




Example 2.1

Instructions N Screen Shot B

Find out whether the

. x2 for x< 2 .
function f(x) = 18
6-x forx=z=2

differentiable at x=2.

Define the piecewise functions by using
the following instructions.

F4 1] f{x) = when [(Jx (2nd) [<] 2 ] x [1]
20J60x

Then we graph the function /. We can
define a function Df as its derivative

d( ]; )(Cx)) (use F6 2: Dot in [Y=] to plot

the derivative). Note that this may not be
defined on the whole domain.

We can see the discontinuity in the
derived function’s graph, but must check
the limits on the [HOME] screen.

MAIM RAD EXACT FUMC

Right limit is: F3 (3] df(x) L) x ]2 (] 1
Left limit is: F3 (3] dftx) () x ] 2 ) [

Fir[ Fix [Fir| Fav ] FE T~
[Tm:ﬂs[ﬁﬂ-zt-ru Calc|other PrﬂmlﬂIElt-:ln upI ]

Since the limits are not the same the
function is not differentiable at x=2 and

" lim df (=) -1
w¥2Y

B lim df(x) 4
HE2T

limitedfixd, x, 2, =13

Fi-| Fe= [FZe] Fi=] FE Fo~

Tools|AT13cbra|Calc]Other|Frami0|Clean Ur

. B lim df() -1
df(2) is undefined. et
B lim df(x) 4
e
N df 2 undef
df 2
HAIN FRRERACT  TUNE ]

Example 2.2

Instructions
Example. Find the derivative of f{x) = x"
Define the function f{x) = x". When we
define the value of power, n =1, 2, 3, 4,
10 the functions are changed to the actual

. 2 .3 4 10
functions, x, x°, x”, X", x .

Screen Shot
Fi-| Fex [FZ=| Fu=| FE Fa-
T-:u:-1:|ﬁ1$-zl:-r'-:| Eu1-:||]thtr|h'3mll]|l:1-z-:m Up

" Oefine fix)=x" Done

B0efine n=<1 2 3 4 1p
Done

LR A

e 2 3 4
e
|an

® ® ® xla}

FAD AUTO FLUMC 3N
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If we define the slope function r as the
average rate of change,

Fir] Fer JFi~] Fir] FE Fir
Tools|A13ckralCalc|Other|Fr3ml0jCT¢an Ur

o o » i Elaait]
" Oefine rix, h =Lhﬁ'{r
Oarne

B, )
1 Zow+h T x+3h-ub

FAD AUTO FLUMC Y Ul

B, b

4+hZ dxS 6 -hxZe g p
B lim e, k)

h+@

1 4
defid,wd

then we can see that the derivative of the
functions are 1, 2x, 3x2, 4x3, 10x°.

Using the rate of function , we can
get that the general derivative of x" is

n-1
nx

MAIN FAD AUTO FLUMC 1/ 8
Fi-| Fex [FZ=| Fu=| FE Fa-
T-:u:-1:|ﬁ1$-zl:-r'-:| Eu1-:||]thtr|h'3mll]|l:1-z-:m Up
=T ITT I A5 T1]
AR dE!
1 2Zox I-x% 4-x® 1ok
e
i)
2% Foxc 4-x0 10k
RHD AUTO FLUMC Filfua L

1 Fir A FE [
vﬂ AlgebralCalc|Other [Prami0|Clean Up

mDefine flx)=x" Dok

m Define rih) =w DOy

m cxpandlr(h)) "

m lim rCh) hex
h+10

limit{r<h), h, 03

MAIN RO AUTD FUMC b/ 30

el =x"
h—0

d
Thus = = f'(x) = lim
dx

1 Fir A FE [
vﬂ AlgebralCalc|Other [Prami0Clean Up

Oetine rikh) =T IGLT

et h)” oD

m axpandirh) TR

" linrih) nexft =1
h=+0

l%{f‘(x)) LR

|M|‘|IN EAD AUTD

FUMC E/30

2.2.1 Second and higher derivatives

Instructions
These can be accomplished by using
repeated applications of the CAS function
d. Here functions y4(x) and y40(x) from
the [Y=] list have been used. Note the
inclusion of the variable each time and
the option of finding the value of a
derivative at a specific value of x.

Screen Shot
TFz=] F4= [ T

CRTETeey 43-[x2 +3)

n | i[_’ 4 :,:] 2.
dx| dre #

Ardigdind, Wl wd

FAIN RRD ERACT  FUOMC TR




Fi-| Fe= [Fz=] Fu=] FE F&~
[T-:--:ﬂs[ﬁﬂ-zbru Cale|Other Pr:‘mlﬂIElt-:ln upI ]

i d
- -:i!x[ d}:tuquﬂ]

-1 _ E
JES - KE [25 - KE

A igGEC s wd, W
fri—T Fe- Trz-f ru—T FE T F&~ 1
Toals|A13¢bra|Calc|other|FramiD|Clzan Up

JES—KE [ES_KE]:‘IE

. %[%[%macx:ﬂ]] | =3

o &80
1o24
Eod i fgdbitsedmd, il Wl | w=3

Alternatively we can specify the nth |Tmsiﬁ1§f§ru -:Fu?ifziufrl.'-;ripr?r'mu -:1-zFuEn'upi |

derivative with F3 1: d( differentiate 3
function, x, n) . '; 3[4-K-Jx2+3]
x

KTy
)

103
(x2+3)7"

FLE TR DR A |
HAIH EAD ERACT 3D FIET]

2.3 Differentiation rules

B Instructions N Screen Shot B
The TI-89 can act on functions that are L] LS AL O LT LI

unknown, to give the differentiation
formulas.

e
215000 500 + Z{a00) £

dCF OO*god , XD

HAIH R0 AUTO FUNC 1/30

|‘f1 ]’ G4 Trsv‘[ [ ‘[ TS ‘[ G ]’ ]
-E Algebrs|Calc|Other [PrgmI0Clean Up

d d
.l[M] Tl Fo ) Tl 3 F )
dxl gl a0 (Q(X))IZ
2CF O /g, x2
MAIN Kb AUTO FUHC 1/30

The common denominator function F2 6: | [F28k e 2l ofer Fromiolc1em Un

comDenom( has been used to simplify an | [ *** ] = ; (a0a)*
answer by combining two terms over a s conpenon] ) {360 #00
5 i
common denominator. g‘;" (s00)
Ejﬂﬁ}ﬁﬁ-gjﬂmlﬁm
(gtx)?

