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1.  Saying'Hello' toyour CAS calculator

Y ou will use the following keys.

Press
The calculator cursor should be in the Home Screen (see
the black cursor flashing in the bottom left hand corner).

Press
The calculator should turn off.
If you can’t see the screen use [¢] (-] (lighter) or

(] (] (darker) to change screen contrast. @@@g:

displays the Home Screen, where you @é@
formm lation =@

perfol ost calculations. =LEEE

Basic Facilities of the TI-89

Function Keys Cursor Pad
[F1] through [F8] The cursor is controlled by
function keys let ;omwecy nown nee | the |arge blue circle on the
you select toolbar D@ E® top right hand side of the
menus. caculator. This alows
access to any part of an
expression.
Application Short Keys Calculator Keypad
Used with the [¢] key to let you sdect| Performsavariety of . . @ . .
commonly used applications: mathematical and @ @ @ @ @
[Y=] [WINDOW] [GRAPH] [TbISet] [TABLE] | scientific operations @ @ (’D
D & G GO G Slojolola:
-@Qb@
[¢] and modify the action of other keys:
M odifier Description
2nd Accesses the second function of the next key you press
(Second)
[e] Activates “shortcut” keys that select applications and certain menu items
(Diamond) | directly from the keyboard.
( ) Types an uppercase character for the next letter key you press.
ITt

Used to type alphabetic letters, including a space character. On the keyboard,
these are printed in the same colour as the key.
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Description
Displays a menu that lists all the applications available
on the TI-89.

oyr __corr oy bl Cancels any menu or dialogue box.
-ESC i i i
.m .@M e T Evaluates an expression, executes an instruction, selects

a menu itemetc...

Displays a list of the TI-89's current mode settings,
which determine how numbers and graphs are
interpreted, calculated, and displayed.

Clears (erases) the entry line.

Press ) or () to move the cursor to the function or
instruction. (You can move quickly down the list by
typing the first letter of the item you need.)

Press Your selection is pasted on the home
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screen.
Application L etsyou:
[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
[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
[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

[F6] Clean Up to start a new problem:
Clear a-z Clears (deletes) al single-character variable names in the current
folder.
If any of the variables have already been assigned a value, your
caculation many produce misleading results.

Problem? Try this!

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

If necessary, press to delete the complete line.

If you want to clear the home|PressF1[ 8]

screen completely
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Mode Settings

Press [MODE], this shows the modes and their | If you press F2 then ‘ Split Screen’ specifies
current settings how the parts are arranged: FULL (no split

screen), TOP-BOTTOM, or LEFT-RIGHT
B

i HODE K MODE

Fi F2 Fz Fi T Fz [ F=
Fadg 1|Fade 2[Fade 2 Fadg 1|Fads 2|Fads 3
HLTIOH + ERlik Ecrek
Splibd ArE.

Splik 2 ARE.
Hurabst of
Gogmi

Camp1er Format KERL *
. RECTAMGLLAR +
Fretby Frink..... DN

Enter=FAVE EZCSCAMCEL

Enter=%AYE

STATYARS I RAD ALTO

EXC=CAMCEL

(@ Entering a Negative Number
Use[-] for subtraction and use(-)] for negation.
To enter a negative number, press((-) followed by the number.
To enter the number —7, press(-)] 7.
9’ 7=-63,
9" [-] 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; CAS doesnot read asx ™ y
(© Substitution
Using [ | ] key to find the value of a function or expression given particular values of a
variable
eg) x"2+2[1]x=3
This calculates the value of x* + 2 given x = 3
Using ‘STORE' key:
eg) Find f(2) if f(x)=-x"+2
XN3+2 f(x) 3 +2® f(x)
f(2) -6
(d) Rational Function Entry
T _ (X)) _ (numerator ) (3] ( denominator )
a(x)  (9(x)
For example x+1 ® (x+1)[5)(2x-1)
P %1
(e) Operators
addition: + subtraction: — multiplication: ~ divison: . Exponent: *
) Elementary Functions
exponentia: e(x) natura logarithm: In(x) squareroot: O  absolute value: abs(x)
trigonometric: sin(x), cos(x), tan(x), sin(x), cos *(x), tan*(x)
If you want sec(x) then put 1/cos(x) or use the catalogue: [3]
(ENTER], 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 (p)
change using the 3 key previously discussed.
(9) Constants
I : imaginary number p: Pi ¥ . infinity
with key  with key  With[s] CATALOGIkey
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(h) Recalling the last answer
[2nd)[ ANS]

ex) ang(1l) Containsthe last answer
ans(2) Contains the next-to-last answer
(i) Cutting, Copying and Pasting
Use OO or O®™to highlight an expression.
Press[ F1] 5, tocopy and [ F1] 6 to paste.
Press(ENTER] to replace the contents of the entry line with any previous entry.
()] When differentiating with respect to x

Limit Im () : lim(f(x), x, a) Differentiation d—c)l(f(x): d(f(x) , x)
Indefinite Integral ¢yf (x)dx: ¢ (f(x), X, c)

Definite integral Qbf(x)dxi ¢ (f(x),x a b)
Areabetween f(x) and g(x) on theinterval [a, b]: C‘jf(x)' g(3)| dx

2. [Y=]and[Table]
(@ The[Y= ] menu
Press[¢] [Y=] tO seethefollowing:v

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 Y ou have entered
yl=2x+3

This returns you to a blank Home
Screen.

y1(x) y1(x) 2x + 3 | This pastes y1 on the Home Screen.

y1(4) y1(4) 11 | Thisfinds the value of y1 when x = 4.

(b) Table
Press[¢] [TABLE] to see the table of values for 2x + 3, as shown below:

B Bl ) B
e e Fawiee Pow

e A FUTD IR
Presse [TbI Set] change the settings and see the effect in [TABLE]
i1z T T e Pz .j. D il T"-"s;.é-‘-::;-JIr:-is:-
THELE SETUF
thlStart:
7 atbl:z
1 Graph <-» Table: OFF +
I Independent:  AUTO+
I3, (Enter=cAlE> ¢ESC=CANEELD J]
3. T=. | | I I
MliI=N_ = Eal aUT0 EFLUNC IAIN = Eal alUT0 EFUNC
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el

TAELE SETUF

atbls

Independent.: AUTO =+
Enter=SALE

1 thiStart: [2
L ]

Graph - Table: OFF +

ESC=CANCEL » ]]
| |

. T2, | |

o [
i

1.

ERLAUTD

ELHL

EAL ST

EUNS

By changing [ThblSet] from [1. AUTQ] to [2. ASK], complete the table below:

TRELE SETUF

thlStart: [-2.

Independent.2

Enter=SAUE

abbli 1.
Grarh <- Table: OFF +

EAT AU

Remember: y1lis still set to
2X+ 3

1 F; F3 [£] FE F&
P satup|ceL1 [He orer |De T RaulInd Row
#

1L

3.