E:TDenum(ans(i))
MAIN

R0 AUTO FUNC 230
— —




Otherwise the TI-89 can be used to check | [fiifilGes -:?17:iufrI:EriPrFﬂ!r'muIcnruEn'upI ]
differentiation of these functions by
direct entry, as here.

etz x2-5) [3-7%%))

[ PExT - 185w - 12)
B 250 C-Tr 50, )

| Fi- | Fa- F3—i Fly= | FE F&= i |
Tools|AT13cbra|Calc]Other|FramiD|Clean Ur

lEﬁg[tah(xj-[sih(xjjz]

[tan(x)]z-[E-[cnsix)]E + 1]
Eitanixikisinlea a2, wa

| Fi- | Fa- F3ri Fi- | FE F&= i |
Tools|AT13cbra|Calc]Other|Frami0|Clean Ur

n i{—z . KE -5 J
il 3-7.7
sl 1433 = 1853 + 12
z
(723 -3]
AT 2507 C3—Ta 50, 50
FMAIM ERD EXACT FUMC 120

2.4 The Chain Rule

Instructions Screen Shot
The rule for this can be seen similarly for | [T serslcore|otherFromtolciem e

f(x) raised to the power of n.

L{eoor) (#60)" ™ L r0)n
TEGOT 1,0
MAIN KAD AFFROY FUNHC 1/30

Again functions are entered directly, R Sebralc e [t her Pran1o|cLem e

although we can define them separately.

" lefine fi(x) =x3 Done
Blefine gix)=3-x+2 Dt
" FLg() (3 + 20
v (pratan) 3.(3x+2)7

HAIH R0 AUTO FUNC 4730

Fir| F&r [Fiv| F4=| FE Fé
T¢o1sﬁ1sebrucu1cutherpr3m|ﬂk1eunupl ]

z

e (s3]
6o Fogiple® ¥ cpzled p

Bisinte™{3xa2™2, w2
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Fi-| Few [Fi<] Fu=| FE | Fé=
[T-:--:ﬂs[ﬁﬂtbru Eu1ciuthtriPrﬂmlﬂIl:1tun upI ]

l%[[cnsﬁ-x + 1}]4]

“12-5ini3 ok + 10 (cos(3 x Ak
ALcostix+tland, wa

| Fi- | Fa- F3—i Fly= | FE F&= i |
Tools|AT13cbra|Calc]Other|FramiD|Clean Ur

l%[[cnsﬁ-x + 1}]4]

dzin¢3 x+ 10 (cost3 x + 13)°

ALoos i3+l %
TMAIN RADERACT  FUMC 3170 |




2.5 Implicit differentiation

Instructions
This can be accomplished by defining y
to be some function of x, here c.

Screen Shots

Elefine g =c(x)
e 3,2
u d}:[S ®=+y ]

E-G(xj-%ic(x:ﬂ +15. %<

S N

Fi-| Fa- 3| Fu-
Tools)AT13cbra III:I'I-: Other Prﬂmll] l:'ltun U

"y =83
e
.E[K2+H2=1]
. 2 cw =
2-oix) dx[c(xj]+2 ® =0
Al 2yt2=1,xd

Inverse trig functions are entered directly.

Fi=| Fer [Fi-| Fu= Tor
houﬁueWucmcumerwsmmcuunm
1 -
s {cos 1)) =
1-x<
i 1
B ——[tand(x])
dx KE +1

dttandix,xd

The TI-89 confirms the value of the limit
giving e.

I
Fi-| Fir Zr| Fy-r Fbr
Tools|ATdcbra |:.;|1.; Othgr, Pr:‘mll] l:lt-:ln U Lﬁ

1
. lim[[1+:{]x] £

w30

limitCol+xa™01wd, o, 0]

Note the asymptote at x=—1.

MAIN EAD EXACT FUMC 1/20
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3.1 Maximum and minimum values
3.2 Derivatives and the shapes of curves

B Instructions

Relative Extrema: Find all relative
extrema of the function
2(x)=x~9x*+24x—7 and confirm your
result by sketching the graph. The TI-89
method combines use of the
differentiation command, the solve

d
command for = =0 yee
dx

|‘f1 ]’ G4 Trsv‘[ [ ‘[ TS ‘[ G ]’ ]
-E Algebrs|Calc|Other [PrgmI0Clean Up

and

Screen Shots

W Define a(xl=xs - 9%l + 2457 Dahe

a0 3.ow?- 18, w424,

lsolue(S. -><2— 18. -2+ 24, =B,><]
=4, or x=2.

zolvetans(1)=0,x>
I

Hil Rl AFFROY FUNC 330

graphs of the function and its derivative
to relate the algebraic solution to the
pictures,...

,.
Maximum \.,__,_/
®oiZ. goil3,

HFIN Rl APFRIR FIRC

M fom \.,__,_/

xcid. yci 9.
HAIN RAD AFFRON FUNE

and a table of values to get coordinates of
points, check limits, etc.

MAIN = KRl APFRON FUHC
—— —
1
(4,9
9 /
/ 2 3 4

Example 3.1

Find the relative maximum and
minimum values of the function
fx) =x> —x.

First we can get an idea of the solutions
by sketching the graphs of the function

and ite derivative

Instructions Screen Shot

T3 & FEw | FEY
Tr-ace|Relraph|Math|0raw

T 5
- E Zoam

&FLOTE

iy




to sketch

d(yl
Note the use of y2(x)= ({dx(x))

the graph of the derivative.

AFLOTE
"gl=><3 -
uz= (1)
yi= //

HAIH il ﬁPPRI‘IH NC

T Fev | F¥ FE™
- E Zoom|Trace ReGraph Math

AFLOTE
"gl=><3 - ¥
f92=;%;(91(xn

Y=

yg=

o= Z/

b=
ur=
= Haxmum
Rt gt 3849
MAIN [T ﬁPPRﬂH T

T Fev | F¥ FE™
- E Zoom|Trace ReGraph Math

AFLOTE
"gl=><3 -
uz= (1)
yi= Z/

yg=
4o=
b=
ur=
= Minimum
xc. T yct -, 3849
MAIN [T ﬁPPRﬂH m

Answers obtained from using F5 Maths

3: Minimum or 4: Maximum from the
graph screen can be checked algebraically
for accuracy in the [HOME] screen.

|‘f1 ]’ G4 Trsv‘[ [ ‘[ TS ‘[ G ]’ ]
-E Algebrs|Calc|Other [PrgmI0Clean Up

lefine fix)= =3 -y Diarey
menlue(fix)=0,x)

=1, or x=0or x=-1.

et 3ox2- 1.

-><2—1. =B,><]
%= E77a0 oF ®= - 5773

lsolue(S.

°DlUB(ana(1) 0,.x2
I'I

oo | /

mm HF FUNC 4730
—

Ve

Example 3.2

The derivative can be zero without there
being a relative maximum or relative
minimum.

Example. f{x)=x"—3x+3x—1

gg(x) gyl Cx %)

Rl AFFROY FUNC
—— —




Fax
[Tmﬂs[:-mm Trace R-zGr-:ph H-:ll:h Drul.-.l Fenf:

n—w

.

\/

T G4 i WA TS G
-E Algebrs|Calc|Other [PrgmI0Clean Up

Done
®=1.

Foowl b+

" Define Flx)=xo -3 xl+3%-1
Bznlue(fix)=0,x)

et

lsolue[S ><2—6 st 3. =0, x] x=1.

zolvetans(1)=0,x>

Rl AFFROY

FUNC 4730
—

The second derivative test can be used to
confirm that we have a point of inflection
at x=1. Put y3(x) equal to the second

derivative and view the table of values,
2

d
around x=1. We see that d—f changes
X

sign from negative to positive through
x=1 (and is zero at x=1, check on the
[HOME] screen and note the Intermediate
Value Theorem) and so we have a point
of inflection (y68=f, y69= f' and y70= f"
here).

A T R IR
MHEE ued  [uvd
-1, 3. G,

] 125 .75 -3
; I P[5

] A28 [.75 3
2 1. 3. 5
#=H.
FHRIN RADERRCT  FURC

We can check this on the graph screen by
using F5 Maths 8: Inflection.

Fi-| Fer F51- Far |Fio<i:
|’T¢-:-1=].E-:n¢-rn TFacE R-zGr-:ph H-:ll:h Drul.-.l P-zn:]

-\.-\.

L

InFlectlnn
#oil,” o i,
FRIN FRDERACT  FUMC

3.3 Optimisation problems

Instructions
Often in these questions we have to find
the optimum value of a function of two or
more variables by first substituting for
one of the variables a function previously
formed. This can be done in a relatively
easy way on the TI-89. Taking example 2
on the manual in section 3.3, we have to
minimise the cost, C = 227wr>)+ 21wh
subject to 7r’h = 300 . Note that the form
of the condition (using | ) means that the
answer comes out well or does not come

Screen Shot

B Oefine c=4-n-r2-k2-n-r-h
Done
IEDIUE[d [4 MR+ T o ]

-_h
FE=T

Eolueddo ddmsr ™2 +2kmkrkh, ...
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Fi-| Few [Fi<] Fu=| FE | Fé=
[T-:--:ﬂs[ﬁﬂtbru Eu1ciuthtriPrﬂmlﬂIl:1tun upI ]

B0efine c=4-m-r=+2-m-rh
Done

-qn-r*-h]=|3,r*]|n-r*2-h=3ElEl

r=-—

4
LIEEERG IS0, R | et 2 =300

| Fi- | Fa- F3—i Fly= | FE F&= i |
Tools|AT13cbra|Calc]Other|FramiD|Clean Ur

4
'5D1UEL§%[4'I'P2-FE'I'P'F}

_ 523 713
SRR P
Eolveldt dkmkr 22k mbrdh, ..

z
thT Fi- TFhthT FE T Fa-
Toals|a13ebraCatc|ther|Framiojcizan Ue Eﬁ
—
]

e 2-n-r-h]=ﬂ,r]|h=iﬂz
ner
55515
13

L tokbg e =E D =3 (et 2
HAIH EAD ERACT  FUMC ]

3.4 Antidifferentiation

Instructions

Use the symbol | found at for the

antiderivative. We can enter on the [Y= ]
screen the function y1(x) =
function, x) + ¢ when c={list of values
separated by commas}. This will give us
a number of antiderivatives of the
function.

vl is then the function F(x).

X4 2
i
L4iy = d1%
glcxi=roddt™d, watclo=t-.
HMAIN RAD ERACT  FUNC
I'TEHJmm i ]

~FLOT=
Flok 1:

wyl=41 @ 1 2 3 4 53
y2=ull -
e 4 2

Graphing the function will show what
these functions look like and the
relationship between them.
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Fl=| F&- |FZ |F4 |FEA FB-| =77
Tools|2aam|Edit] ~ |ATT |5k T [2Nn 5

<FLOTS__ .
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Since they only differ by a constant the
graphs are all translations of each other
parallel to the y-axis.

| Fi- | Fer| FZ FYy FE-| Fa= |FP=#i
Toals|2aam|Tracg|RsGrarh|Mathjor aw|Fen|:2

MAIM RAD EXACT FUNC

Displacement, velocity and acceleration

Instructions
Set the graph drawing mode to
differential equations using MODE
Graph 6: DIFF EQUATIONS. In the Y=
mode the DEs are then set up ready for
you to enter. The TI-89 uses ¢ not x.