1

Z.

3.

4.

5.

x="5.
[ AR AT FIRE
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3.  Graphing

€) Displaying Window Variable in the Window Editor
Press [¢] [WINDOW] to display the Window Editor.

[rosie]zhem | g
®min=-10.
wmax=10.
xscl=1, i wat]
ainz - Wi ™
yscl=1.
wres=Z2 — xmax
[ FTATH EAD AUTO FUNC umn\\_
Variables Description
Xmin, Xmax, ymin, ymax | Boundaries of the viewing window.
xscl, yscl Distance between tick marks on the x and y axes.
Xres Sets pixd resolution (1 through 10) for function graphs. The
default is 2.

(b) Overview of the Math Menu

Fi= Fz FY4 FE-
Tools Trace|ReIrarhiubid]

IEUaluE

F7
Fin|

Press F5 from the Graph screen

tlntersection
tlerivatives
I Cwad
dIntflection

EH
gz
S
=]
T
=]

HMAlN EAD AUTO FUMC

Math Tool Description

Vaue Evaluates a selected y(x) function at a specified x vaue
Zero, Minimum, | Finds a zero &-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(x)dx Finds the approximate numerical integral over an interval.
A:Tangent Draws atangent line at a point and displays its equation

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

1. Display the Y=Editor.
2. Enter the function
3. OpentheMath Menu  F5, and select 4: Maximum.
4. Set the lower bound.
5. Set the upper bound.
6. Find the maximum point on the graph between the lower and upper bounds.
7. Transfer the result to the Home screen, and then display the Home screen.
HOME
vla ZFozgm Trf;c.e ReGFrllaph MFastTh D:‘s;w i if v1a Zrozcrm Trf;-:.e ReGFrI!aph D:‘s;w v "1& ZFDEETN Tl‘f;':e RE‘E:—;!‘BP"'I MFastTh D:‘E«;'-d 7 l»/“?
wFLOTS wFLOTE 1:Ualue &FLOTE 1
\/E%ZXS_?-){*‘S JE%:XS—?-X'FS %:ﬁ?;?num "E%ZXS—?'X+6
3= di= tIALersection da=
ud= ud= Gilerivativesr ud=
g43= g43= FIIF g3=
3%; 3?; g:Inflection 3%=
- - ZFilistance E=
gS= v 98_ A: Tangent 422 Lower Bouhd?
47 J g7 B:Arc ki ®etl
CiShade UCEE,
(R B TR EUNE [EE B ZAT EUNE (T G EERT LuN
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via Zrozgm Trf;c.eTReEErllaphTMFasgh D;Egu]':-? f T ﬁTZFozgm Trf;-:eTReGrrI!aphTMFastThTDrFﬂsa'w -P f T
AFLOTE aFLOTS
’91=x3—?-x+6 gl=xT = Tox + 6 SF !
yz= gz=
g3= gi=
qd= ud=
ug= u5=
ug= uE=
u7= gz
Eg: Masimum E?ﬁ Upper Bound?
= neiidiiaee” - Geill.e263
T2 G Eli — — —
(d) Overview of the Zoom Menu
Press F2 from y=Editor, window Editor, or
312 Ot
Graph screen 3 ZaorDec
S ZoomSyr e e
i Zoomstd
FiZoomTrig
2lZoomlnt
[ FAIN ERD AUT FUNC
Zoom tool Description
1:ZoomBox Lets you draw a box and zoom in on that box.

2:Zoomln 3:ZoomQOut

Lets you select a point and zoom in or out by an amount defined by

SetFactors.
4:ZoomDec Sets Dx and Dy 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
Notes:

To get out of the graphing mode use (HOME].

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:ZoomOut, or A:ZoomFit

Ce)
(¢J [ y=] x* 2 [ENTER]

Graph y= X by following these instructions.

MAIN KAD AUTO

FUNE

[+J[F3]

MAIN

KHO AT

FUHE

To draw a new graph go to 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 = x2.
returns you to the Home screen.
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4. The Algebra Menu

- N Fa-| o[ FE T~
r|1'.ltt-r'-:| Calc|Other|FramiD|Clean Ue

Fi-
MR v

Menu ltem Description F2 MENU 3 %TEEEEE%M
A e ZiproRriest
2 opnpenant iiosolued
SlnSolued tcFactor
Siclerost
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 al its variables or with respect to only a
specified variable.
4. zeros Determines the values of a specified variable that make an expression equa to
zero.
5: approx Evaluates an expression using floating-point arithmetic, where possible.

6: comDenom

7. propFrac

Calculates a common denominator for al termsin an expression and transforms
the expression into a reduced ratio of a numerator and denominator.
Returns an expression as a proper fraction expression.

a Ye Yoon Hong & Mike Thomas,

The University of Auckland

Page 9 of 50 Introduction to T1-89




Solving Linear Equations
Example. Solve 2x —5=3x - 9.

We can solve this in three different ways:. algebraically, graphically, and numerically.

Press See Explanation
Method 1 a) @ngﬁraﬁiﬁ ofﬁErTPPEmmTMearfs a-z.. 2Xx —5=3x—-9issolved by an
algebraic method.
[HOME] F2 1 The , x tells the calculator to
2x - 5=3x- 9, Xx) [ENTER] solve with respect to x.
ek TS X = 4 is the value which makes
S both sides equa in vaue.
Method 1 b) To find the value of X, we need
2x - 5=3x- 9[ENTER] (Rt aorc other pramtolcteat oz to simplify the given
2X—5 +5 = 3x- 9+5[ENTER] expression step by step:
2X- 3 = 3X - 3x [ENTER] If we add 5 to both sides, the
“x/ "1 ="4/ 1[ENTER] expresson is simplified to
2x=3x — 4.
If we subtract 3x, the
expression is simplified to —x=
4,
If we divide by -1, finally we
getx=4
Method 2. e |zoanEdit] > A1l [stotelm .| Here each side of the equation
is defined as a function, using
[+J [F1] y1(x) and y2(x):
2x- 5 yl(x)=2x -5
- 9 92 60=3%x—9 y2Ax)=3x -9
(¢ [F3] ¥ o Eon[r ScelRetraph mathlormul Y ¢ Looking at the two graphs, we
can see that they intersect at
one point.
[F5] 5 e T o 1= e To find the intersection point
diaare we need to use the function key
e | | [F5)
TR Ol u
/] s
1% curve? [ENTER] S N I N o 1% curve means y1(x),
2" curve? [ENTER] 2" curve means y2(x).
Lower bound? 0 The lower and upper bound
Upper bound? 6 means the interval in which the
Iheremction / intersection point is found.
B T —TT So the two graphs intersect at
the point (4, 3).i.e. x=4
Method 3. The point of intersection can
e Tl be found using atable.
(¢] [ F4] = Enter y1 and y2 as in method
tbl Start: —1 " 2.
Dtbl: 1 < When we look at the point x=4,
(¢] [TABLE] 2. we can see the values of the
= two functions are the same, and
o e T equal to 3.
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Looking at the three methods we see that the value of x is the same in each case.