The variable ¢ is given a key of its own on
the TI-89, like x, y, and z namely «.

MAIM DEGERACT DE

To draw a direction field using the TI-89.

Fir[ Fix [Fir| Fav ] FE T~
[Tm:ﬂs[ﬁﬂ-zt-ru Eu1ciﬂthtriPrﬂmlﬂIﬁ1tun upI ]

"Define ul'(ti=t +ul?
Done

Define gl 'chi=t4yl"2

Fir| F2 F
Cr g T
F S 4 I I O
LR T A N I O O O
Ly v vs—gS 00
TP Td rrrT T
Py v s s=S00 000
Y N S 10 3 T I I |
HAIH DEGERACT  DE




Select the [Y= ] screen and enter the
differential equation using ¢ (and Y1—or
Yn—if needed). There is no use of x.

Use [¢] [Window] (F2) to set the window
dimensions to an appropriate ¢ and Y size.
Choose ‘GRAPH’ and it will put in the
direction field.

Fl=| Fa=| FZ FYy FE-| Fa- |F7-FA
Tm:-1sIE-:mm TructIReGruphIHuthIDru IP-zn IC |
[

[ —
R S ——

Selecting F8 IC enables a particular
antiderivative solution to be drawn: IC
stands for Initial Conditions, meaning a
point (or points) known to be on the
graph of the antiderivative required. Enter
the co-ordinates or move the cursor to a
chosen point and press ENTER.

Fi=| Fer| Fx F4 FE~| Fa- |F7={FB
Tm:-1sIE-:mm Tr'u-:tIReGruphIHuthIDruwIPen IC

o ., — —]

=
—

MAIM DEGERACT DE

The solution curves for the antiderivative
through the given point(s) is drawn.

Fi~| Fer FE~| Fa= |F?
I’T-:--:-1sl.2-:u:-m Tructiﬁeﬁrurhihuth]ﬂruwIP &h Il:

I
I
I
!
]
I
I

To solve a DE algebraically we use the
command F3 C: deSolve(

Use = for the y'.

Example 189 use

F3 C: deSolve( y{2nd) = = 2¢(y+3) and
y(0)=4, )

I
|
|
|
|
|
]

[I Fi- | Fa- F3ri Fi- | F
Tools)AT13cbrajCalc]Other PFEMII]IE'IMH UPI

BdeSolvely' =24 [u+ 31 ark

tE
=7V & -3
deSoluvely ' =24 0y+3) and y..

Fi-| Fa- 3| Fu-
Tools)AT13cbra III:I'I-: Other Prﬂmll] l:'ltun U

Bt (u+3) and W@ =4,t,4]

tE
=7V & -3
el b+ and glli=d, 14,93
TRIN FAOERACT  DE 1/=0




4. Integration

4.1 The area problem
To find the area under the curve f{x) =x° + 2, from x =-1 to x = 2. using rightsum we have
xo=-1,x;==1+3/m, x;=-1+23/m,... x; =—1+3i/m,... x, =1 + 3n/n = —1+3=2.

So the area can be obtained by taking the limit (if it exists) of the Riemann sum as n —>co.

Area = le\z flx,) ) = le(z 3(<_1+E) +2))

Instructions Screen Shots

On the TI-89 this is entered as:
F3 3: limit( F3 4: Z( sum expression), x, n (= .72
n, 1, ©), or enter the sum first and then " 151[7 [[ “l+— ] + 2]]

take the limit. The ,x tells the calculator azn2+n+1)
to sum with respect to x, and the n, 1, ) .

is part of the limit (from n=1 to 00) Don’t [T R R e S T T
forget to make sure that n, and i do not MAIN RAD EARCT  FUMC 130

have values in them (use F4 4: Delvar if
they do).

Fir[ Fix [Fir| Fav ] FE T~
[Tm:ﬂs[ﬁﬂ-zt-ru Calc|other PrﬂmlﬂIEltun upI ]
TILZ I TITT ]

2-h2

il a2
. 3 3-i
" lim E[—-[['1+ ] + b
neo i=1L" "
el
limit oo mkll - 1+3#ina"™2.,

Fi=| Fe- |F=]| Fi= ]| FE F&=
Tools|AT13cbra|Calc]Other|Frami0|Clean Ur
- e Bl )

2-h2

(3 {322
i 5 [=] -1 ] z
- Qigl[” Th ¥

E
I BTN LT P I T

- - ; Flz| Few TFi-] Fir
The summation function F3 4: 3( sum T Ts|A19 b a] e Dbhar Fr amin|c1dah U

will also give the general summation
results in Theorem 4.2.1. . % (12)

neln+11-(2-n+1)
=]

it izl.nd

Fir| FZ= |[FZ~| Fy-r
Tools|ATdcbra|Calc|Other Pr:‘mll] l:lt-:ln 113

2.(n+ 1)%

. 151[13] ”T

Eeitd,i.1.m0




4.4 Fundamental Theorem of the Calculus

Instructions

can be found on the TI-89 by defining the
function first using F4 1: Define, and then
finding its derivative with respect to x (or
these two steps can be done together).

The derivatives of the integral functions

Screen Shots

Fer |Fz| Fir

" Define £ =E[1 + 2]t

Done

_ 2
s i) w41
A, ]

Fi- Fz- Fi=| Fu= FE Fa~=
|T-:--:-15iﬁ13-z|:-r-1 E-:l1-:i|]thtr'iPr:lmII] Clean UPi |
" Define () =J§ [%m]dt

Oone

i cosl{x)

" deF(KH 2%

et il ®d

| Fi- | Fa- F3ri Fi- | FE F&= i |
Tools|AT13cbra|Calc]Other|Frami0|Clean Ur

" Define f(x) =JT[i]dt

t
Done
1
L pe) ~

x
LR |

Using CAS with the theorem can help us

with antiderivatives for functions such as
1

X

| Fi- | Fa- F3ri Fi- | FE F&= i |
Tools|AT13cbra|Calc]Other|Frami0|Clean Ur

" Define f(x) =JT[%]¢+,
Ooke
1nc2)

B2
Fih

Areas under curves are best calculated by
evaluating the correct definite integral.
This can be done numerically on the
graph screen, or on the [HOME] screen. For
example to find the definite integral

jj (x+2)dx we can use the graph of f{x)

on the TI-89 to see the area represented
by the integral and numeric integration to
calculate it.

(o] [¥=]x[+2 [¢][GRAPH] F5 (7] 2
(ENTER] 5 (ENTER]

1 Fev [ F3 | F4 [FET| FET R
vﬂ Zoom[Edit] ~ RI1|StulefH e, ..

MAIN FAD_AUTD FUHC




Note : Only the x value of the lower and
upper limit needs to be typed in. Ignore
the y-value. This should appear on your
screen.

1 Fev | F¥ FY FEv | FE¥ [F7
- E Zoom|Trace |ReGraph{Math O aw|- f

MAIN RO AUTD FUHC

1 Fev | F¥ FY F&v [FF
- E Zoom|Trace |ReGraph Ot~z | =

Ualue

ZerD
Minirum
Maximum
Intersection
[erjuativesk

Loy B et

tntlection
Diztance
Tangent.

I
Shade

(g lusis al¥a]
I

MAIN RO AUTD FUHC

1 Fev | F¥ FY FEv | FE¥ [F7
- E Zoom|Trace |ReGraph{Math O aw|- f
¥

1

Upper Limit?
et | uctd, 10084

MAIN FAD EZACT FUHC

1 Fev | F¥ FY FEv | FE¥ [F7
- E Zoom|Trace |ReGraph{Math O aw|- f

A

Lower Limit?
! Yot 2, 05403

MAIN FAD EZACT FUHC

1 Fev | F¥ FY FEv | FE¥ [F7
- E Zoom|Trace |ReGraph{Math O aw|- f

JfCdx=16.5

MAIN RO AUTD FUHC

On the [HOME] screen we just enter the
function into F3 2:f integrate, and the
lower and upper limits. Note the use of

(¢ ] [ENTER] again (approximate mode) to

get the decimal answer.

Fir| F&r [Fiv| F4=| FE Fé
Tools|A1d¢bra|Calc|Other PrﬂmlﬂIElt-:ln upI ]

ngEx+2]dK 92
3

n 2[x-+2]dx 4.5

T2, x, 237

fFivT Fi- Trzrf Flir T FE T T~ T 1

Tools|i13ebra|Cate[other|Prami|ciean e
Tas = P
= . c-sinlll
[2 1] cos( 1)+ ———= +F

ljé[gihcxj + EK-GDE,E}:)]I:EK

1.533772

Jlsintxi+e™Ixicos (xd, %, 0, ..
TAIN FADERACT  FUMC P




Area= jf { f(x) - g(x)}dx, where x=a and x=b are the x-values of the two points of intersection
(if they exist).
We can also use the formula f [f(x)| dx to find the area between the graph of fand the x-axis,

and then we do not have to worry about where the function intersects the axis or the signs of the
integrals. This works well on the TI-89 since we have the function abs.

For example calculate the area between f{x)=x(x + 1)(x — 2) and the x-axis from x=1 to x=2. It is
always good to look at the graph of the function to see what is going on.

%%

Define yl = X(X + l)(x —2) and draw the v ez on|Tr-ace Rer-aph HEth Dr s~ f
g'raph. Entering y2 as a‘t?s(yl(x)) (Which :LL%"ISX (x4 19-(x-2)
gives a reflection of y1 in the x-axis) BE;

. ua=
enables the area to be found without 4=
finding the intersections with the axis. 3§§
Note that the area is NOT equal to [ SR F 00 41565

AN ERD _AUTO FI.INC

2
f_ X(x+1)(x = 2)dx (compare screens 2
and 4)

FEv | FE¥ [F7
- {— Zcu:m Tr*ac,e ReGr‘aph Mzt hOrauw) - f

SfCeddx=-2.29
AN EAD FITD FURC

r
- {— Zcu:m Tr*ac,e ReGr‘aph Math Draw -
wbLOTS
wyl=xn(x+ 11
“92 (9100

MAIN RO AUTD FUHC

(FL *|’rzv*|’ F3 T FY ‘[rh‘[rsv]’f? ]’ 1
- E Zoom|Tr-ace [ReGraph{Math (O aw(-

wFLIOTS g
yi= .

wyze|wlx+ 1) (2 - 2] .




S. Integration techniques

Instructions

required when using the TI-89 since it
will integrate all integrable functions,
using the | function. However, we can
verify some of the formulas for general
results, as well as more specific
functions.