Exercise

Solve the following equations. Make sure you use each of the three methods above at least once.

1|3x-2|=5
ax+10  ax0
4, ln%TE' ln%EE_B

Screen-snaps Exercise

2.3 22X +7=22
ES. €§1X = 1453-42X
(give the exact solution)

Reproduce the following screens on your TI-89.

1. e N N e

.

Intersection

uci3,

GiEiE] TR

T

i gz

] T

2 [ =N

-1, EN =N

. 2. -4,

1. o, -3,

-2, [-Z.

2. -4, [-1.

4. [-&. [d.

=2,

2T EACAUTD EUHC

[F1 T rsz Fz T Fy T F_Tsv rsv-TF? T T
4. - E Zoom|Trace|ReGraph [Math|Draw |« ff

3. V2- x=x

1 Fer Fiv T F4r FE F&
2- - E Hlgebrs|Calc|Other |PramI0|Clear a—=z..

moolve(yl(x) =2 x,x)

d

Intersection
HICE 2.

AT [ATCITRI

I nvestigation

®zoluvelyllx) = x, XK

Bl BUTT T A T

1 Fir | F3 F4 FE* | F&T [F7
- E Zoon|Trace [RFeGraph|Math|(Draw|« f

Intersection
woE 2.

]
*
IR

JLIIN Ed0 AUTH

For this question you will need to use the

split-screen facility using:

[F2] ‘ Split Screen’ — see page 3.

Find all the integer values of a for which ax + 1 = 3x + 5 has integer solutions.
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Inequalities
Example. Solve 3x —2 = 7x +10
Method 1)

[F2] 3X- 2 [Z] >= 7x+10, X ) ENTER |53 3lins S ol e aftvar [ aean]1an ue

Note: The >= automatically changes to 3 once the
equation is entered.

Bepluel3- -2 27 -x+ 10, =)
® = -3

Let us now solve the inequality step by step.

Method 2) In the following we transform in an equation into the form *x = or = ..."” by specifying
equivalent transformations.

Step 1. 3x —2 = 7x +10 [ENTER]

The subtraction of 7x is a reasonable first step.

Step 2. The application of the equivalent transformation of adding —7x to both sides of the equation,
adding 2 and dividing 4.

o[ ANS| - 7x [ENTER d] ANS] + 2 [ENTER rd)[ ANS] / * 4 [ENTER
thaTe|dine ol fare nfae o Fun] crdan ue A L L e e
Rl x—-2EV-x+ 10 NI x-Z2zv x+10]-7 =
Iw—-227-xw+ 10 4w -2=10
M(Tox-2EToxH 1D - Pox W(4ox-2E10)+2
4w -2 =10 4w =12
Wi dox—ZE @)+ 2 4wz 1z .
-4z 12 " ®E 3
E-'1111:-+':;' kst s -4
FIRIN FAD ALTD FURE oz | | Fain KAD AITO ___FIRE [PET]

Note: ans(1) always contains the last answer, ans(2), ans(3), etc, also contain previous answers. For
example, ans(2) contains the next to last answer.

Method 3)

HECH IS+ 10 ol =S —2 i
| MAIN EAD AUTD FIHC | MAIN EAD AUTD FUNC MAIN FUHC
Method 4)
T.E_EIZSEEHTE“ neE:«:Trﬁfn]nﬁg:u]'{mf{ <o kil wifehuel:
wyl=F-w -2 : 2ifera -5, -17.
v42=7-%+ 10 I —3. [-14.  [-1%.
g 11, 11,
gd= e 2. [B. |4,
o « r_,_/—f = =
ur= “Intersection = | |
5 HCE "3 gci -11. 2=,
| [ETTT] ERD AUTS EUNC mﬂ MTD FLUMC mﬂ MT FLUMC ﬂﬂ M'ﬂl FLUNC
Exercise. Solve the following inequations:
1. |4x-2|=6 2. [4x—-2|=6
a Ye Yoon Hong & Mike Thomas, Page 12 of 50 Introduction to TI-89
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5. Typesof functions

Constant Function

f(x)=c
Example. y=1,y=-2
] N ST S W A L P
*
MAlN EAD AUTOD FUMC
Linear Function
fx)=mx+b

Example. y = 4x—2
e [z Tr sce |Retraph|Hath|Draw| < & |5

®Ei.5 g i,
AIN FAD AOTO FUNC MAIN FAD AOTO FUNC

Quadratic Functions
fx)=ax*+bx+c, a?0
Exampley = x> —x—2 = (x = 2)(x + 1)

[ TV B T B B
1 Fer G e FE [ A T PP TN [
-.-E AlgcsbralCals DLhE-r‘TPr*gnIEITClean Upﬁ TE—lSetuplied s penn el Fosling B
i 1 d
S
o. -2,
1 “2.
e o,
mDefine Flx)=x2 - -2 Done i ?EI J
B solue( (=) =0, ) ®=2 or x=-1 5 15, -
D -2
£ <A x=—1.
MiIN FAD AOTO FUNC =730 MAIN AL ALTO FUNL

Cubic Functions
fx)=ax+bx*+cx+d, a?0

Example. y = x3 —x = x(x + 1)(x — 1)

O AL sebralcotc other rontolcieam Upl | [FERlem T bee retraphlioehloraa
e : 1
. .
1. .
Siph rry ="
*x=1or x=0 or x= -1 5. 120, "
LR A4C)] o woi -1,
£ Re=tc
HAIN . R.Ml AUTO FI.INIE ENED) HMAIN FKAD AUTO FLUHC
Combinations of functions
(f + 9)(x) =f(x) + 9(x) (f- 9)(x) =f(x) - 9(x)
(f—9)(x) =f(x) —9(X) . (fF/9)(x) =1(x) / 9(x)
Example. Let f(x) = X% =X, g(X) = =
X
(f+0)(x) =
(f—0)(x) =
a Ye Yoon Hong & Mike Thomas, Page 13 of 50 Introduction to TI-89
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(f- 9)(x) =
(/o)) =

< |1 gebra|cETe ot her [PramIafc1e 5 Us Tvvvvv_.
H
P
Xz -—x - %
= Oefine f‘(x)=><2—>< Dione] =1
mOefine alx) =% Dok ><2-(><— 1
Define glx)=1-x
[FI6IH EAD HUTD FURC 2250 EAD AUTH FUNC B30
Composite Functions
@ @
Doman of Range of f Range of g
Domainof g
Example. f(x) = 2x + 1and g(x) = x* —
(gof)(x) = (2x + 1) —1 = 4x(x + 1) fog)x)=2x*-1)+1=2%-1

f
" f(x) g(f(x)) %) f(g(x))

Definition
(fog)(x) =f(g(x) cf. inversefof™=|
(g 0 H)(x) = g(f(x))

f(g(x)) isafunction of afunction. The domain of f o g isthe set of all numbers x in the domain of g
such that g(x) isin the domain of f.