Specific techniques for integration are not | |

Screen Shot
T Fz= [Fie| Fi= |

B tantaxidx

'1H|:|E-DE-I:E|'}{:I|:|
a

Jitantakl, 2]
TRIN FAD ERACT

FUMC 1720

Note how functions such as sec’(ax) are
entered, and the need for ( ) around the

whole of a numerator and/or a
) ) 1 3x+2
denominator in —— and ———.
a +x x(x*+1)

Fi-| Few [Fi<] Fu=| FE | Fé=
[T-:--:ﬂs[ﬁﬂtbru Eu1ciuthtriPrﬂmlﬂIl:1tun upI ]

a
] ;
H[cns(a-x))z]d}{

JOlA0cosCak 22, x)

tanta- )
a

Integrating a rational function

Fi- Fer Fi~| Fu~ FE Fa~
|T-.'u:-'|5iﬁ'|ﬂ-zbr'-:l l:u'l-:il]thtr‘iF‘r‘ﬂmll] Clean I]P-i |
Tou+d
"N TrzL
w52+ 1]

v
x2+1
SO T2 A ek O™ 21 0,

1n + 3-tand(x)

An inverse trig function.

| Fi- | Fa- F3ri Fi- | FE F&= i |
Tools|AT13cbra|Calc]Other|Frami0|Clean Ur

1 i]
. 1 N t.an [a
2l + = &
Sl 0™ 2420, 1]

Integrating a rational function

I e e SR ) DR T

Fi=| Fe- |F=]| Fi= ]| FE F&=
Tools|AT13cbra|Calc]Other|Frami0|Clean UP-I ]

Jl[x— 1]5-[x2+x+ 1JJ

|x2+x+1|
2-1r'|—2
[x-1]
E]

1 23ty

I e SR ) DR T
HAIH EAD ERACT  FUMC 1750




Fi-| Few [Fi<] Fu=| FE | Fé=
[T-:--:ﬂs[ﬁﬂtbru Eu1ciuthtriPrﬂmlﬂIl:1tun upI ]

Jl[x— 1]‘:'-[><2+:x:+ 1JJ

1[_E'|:2'K+ 1]]

1 3 _ Tw-4
9 T (- 1%

T L e e L 0

Indefinite and definite integrals.

| Fi- | Fa- F3—i Fly= | FE F&= i |
Tools|AT13cbra|Calc]Other|FramiD|Clean Ur

lf[x-m]dx

302

2-(=x-1) (3% +2)
15
.ﬁ[x.m]m{ 1615

Tl Cx=12.3,1,20
TAIN RAD ERACT

FUMC el

6 Functions of Two Variables

Instructions

MODE Graph 5: 3D. In the [¢] Y= mode
the DEs are then set up ready for you to
enter z1= etc. The TI-89 uses y and x for
these functions.

<FLOTZ
~f’21=—52EI =
1+=x<+y
z2
3=
4=
o=
.
T2M,yl=
FRIN RADERACT 20

Use [#] [GRAPH] to draw the graph (this
may take a few seconds)

You may need to resize the window using
[¢] [WINDOW] where you can set all
three variables. The viewing angle can
also be changed using the eye variables or

S
by using the keys.

Fi=| Fer| Fx F4 FE~| Fa- |Fi=#i:
|’T¢-:-1=].E-:n¢-rn Tr'u-:tiﬁeﬁruphihuth]nruwIPen i

MAIM RAD EXACT D

Pressing [ENTER] will rotate the graph
dynamically.

Fi=| Fer| Fx F4 FE~| Fa- |Fi=#i:
|’T¢-:-1=].E-:n¢-rn Tr'u-:tiﬁeﬁruphihuth]nruwIPen i |




We can draw contours too.
Select the [#] Y= mode and press [¢] |
Change Style 1: WIRE FRAME to 3:

CONTOUR LEVELS and press [ENTER].

Use [#] [GRAPH] and then F6 Draw 7:
Draw Contour command in the graph
mode to enter the x and y values (here
each 0). This can also be rotated
discretely or dynamically.

Fl=| Fa=| FZ FYy FE-| Fa= |F7=%i
[To-:-15[2-:mmITruct[ﬁeﬁruphIHuth]Drul.-.l[P-zn i ]

RAD EXACT =

MAIM

Here is the graph of y = ‘/16 -x -y

Fl=| Fa=| FZ FYy FE-| Fa= |F7=%i
[Tmﬂs[:-mm Track|keErarh Huth]nruw[hzn i

For partial derivatives, the TI-89 assumes
letters to be constants unless told they are
variables, so will do these as shown using
F3 1: d( differentiate

Here with respect to x

frivT Fix Trzrf ruvT F& T~
Tools|A1d¢bra|Calc|Other PrﬂmlﬂIElt-:ln upI ]
S R = L B

1+ KE + ':IE

o
-100 -

2
(x2+u2+1)
L= {C R e e DT |

Here differentiate with respect to x...

il
frivT Fix Trzrf ruvT F& T~
Tools|A1d¢bra|Calc|Other PrﬂmlﬂIElt-:ln upI Lﬁ

l%[x- IH[KE + uz]]

2-:{2

In(x2 + =) + 5

®o+y

A T e Y |

...and here with respect to y

Remember that these are the partial
derivatives f(x,)) and f,(x,y) not what the
CAS notation implies.

il
frivT Fix Trzrf ruvT F& T~
Tools|A1d¢bra|Calc|Other PrﬂmlﬂIElt-:ln upI Lﬁ

ldiu[x- 1r'||::~»c2 + uz]]

2yg-x

02 4 2

R T e Y |

We can use the F4 1: Define to define a
function in two variables and hence find
the value of the function.

il
frivT Fix Trzrf ruvT F& T~
Tools|A1d¢bra|Calc|Other PrﬂmlﬂIElt-:ln upI Lﬁ

" Define fix,u=xt —yd+2

Done

2raal

i1, . Tooo0

Bf1,1,.9 2.7501
folal, .92

HAIN EADERACT 20 T




We can get f, by differentiating twice
with respect to x...

Fi-| Few [Fi<] Fu=| FE | Fé=
[T-:--:ﬂs[ﬁﬂtbru Eu1ciuthtriPrﬂmlﬂIl:1tun upI ]

...and f;, by differentiating twice with
respect to y

" Define fix,u) =xo +y3
Ooke
a2 [, 9] &
L] Hald "M
dxz
T Lo 0 g, 2]

Fi- Fz- Fi=| Fu= FE Fa~=
|T-:u:-15iﬁ13-zl:-r'u l:u1-:i|]thtr'iF‘r'ﬂmII] Clean I]Pi |
" Define fix,u) =xo +y3

Ooke
42

. EEF(K:H):I By
dy

et i, Ul u. 2]

For f,. and f;, we differentiate twice, once
for each variable.

| Fi- | Fa- F3ri Fi- | FE F&= i |
Tools|AT13cbra|Calc]Other|Frami0|Clean Ur

m Define FOx,u)=xs +y3
Done
d [ d
u d_u[_KI:F(K ’ ':I:':|] 0]
ACdCfin, gl Wl gy
[rrivT Fiv Trzrf ruvT FE T For T 1
ToaTs|ita ke a|Catc|other|Fr amin|c1ean ue
m Define FOx,u)=xs +y3
Done
d [ d
u E[d_HEF(K ’ ':I:':|] 0]
ACdCfin, gl gl, wi]
FAIN RRDESRLT =0 T

Example 207

Fir[ Fix [Fiv| F4= ] F& T~
|T-:--:-15iﬁ13-zl:-r-:| Eu1ciﬂthtriPrﬂmlﬂIﬁ1tun upI ]

" Define flx,ui=-3-x%+6 P
Done
n SDIUE[%[F(K, ul=0, }:]

#=1 or x=0 o x= -1

soluveldifix,gl, wi=H, x )]
HAIN RAD ERACT 30 ]

Then use the Hessian obtained as above
to test each point.

Fir| Fex [Far| Fa=] FE . For
[Tm:ﬂs[ﬁﬂ-zt-ru Eu1ciﬂthtriPrﬂmlﬂIﬁ1tun upI ]
. sulue[%[ﬁx, U=, }:]

#=1 or x=0 o~ x= -1

" EDIUE[%H(F(K, wil=a, '=I]
u=0

soluveldifix,gl, gi=, gl
MAIM EAD ERACT i1}




7 Linear Systems

7.1 Gaussian Elimination
Matrix notation

When there are 3 equations — in x, y, and z — we start by eliminating the first variable (x) in the
last 2 equations and then eliminate the second variable () in the last equation. This leaves us
with a set of equations in echelon form. Once the equations are in echelon form, they can be
solved by back substitution.

This can be done using the row operations on the TI-89, or using functions which give echelon
form and reduced echelon form. First, we need to know how to enter a matrix into the
Data/matrix Editor or into the Home screen.

References: TI-89 Guidebook 229-233 |

Entering a matrix into the Data/matrix editor:

Screen Shot

AFFLICATIOM:

Instructions
Press [APPS] 6, open the Data/matrix editor
and then select 3. New

For Type, select Matrix, as following. Pa-] Fe JFs | in [P JFEqFR

Folder:
Variable:

fene

HMAIM I FAD AUTO FLMC

Press B and select 2: Matrix. HEH

TR
Folder:
Yariable:

. ¢ EFC=CAMCEL 3 )
Press D D and enter the variable name M1. HE|
(Some names are reserved, if you try to use a Teps: Matrix +
. Folder: rdin +
reserved name you will get an ERROR Variable:
message). Row dimensian:
. . Col dimension:
Enter the row and column dimensions of the imansisn: ]
matrix ) ¢(EFC=CRNCEL 3 /

HMAlH EAD AUTO FUMC




Type in the first three rows and columns of the
matrix. You will need to use the arrow keys to
move around. Press ENTER to register each
entry. You can use fractions and operations
when you enter values.

Fi-] _ Fz F= [ i= |: |FEF7
[T-:--ﬂsTH-:-t s-ztup]-:-mI:i-. -':-.:a.-'].-i-.:f*.].ul:ﬂ stutl |

§g

* cl cZ C3
1 1 1 1

2 2 3 3

3 -1 -1 2

4

rdcl=

Press the " key and enter M1 return. You
should now see the matrix in this standard
form.

Fir| Fe» |F3=| F4~ ] FE FEr
Tools|A13¢bra|Calc|Other [FrImi0|Clean Uk

1 1 1
=l 2 3 3
-1 -1 2
MAIN RAD AUTO FUNC 1750

Entering a matrix into the Home Screen

Instructions Screen Shot

Method 1:

From the Home screen, enter a matrix by using
Define(which can be accessed by F4 1 or could
be typed in). Use the square bracket [ ] to
enclose the matrix. We enter the matrix by
typing the first row and then the second and so
on. Use commas to separate entries and
semicolons to separate rows.

Fir| Fz+ [Fir| Fir | FE FE+
Tools|Al3ebra|Calc]|0ther [FrAmlD|Clcan Ue

Method 2:

To enter a matrix into the Home screen, use
one set of brackets around the entire matrix
and one set of brackets around each row. Use
commas to separate the entries in a row. Then
press STO—, type a name for the matrix, and
press ENTER.

Example:

[[1,2,3][-1,3,4]] STO—r ENTER

Fi=| FZ= |F3=| Fir| FE FE~-
Tools|A13¢brajCalc|Other|Frami0|Clean Ur

|,

HMAlH

2 3]+F [1
I o4 -1

EAD AUTO

23]
I 4

FUMC 1.0




7.2 Matrix Row Operations

Instructions

To swap two rows in one matrix, use 2nd
[MATH] 4:Matrix J:Row ops 1:rowSwap(.

1: Hupber
Etrandmat.(
Firnewflat.
G subMat.C

Example: We can change rows 1 and 2 of
matrix r with the command rowSwap(r,1,2).

TYFE 3 1
Fi=| FZ= |F3=| Fir| FE FE~-
Tools|A13¢brajCalc|Other|Frami0|Clean Ur

[1 2 3] [1 2 3]
] A
-1 3 4 -1 3 4
-1 3 4
u = 21,2
FowSwapl - 1 [1 5 3]

rowSwapir, 1,22

To add the entries of one to those of another
row, use 2nd [MATH] 4:Matrix J:Row ops
2:rowadd(.

Example: Add the entries of row 1 to those of
row 2 and store them into row 2 with the
command rowAdd(r,1,2).