Example. f(X) =v2x- 3,g(X)=x* -1

(fog)(x) =

(gof)(x) =

(@og)(x) =

a Ye Yoon Hong & Mike Thomas, Page 14 of 50 Introduction to TI-89
The University of Auckland



The Exponential Function

The exponential function is given by

f(x)=¢
where the base “e” is approximately equal to 2.7182818284.
n 1 10 100 1000 10000 100000 1000000
1y" 2 2.594 2.705 2.717 2.718 2.718 2.718
gi " ho

m 1g
imed+—J =271828182845904... =

n® ¥

& i Fer (_FB¥ [F7
rrrrr v #—|Zoon|Trace |ReGraph|Math|Draw|»

T T =
- 1y - a + L) m
WDefire x={1 10 100 1000 10000 1p
Donel
. . ] 1% LR yen]
Define F:0 =1+ Done 43 Z.7IF 2.PIE Z.TIE ZLPIE Z.TiED
wDefine x={1 10 100 1000 10000 1 " lim £(x) ¢
Dore| LA
. " lim F(x) 2.719)
30

fix)
{2, 2.994 Z2.705 Z2.7I7 Z2.718 Z.Fp

o[ Fer

.
HAlH FAD AUTD FUNC

f(x) = & f(x) = &*

Domain: x 1 R Domain: x 1 R
Rangey>0,yl R Rangeey>0,yl R

| nver se Functions

Definition.

Let f be aone—to —one function with domain A and range B.
Then itsinverse function f* has domain B and range A and is defined by
fry)=x U f=y

forany y in B.
Do not mistake the— 1 in f = for an exponent. Thus
1
f1(x) ? —
()7 ™
(The reciprocal % could be written as [f(x)] ™
X
Example 1.

Find the inverse of the function f given by the following set:
f ={(10, 20) (15, 15) (25, 3) (27, 3)}
Answer: 1 ={(20, 10) (15, 15) (3, 25) (3, 27)}
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Example 2. Find the inverse of the function y = 2x

-1

x4f>fx) X +—f(X)
7
] ]
|

If the function is given as a graph, you must reflect the graph in the line y = x to find the graph of
the inverse.

How to find the inver se function.

Step 1. Writey = f(x).

Step 2. Solve this equation for x in terms of y.

Step 3. Interchange x and y. The resulting equation isy = f ~(x).
Example. Find the inverse function of y =

Sol)

Step 1. Writey = f(X).

y=Vx (x=0,y=0)
Step 2. Solve this equation for x interms of .
V=X (x=0,y=0)
ox=y?
Step 3. Interchange x andy. The resulting equation isy =f (x).
y=x2(x = Oy 0)

Tools|2aom|Track|keGrarh Hdth Draw F‘tl‘l '-\..

¥

MAIM RH[I HIJT
Example: For the glven function, f(x) = x2+2(x 0), flndf 1(x), theinverse of f.

Solution: Sincex® =y —2, x=4y-2 (Y=2)
Theinverse functionis y=+x- 2 (x=2)

1:ClrDraw
25 Or-anFunc

252 .
MAIN EAD AUTI : FUNC MAIN ERD AUTO : FUMC HAIM FAD AUTI : FUMWC
Example. y =€ and y = Inx
(sncex = Iny)
a Ye Yoon Hong & Mike Thomas, Page 16 of 50 Introduction to TI-89

The University of Auckland



T Fev T FE h FEv
-~ §—|Zoom|Trace|ReGraph|Mat]
~PLOTS [T -

FAlr UT0 FUNE

Logarithmic & Exponential Functions
Logarithmic functions are the inver se functions to exponential functions.
Let f(x) =2 and f(x) = logyx are a pair of inverse functions.

2 Ca=lntwa (1R ey
[FAIN EAD AUTO FINE AN FAD AT FINT

2°=8 U 3=1log8
10% = 10000 U 4 = 10g1010000
1094 =30 0.4771=loge3
3"=243 U n=log243
a" =xU n=logx (@a>0,a?0)
(the logarithm of x to base a is said to be n)
Logarithms using base e are called natural logarithms, and logx = Inx

Rational functions

An asymptote is the behaviour of a function (or the graph of a function) for extremely large values
of x or y. For very large values of x or y, graph of y = f(x) gets close to the asymptote.

Rational functionsare of theform: f(x) = ()

a(x)
(where p(x) and q(x) are polynomial expressionsq(x) ? 0)
Asymptotes:
ax+hb k
f(x¥) = = +q

cx+d x-—p
(To make simplify divide each term in the numerator and denominator by the highest power of x
which appears)
- Vertical asymptote: x = p, (this is found by equating the denominator to zero and solving
the resulting equation.)
- Horizontal asymptote: y = q, (this is found by finding the limit of the function as x gets
very large.)
- Find the y-intercept by substituting x = 0 in the function.
- Find the x-intercept by equating f(x) = 0, and solving for x.
- Domain: x ? p,xI R
- Rangey?qyl R

. 2X+3 . e . .
Example. Sketch the function f(x)= , identifying all intercepts with the axes and al
X-5
asymptotes.
TEH: H15F-22I:Tr'u l:Fu?:IE I:I:rlu';r PrFsSMII:I l:1-zFuEnTup |TEH! H1EEI;N|EF~I:"IT: IJEI'I:;FlP‘r'FEi'nIIJ E1-2FdEn'IJP
B 0afine fix) =% Oomne
+ .
f(x) = 2x+3_ 18 ., . lim f6) 2 " Define £ =% Done
Xx-5 x-5 L
13 "R =0 S35
" PropFractfi) %-5 17 ®solus(f() =0,  x= - 32
pHopFrac (f (s el f
IMN FAD AUTO FIJ_NIZ 330 HMAlW MTU FIJ_NC 3050
a Ye Yoon Hong & Mike Thomas, Page 17 of 50 Introduction to TI-89

The University of Auckland



T 15|20 em|Tracs|kieGrarh|Hathbraw|Fwn|:2
d
— kd . = .
| ER . .
®ci 5. \ uc:E.lEISEEux =3, w=434,
[FAIH EAD ALIT FIIRE | FiFTH FAD ATH FINL [ELIL] EAD AUTD FUHC
Vertical asymptote: Horizontal asymptote:
y-intercept: X-intercept:
Domain: Range:
Exercise.
2
X- X- 6 . . . .
1Let f(X= “t2 Sketch the graph of f(x) including any x andy intercepts. Can you explain
X
why the graph has this form?
. +3 . . . . .
2. Given g(x) = 2X 53 isinvertible on x? 5, find f ~*(x), the inverse of f.
X -
a Ye Yoon Hong & Mike Thomas, Page 18 of 50 Introduction to TI-89
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6. Transformations

y=f(X) + k K units upward
y = f(x) =k K units downward i |
Y = Kf(x) Verticaly by afactor of k .
Y= (%) Reflect the graph of y = f(x) in o
the x axis N
y = f(X) Reflect the graph of y = f(X) in \\\\vf
they axis
y = f(x—m) Shift the graph of y=f(x), m units
to theright -
y=f(x+ m) Shift the graph of y=f(x), m units
to the left