Fi=| FZ= |F3=| Fir| FE FE~-
Tools|A13¢brajCalc|Other|Frami0|Clean Ur

[1 2 3] [1 2 3]
] A
-1 3 4 -1 3 4
1 2 3
u Addir, 1,2
Ol L 1 [D 5 ?]

rowAddcr, 1,22

To multiply the entries of one row by a value,
use 2nd [MATH] 4:Matrix J:Row ops
3:mRow(.

Example: Multiply the entries of row 1 by 3
and store them into row 1 with the command
mRow(3,r,1).

Fi=| FZ= |F3=| Fir| FE FE~-
Tools|A13¢brajCalc|Other|Frami0|Clean Ur

.[1 2 3]+r~ [1
-1 3 4 -1
3
%

FUMC

2
3
&
B mRowl 3,1k, 1) =

A, 10
RAD AUTO

]

To multiply the entries of one row by a value
and add the products to another row, use 2nd
[MATH] 4:Matrix J:Row ops 4:mRowAdd(.
Example: Multiply the elements of row 1 by 3,
add the products to row 2, and store them into
row 2 with the command mRowAdd(3,r,1,2).

i-[ Fer |Fa=| Fir| FE FG~
rT-:u:-1STH13-2I:-r'-:l]l:u1-:II]th-zr’TPr’3n1ll]Il:'ltun IJP] ]
z 3]
3 4

.[1 2 3]_}'n [1
-1 3 4 -1

B pRowAddC 3, -, 1, 20

[1 2 3 ]
2 9 13

mEowAdd 3k, 1,22

MHIN RAD ALTD FUNLC EFETT




Example 7.2.1: Solve the following system:

3x—y+2z =13
—x +4y +2z=-1
4y +3z=4

Instructions Screen Shot

The augmented matrix is:

3 -1 2 13
-1 4 2 -1
0 4 3 4

Use the following instructions to row
reduce this matrix.
3,-2,2,13;-1,4,2,-1;0,4, 3, 4]
a

(2nd] [MATH] 4:Matrix J:Row ops
3:mRow (3, a, 2)

multiply the entries of row 2 by 3 and
store them into row 2.

[ﬁ T Fer Trsv‘l’r-«v‘l’ FE T 5 T]
- E Algebra|Calc|0ther PranI0|Clean Up

3 -1 2 13 3 -1 2 13
l['l 4 2 '1}-}5. ['1 4 2 -1
o4 3 4 o 4 3 4
3 -1 2 13
B nRaow(3, 5, 2) ['3 12 & -3
o 4 I 4

DU(3 = nnnuru FUNC_&/30

4:mRowAdd (1, ans(1), 1, 2)

multiply the elements of row 1 by 1, add
the products to row 2 and store them into
row 2.

1 Fer Fer 1. Fuv T [
- E Algebra|Calc|0ther |PrgniIl|Clean Up

[ 4 3 4]

3 -12 13

L mRDded[l ,[ 312 6 '3:| 1.2
o 4 3 4

-2 13

o 11 8 1@

o4 3 4 ]

mBowadd{l  ans{1>,.1,. 2>

FMAIN FAD AUTO FUMC 4/'Z0

Multiply the elements of row 2 by 4.

[ﬁ T Fer Trsv‘l’r-«v‘l’ FE T 5 T]
- E Algebra|Calc|0ther PranI0|Clean Up

[ e 24 = 4]

o 11 & 1o
o4 3 o4

3 -1 2 13 I o-1 2 1

L] mRnw[d-,[El 11 & 1EI:|, 2] [B 44 32 40
o 4 3 4 o4 I 4

mBow{4d, ans{1>, 2>

HAlN FAD AUTO FUMC 4730

|:3 -1o2 13

Multiply row 3 by 11.

[ﬁ T Fer Trsv‘l’r-«v‘l’ FE T 5 T
- E Algebra|Calc|0ther PranI0|Clean Up

[ lo 4 3 a4] ] [@ 4 3 4
I -1 2 13
lmR-:-w[ll,[El 44 32 4:3],3]
B4 3 4
‘12 13
0 44 Z2 40
g 44 33 44

mBow<1l _ans<1>.3>

HAlN FAD AUTO FUMC E/30

Multiply row 2 by —1, add the products to
row 3, and store them in row 3.

[ﬁ T Fer Trsv‘l’r-«v‘l’ FE T 5 T
- E Algebra|Calc|0ther PragnI0|Clean Up

[0 44 33 44
I 1oz 13
lmRuded['l,[El 44 32 4:3},2,3]
B 44 33 44

-2 13
o 44 ZZ 40

IMHIN FAD AUTO
—

oo 1 4

mBowadd<~1.ans{1>,.2.3>

FUMC B/30
—




Here is the echelon form.

3x—y+2z=13
11y + 8z=-1
z=4
By back substitution,

z=4,
Ily+84)=-1,s0y=-2
3x—(2)+r2(4)=13,s0x=1

[ﬁ T Fer Trsv‘l’r-«v‘l’ FE T 5 T
- E Algebra|Calc|0ther PragnI0|Clean Up

IMHIN FAD AUTO FUMC 7750

[a & 1 4
3 1oz 13
lmRu:-w[l/dr,[El 44 32 4:3],2]
BB 1 4
T -1 2 13
B 11 = 1@
BE 14

mBow<{l 4 _ ans{1>, 2>

On the TI-89 this is also obtained by:
[3,-2,2,13;-1,4,2,-1;0,4, 3, 4]
a

[MATH] 4:Matrix 3:ref(a)

— —
177 Fzw Fxw Fyw FE FE™
> f—|Alacsbra|Calc|Other|[FramI0|Clean Up

3 -1 2 13 3 -1 2 13
'[‘1 4 2 ‘1]+a [‘1 4 2 -1
o 4 3 4 o 4 3 4
1 -1-3 2Z<3 1353

[D 1 3.4 1

[0 o] i <

= refial

Ml EAD AUTO FUMC 20