Transformations parallel to thex—and y-axis
Example. The purpose here is to explain the relationship between f(x), f(x—a) and f(x)+b. Define the

function f(x)=x°.
If f(x) is defined by x? then f(x —a) and f(x) + b are found to be (x—a)? and x? + b by following these
instructions:

[F4 1 f(x)=x"2 [ENTER] [F4 1 f(x)=x"2 [ENTER]

f(x —a) [ENTER] f(x) + b

[F4] 1 a={-2, 3, 2, 3} [ENTER] [F4] 1 b={-2, -3, 2, 3} [ENTER]
The bracket allows us to be enter a number of different valuesfor a or b.

@Tﬂl;élvara ol |ofrer Framiofciean ue| @Tﬂlgré-'br‘aTCFaslvc.TDtm;r*TPr*rgsmIDTCleFaEr: ue

m Define £(x) =x2 Done

= - a) (x—a)2 ® Oefine fix) =xZ Dok
® Define a={-2 -3 2 3% Dore m F 4 b wZ g
" s -2 mDefine b=0-2 -3 2 3 Done

LWer2® (0 3? Geo2)® (x-3 miath  (x2-2 x%T-3 w¥+3 w2433

mTﬂ Fw Y0

1 Fzr B B ) i £ 1 Fewr Fz F4 FEw Far (R
b [ BN e S i lzan|eait] v A1t . ..
aFLOTE aFLOT:
g =0 3] g1
g2=f( — a) 2=l + b

gi= g3=

ad= 9

u5= ug=

U= gE=

ur= gr=

yg= uS=

g9= 9=

gll= gin=
ol o =TEEE =

— T ol O d=Ff (x>

Note that when drawing f(x —a) and f(x) + b the calmgfjlator uﬁgéﬂgeech (;:‘wthe values of a or b entered,
showing the effect of them. We can see that the effect of

f(x — a) f(x) + b
1 Faw | Fx P FEw | FG¥ [F7 i 1 Fzw | FE Fy FE¥ | FG™ TF7 I
- E Zoom|Trace |Rebraph[MatbDraw |- f va Zoom|Trace |ReGraph|ath|Draw |« f
Y d
® ®
| [T TR EUHE [ TR AITD AT

We can aso deal with single values.
e.g. Compare the general functions f(x—2) and f(x) + 2 for f(x) = x°.

a Ye Yoon Hong & Mike Thomas, Page 19 of 50 Introduction to TI-89
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Looking at the general functions f(x—2) and f(x) + 2 we can see that those functions correspond to
the actual functions (x—2) and x? + 2 based on the function f(x) = x?, and the graph shows the
transformation parallél to the x- and y-axes.

1 Fzr F3r Fyr FE Far 1 Fzr Fx F4 FE= Fer s
I' ETngebr*a CalcTDLhePTPPngDTClean UPT va Zoorm Edit.T - TFll ITStgleI'-b:a-s . T
& FLOTS
g l=f(x)
’U§=F =2
1
=
Do Egz
(x - 2)] dis
w2+ 3 3?;:
AT w3 Cxed=F Cx2+2
[T EAL SUTH EURC
Sine and Cosine Function
g Po_
Example. Show that Sn¥x +— ~ = cosx
e 20
1T FiT i FE Far = = = - = — ——— —
Iv 2 |A1d2bra|Cal [0t her Prantofc1e5n Us i rhenEdie [~ Bilstatefn 4. .. [ O[T aceRedraphlHathloroa = & [
wFLOTS
Ful=Fr ) ¢
u2=f % + %]
i 3&
343
= Detine fixl=sinix Dore EE; \
- f‘[x + %] Cosl EE;
= ®
y3Cxd=cosix)
EAD AU EUNC 2750 T EA0 AT EUNC T EAL AT FUNE

Example. Find the difference between f(x—a) and f(x) + b when f(x) = sinx.

1 Fir Fiw Fyr FE 154 1 Fir B e YT
Iv ETngebr*a Calc Ether‘TF‘r‘ngElTClean UpT I'IE ngrérjr,a T [0t e PPngmIDTCIEFaEr: Up - ETZDDNT:’:-?EI: T : T:‘-si
aFLOTS
ol =fe
g2=fx = a)
i i ® Define £ =sin(x) Dorig 3=
® Define £(x)=sinix) Doned lagisd + b =imc:) + by 3%;
™ £ — a) 2inlx — a -1 n OE=
n -1 il Dot ar=
m Define a ={? = Do x n gg=
. m . n Q9=
m F - 8 f-cos(x)  costY {5”‘(*’ 7 Eintats uin=
1 G TR
1 Fir Fz Fu [FE- Fa~ £ - - - B 1 Fir F3 F4 FEr FE* TF7 EE
rul oA AR ST AT ] PR ST R S S P e [Tr e Retr aph[MEth Dra = & |5
FLOTS
1 = E T
uZ2=fix)+ b
3=
ad=
gg=
ye=
gg=
=
alo= w /\//\%
I E ITh)
LIAIN, EfLAUTE EUHL [T SALHUTD [T LL1AI, LAl AUTD 3T
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7. Limits

TheCalc Menu
From the Home screen, press [F3].
Menu Item Description
d differentiate Differentiates an expression with respect to a specified variable
¢ integrate Integrates an expression with respect to a specified variable.
limit Calculates the limit of an expression with respect to a specified
variable

Tofind lim _ox follow the key sequence.

X®¥ X -
[F3] 3 ( 6x)/(x- 2), x, [¢] [CATALOG] ) [ENTER]
The following should appear on your calculator screen.
vj'ETFI1-gFévbr*aTCFaBl'c.TDtm;PTPr‘ngmIEITClearEE a-Z...

. -
ol llm[ — ] &
wrw W E T2

Note: Put both numerator and denominator in brackets.

Example 1. Find lim x cosx

We can get a sense of the limit by defining the function as f(x) and getting values of x near to zero.
Tofind lir x cosx follow the key sequence:

[F4]1 f(X)=xcos(x) [F3]3 f(X), x,0 )

Whenever we change x taking stepsof x closerto  We can confirm our guess by asking for the limit.
0 then the value of f(x) is getting closer to O.

a1 gebralo et ot her PranIojo1eam Up R qebraloaT e DLhePTPPngDTClean qu -11—T2Foz.;m T hce [t sk Math|Or sl e & ¢
W eF1ine F1x) =% COSi ) g

. 196017
®m Oafine Fix)=x-cos(x) Do . @995
. (L2 . 196013 . B45530 /\\
= frL 10 .55 .1
u £7.05) . B45935 .G
m f.01) .61 o
m fC.EO1) .o81 N

el W FE T
TRELE SETUF = Tl —
thlstart: :f | ~ éggs
atbli 2 ] ﬁa:
Graph <-» Tabhle: OFF + .1 . 03395
= Independent.: AUTO* ] 19601
. .3 2865
Ent.er=SAUE ESC=CAMCEL » | -4 EEEE
[IFEREEN | | | .5 ERERE]
x=0.
[T EEL HUTD [T

EAD AITO FUNC HalN EAL ANTO EUNC

The graph and table help to confirm, in other representations, that the function has a limit of zero
when x® 0.
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sn X
Example 2. Find Iixr®r3 ~

This is an important limit, but one that cannot be found by putting x = 0, since the function is
undefined for x = 0.

[F4] 1 f(x)=sdn(X)[xx)

Whenever we change x taking steps of x closer to 0 then the value of f(x) is getting closer to 1.

[F3] 3 f(x),x,0)
I-‘E Rlatbralcaic|other Framiolclean ue

17 5 Faw | FHw FE FE¥
- AlgebralCalc|0ther [PramI0|Clean L 1 Few | F3 Fy FEx [ FG* [Fr
—|Alg -] T 2 T £ e zoom|Tr ace|RetraphMath|orm] -

u Deri _ "L 2) L993347 | ¥
efine fix)=—""T— Do m L 1h . 99a33
B-Eaxtr B LR i)] . 999553
LPAE334 I fLa1) . 999957
- 99958 w0010 1. L Sm— T
29992 e 1im fEx 1|
1. el "
limit(f (x>, x. 0> ucil.
LAIN [T EURT

0.

Eumlmm.hum.—
]
-
.
cn
cn

AT

Jo]ols] -

oo NEEEEE]
Mool EEEEE]
x=0.

T3 EALFUTT TURE
Again the graph and table provide supporting evidence for the limit.
Example 3. lim x*sin —

X
[F4] 1 f(x)=x?sin(x)
[F3] 3 f(x) , x, 0 )[ENTER]

1 Fer Fiv |_ Fiv FE FE™
- E AlgebralCalc|0ther|PramI0|Clean Up

([ y=]

1 Fer | F: [ F4 |F5™|_F&T BN
- E Zoom|Edit| < [AL] StgleTs'-‘:> Bt T
<FLOT= )
- I
g l= 51n[ x]

mOefine £0:) =><2-5in[%]
® lim Fx) o
e]

EUNC

[¢J [ graph]

1 Fzr Fx Fu FEr Far 7
bl E Zoom|Trace |Rebraph|Math|Draw |+

Rl AT

Page 22 of 50
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TE - Fi P2 L T, Tt N - s
LY I T e T 'ETSE'&UPIJE- Tss-s;-" T --:=-=T B .3:.:T
k3 u [ B ul [N i
0. G, [’H 0. 0. o,
-0 s s ] -1 - GESd] . 01 - o1 _E &
1. 241471, c1. 22 -, B384, 04 ) - EH
1.5 1.3913|2. 25 c2. 25 ] e i MEE] EE] . E 6
2. 1.2177|4. = .4 LO95VE[L LE .16 S E-S
2.9 2. 4339]6. 25 ] .5 ey W ] E-S
3. 254483, 5. . i = |
K S.AS2E[12. 25 | -12, 25 i . 45505, 49 -.49 L E-5|
x=0. x=0.
iz EALEITD FURT | AT T AT

1
Example 4. lim sn —
x®0 X

Some limits do not exist. We can build an understanding of the reasons for this.

1 Fer Fix | F4w FE [ = = = - 1 TE ™ ™
A1 3ebralcaTe other [Prantofciean e e[t iceRedrapnmEthloroale & [ || |- imlsetuplis ek
[T H Jui
-1 |.54407
sin{®)
.1 -.5dq
.2 REEEE]
= -, 1908
i} SogdT
.5 ElERS
L& EEREN!
x=H.
A EAL FUTD EIRC

T Lal sl10 EUNL T LAl AUTD T

We can plot the graph and zoom in on x = 0 or from the table we can see that no matter how much
we zoom inon x = 0 values either side are the same but differ in sign. This leads to the idea of |eft
and right limits.

L eft and Right Limits and Differential Functions
We can use the left and right limits to see why some functions are not differentiable at certain
points.
Consider the expression ,
f(t):t - 7t+10
t- 2
Define the function: [F4] 1 f(t) = (1?2 =7t + 10) (5] (t—2)
Investigate right limit: [F4]1 t = {1.9, 1.99, 1.999, 1.9999} thenevauatef (t)
Investigate left limit: [F4]1 t = {2.1, 2.01, 2.001, 2.0001} thenevauatef (t)
Right limitis: [F3] 3f (), t, 2, -1) [ENTER]
Left limitis: [F3] 3f (t),t, 2, 1) [ENTER]

[P Fer [rer Lorw [ re ol rer T ] Fi’wT e rraloote|ot e Prantolclems Ue] | [FL=mT rew [ Fe. T4 [I5TT. rer T i
vamgehpa calc|other|PramIolclean Up rf—|Algebra|Cale |[Other Pranl0jClean Up vEZDDM Edit.| «|A11|Stulef s
Done] |FLoTs
Do LRAES) £-3.1  -3.01 -3.001 -3.00013 -7 m+10
; tE-7-t+10 R Rl
et ) s — e — Done] lapefine t={2z.1 2.01 2.001 2.0001% “”;. w2
mDofine t=41.9 1.99 1.999 1.9999% Done] | 552
Doned |® lim L) -3 943
= FL) £-3.1 -Z.01 -3.e01  -S.eeaid] | b2 EE;
mDofine t={2.1 Z.01 2.001 Z.0001% " lim (1) 3| | Ge=
Done 12" Jg=
.ne t=¢2.1,.2.01,2.001.2. 000> Hlinit(FCt), ¢.2, -1 ) I i ITrE
t1AIM SR AMTD TR A ERD AUTO FIONC Bezn [E1aE AT TS
1™ Few | F3 Fu FEw | FG™ |F7 I T T ) T 3 e
- §—|Zoon|Trace[Regraph|Math|Draw) - f B "ESELUP Cell Header‘TDel Rc-wTIns Row
d 1 3 [
fas) =Bl
RE) 3. 01
L5999 [-3.061
2 undef
7.1 2.9
Z. 01 2,99
2.0l | -2.999
.| s
HOEZ. o w=2 0001
[FIEH RAL GUTD FUHC | FET RAL BT FUNC
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i x> for Xx<2
|

Example 5. Find lim f(x) for the functi =i :
ample 5. Fin Xl@;ﬂ2 (x) for the functionf (X) L6 % forx32

Define the piecewise functions by using the following instructions.

[F4 1 f(x) = when(x*,x <2, 6—x ) [ENTER]

Investigate right limit: [F4] 1 x ={1.9, 1.99, 1.999, 1.9999} then evauate f (x)
Investigate left limit: [F4] 1x ={2.1, 2.01, 2.001, 2.0001} then evauatef (x)
Right limitis: [F3] 3f (x), x, 2,-1) [ENTER]

Left limitis [F3] 3f(x),x,2,1)

A1 gebralosle |0f fer Pramiofoiebn Up

" Define f(x) ={§_’:,<Ef-se

WDefime x=£1.9 1.99 1,993 1.99933
Diarue,

"R £4.1 4.8l 4081 400013

WDefine x={2.1 2.01 2,081 200813
Done|

e £3.9 3.99 3.999  3.99993 v

£ (x>
HiIN FAE AITD FURE 750 FRIN FARE_ALTE FURT
LAY EAD Al

lﬁ TrzTrsTruTrsTrsT]
vﬂ Setup|Cell [Header[Del Row|[Ins Row
3 ul
J.61

1.99 39601
1.999 3. 996001
2. 4
2.1 S
2.01 3e
2.1 3
2.0081 |3
x=1.9

MAIW FHD AUTO FUNC

Dore

Exercise.
Using the symbolic, graphical and tabular representations find these limits if possible.
2 -
1. i (3x- 1) 2. lim XFox- 14
X® 2
3 i ai+16x 4 : X (X£0)
. Im —= . =
x®¥% X2 X 7

x?- 2x-3 (x30) )Igof(x)

5. lim |x]| 6. lim
x® 0 ®-3 X+3

Techniquesfor finding limits

€) Numerically (substitute numbers from both sides)

(b) Direct substitution

(© Algebraic Cancellation then substitution

(d) Limitsasx ® ¥ (divide top and bottom by the highest power of x)

Summary table for common cases if you substitute first:
Result when substituting Conclusion

Sensible answer This is the limit

number t O Limit does not exist

0 Limit=0

0 Factorise, cancel, and try again
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8.  Differentiation

We can get the calculator to differentiate directly and give the answer:

To differentiate the function y= x* - 3x+ 6 follow these key sequence instructions:
[F3] 1x*-3x+6,X)

The following should appear on the calculator display.

F1 ‘|’ Fa¥ G FE F&
- E Algebral|Calc Dther‘TPr‘ngDTClear‘ a-z..

BN Lo:0

Notes:

We type comma x at the end of the expression because we are differentiating with respect to x.
There is no need to type in the multiplication sign between 3 and x.

All expressions are enclosed in brackets.

Exercise
Find the derivative of each of the following functions using the T1-89
1. x> +5x%° 2. 20x° +9x° + 52 3. (x—6)(x+5)
X?-9 5 e 6. 2x°>sn® x- cos(2x - 1)
- x+3 T3 -1
7. 3% Inx 8, % 9 ¥9x2 - 36
X
Answers:
1. 15x% +2x 2. 27x% +160x7  3.2x-1 4.1
- (9" - 26 6. 28n(2x- 1) +4x%€n (x) cos(x) + 6x° (N (X))
(3 -1)°
7. 6xIn(x)+3x g 0 9 3X
- X T WXP- 4

Example 1. Find the derivative of f(x) = x* at x = 2.
We can do differentiation from first principles by using the ideas of limits we have devel oped.
Method 1.

[F4] 1 f(x)=x" [ENTER) [F3] 3 r(h),h,h,0)[[]x=2[ENTER]
In this method we use the calculator functionr(h) | [F3] 1  f(x),x)[]|]x=2
(i.e. rate of change) at the point x = 2: We can confirm our guess by asking for the limit

Whenever we change h taking steps of h closer to | and differentiation.

0 then the value of f(x) is getting closer to 4.

A e T S T |n1 gebraltale [other Franio|clean Up
mOefine == Do

® Define fix) =x2 Dons LR ] 4.1

= O=fine rCh) =w Dong "Gl 4.01

® Oefine =2 Dok .P(.-Elmj #.001

=ri.1) 4.1 'hl_)lgu r(h) o

m . A1) 4.0 a4

L B0 4. 081 = L ) 4

R¢D.00O1 >

L AL ANTL EUHL 200 SALAUTD FUHC B/50

T2 +h -T2
Thustherate of change at x = 2: lLQ?J H = f§2) =4.
Method 2.

In this method we use the calculator function r(x, h) (i.e. rate of change) at the point x = 2:
Whenever we change h taking steps of h closer to 0 then the value of f(x) is getting closer to 4.
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Fi-] Fz= [Fi~| Fu~| FE FE~
Tools|AT3ckra|Calc|Other|FramiD|Clean Ur

B efine =) =::{2 Dore
" Define rix, k) =Lh}i"‘cb

Done
B, k) 2w+ h
MAIN FAD AUTO FUNL

ZH0
1 Fex 1 F3 F4 A N ]
- E Zoon|Trace|Regraphifath|Draw|« (f
FLOTE
“ul=tx, 1
YUZ=P(H, W D
BT e LR |

ucid, a0l
o
Y

Example 2. Find the derivative of f(x) = sinx

FEr

Fi"ﬂj Fzr Fz
- {—Tz

AFLOTE

“gl=rix, 1)

BT vl |

3=y, . 1)

wigd=pl, J010
Mol |

Qo TraceTReg:-rllaphTNath D:“E;w v? f]’

ycid. 0el

ELHL

.95

~3. 299

-1.399

o))

2,00

4. G

6. 00

2,00

10, a6l

Dor
LRI 3
299953

1.
1

1

cos(0) =1

= cos(X)

Method 1.

 |m1 sebralcEicoffer [Pramiolclean Up

m Oefine fix)=sinx) Do

® Define rik) =w Do

® Define = =0 Do
LA -t

m L @10 399927
i 01 1.
ri0.001>

L1 TG EURT B30

d . sin(0+h)- sin(0
Y _ o) =1im 3O - Sn0)
dX h® 0 h

d . sin(x+h)- sin(x
B _ gy = fjm INXEN - SNCO
dx h® 0 h
Method 2.

1 Fzr F3w |_ Fuw FE FE™
- E Algebra|Calc|Other|PranldjClean Up

B Oefine f(x)=sin(x)

® Define r(h) SRt Rl kit ] hli: shit)

= ik

= lim rih)
ki

Sinfx + hi — sinC:)

Do

Do

h
COS

R AT

EUHE 020

Example. Find the derivative of f(x) = x"

This example can be difficult from first principles if students do not have access to the binomial

theorem.

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 functions, x, x?, x, X*, x'°. If we define the sope function slope(h) as the
average rate of changed, then we can see that the derivative of the functions are 1, 2x, 3x?, 4x3, 10x°

as follows:

ELMC 8.0

LT Few Fzw 1. Fur FT FEv
= §=—|Alaebra|Calc|Other [PramI0[Clean Up
m Define rih) SRt ik L€.7) hl,?l mhit

Do

w ChD 5in(x+h|£:—5in(x)

®m lim rih)
b+

m L (r0a)

d<ECo 0 I
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EUNE £/20

Fi~] Fz= |Fi=| Fu=| FE Fi~
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Tools|AT13ebrafCale|Other |FrdniD|Clean Uk
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" Define f(x) =x" Dot
#0efine n={1 2 3 4 1

Dok

LR ¥¢-9]

LR
L ><2 ><3 ><4 xlE'} £l

BOefine rix,

S Ed Ehni ]
F(><+h)—|-"
[

hi =

Oone

Zowth Ixf+3henk

B, b

d+h? 4 xS+snxZegap
B lim i, k)

b+

£l 2w
AOfCad, wd

|
il 40 | |MAIN

KA AUTO FLMC
— —

FAD AUTO
—

FUNC

LT

HMAIN FAD AUTO FLUMC 1’6 |
b —

p——————————————————————————————
Fir] F2- TFZr| Fi-| FE Far
Tools|ATdcbralCalc|0kher |FEamI0fClean Ur|

T ITT TR IS

h+0
£1 Zox 3% 4w 1k
v roa)

T-x2 d4-x7 10k

e

FLUMC RELTT
—

Defining the rate of function r(h), we can get that the genera derivative of x"isnx "* asfollows:
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1 Fz' Fz Fy FE [
- E F|1guz-vbr*aTEm’Dtl"u‘nz'-r*TF‘r*gmIIZITClnz-amT Up
W Dafikne £x)=xn Dok
fix+ hi = =)
h

® Define k)= Dok

®m cxpandlrthi) —F TR

m lim rChd e
b+

limit<r<h>. h.0>

FIAIN EAD AUTD EUNC 4750

Th d fax) =i
us — = fx) =Ilim
dx he 0 h

Differentiation Formulas

(x+h)"- x _

1 Fer Fiv 1 F4v T FE ‘|’ FE™
-E Algebra|Calc|Obther|PramI0|Clean U

o |
1[=To?

letine rih1=

® =xpandd g ko

= lim rih)
k0

PO

h

et w0

SO0 ) N

EUHL 000

n-1

=nx

f(x)

f€x)

a) f(x)= c(cisconstant)

b) y=x"

¢ y=c: f(x) (cisconstant)
d) y=f(x) +9(x)

f&x) =0
y¢=nx""
y¢=c: f{x)

ye¢= f €x) + g&x)

Product rule

Where y = u:v anduand v are both functions of x, then:

& _du
dx dx dx
or

y =f(x)g(x)

ye= f&x)g(x) + f(x)gkx)

Fi T Fz¥ ]’ r:v]’ i FE FE™
X E AlgebralCalc DLher‘TPr‘ngDTClean Up

'%(F(XJ-Q(XJJ

EUNC 1.0

Example. Find the derivative of the function y=(x* +6x)(4x- 3)

|’F1 T Fiv TrsvT FuvT FE T FE™ T]
- E Alaebra|Calc |Other |PramI0Clean Up

I’Fl T Fzr Trzv]’ FHYT FE T FE™ T]
b E AlaebralCal c|dther |PramI0Clean Up

l%[x2+6-x]-(4-x—3)

'[><2+6-x]-%(4-x—3)
B (M BElI+ 2+ 3104w -3
122+ 425 - 18

2 0x+3(d4-x-3)

43 (x + 6]

'%(F(x:l-g(x)]
%KFCX))'Q(XJ +%(9(x)]'f‘(><)
1222 +42-% - 18

l%[[x2+6-x]-(4-x—3]]

ans(1)+ans{2) B 2Hhu I ¥ An—3 D . x)
FAIN MTH FUMC %/%0 MAIN MTU FUMC /30

Exercise. Differentiate the following using the product rule.

Ly=(=3)(x* +2)

3.y= x3x

Quotient rule

2x +1
2.y 2
X
4. y=+x(3x2 -

u
Where Y=— and u and v are both functions of x then

Vv

1)

a Ye Yoon Hong & Mike Thomas,
The University of Auckland

Page 27 of 50

Introduction to TI-89



" du - U v 2 |n1sebraloaic|other [Prantolclesn Ue v{—LgEgebra Calc DLher‘JPr‘ngD Clesn Up
A dx dx a1~
= 2 Lrrca (ool fo
gl)f \ -c,omDenom[ n’.xg(xjx = n‘.x[g - j2 -
=l
f(X) (g(x)?0) 2 [ Fix F(F00)  F(a00) F00 L pea- gt - L(a00)- Fu
a(x) H[ g(XJ] 300 g2 {atn?
yo= ¢x)g(x) - ( )g&x) e e
{g(x)}*
pf)
f(x
y=10 = £ (g0
a(®)
ye=f €x)xg(x) - (x)*g(x) *xga(x)
_ fax)  f(x)>xgqx)
2
9(x) g(x)
_ F&x)xg(x) - f(X) g%x)
9(9)’*
Example. If y=
y= 3)< 2
L qebra|nale [0t her ppi_fmm 1ty ug] | e finr e ST e e om0 1 e Ug] |
" Define FEx)=x2 Done TR S
slefine alx) =3-x -2 Daone| l2-x-[3-x—2)—3-x2 w[Few—d)
s—Lireo) et 2wrzx-20  |a ><":3'><‘24J ><"13'><—“‘?J
S —(g(x)) L 9= [(3-x-2)
i[f‘(x)] ®[3-x—d4)
B2 (Fox— 2] - Feoxl % (3% 4) 9l (3212
ECE C0) /g . x)
| RI'!D AUTO FUMC 5/%0 I'iﬁ[l AUTO FUNC 7/%0
Exercise. Differentiate the following using the quotient rule.
x-1 2 _
1. y=2—= 2 y= X - 6X
X+3 Xx- 3
3
3 y=XX

Chain Rule
Composite Function
If y=f(u), u= g(x)
then ¥ _d AU o fqg(x) g x
ol %9(x)) 9% x)
= dy _ —
y=T (ax+b) dx af §ax + b) i ln1 sebralcale|other Pramiolc1e5n Up

= " dy
{0} .

y =n{ fOR" f&x)

] %[EFEX))”]

(o)™ T L (o) n

dCCF Cxd D% n, w0

MAIM KA AFFROY

FUMC 1.0
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Example. If y=(3x+2)° find %’
X

1 Few F3w 7 Faw T FEv
- E Algebra|Calc|0bher|PramldClean Up

B Oefine =) =><3 Dane
Bhefine ai=) =3 -x+ 2 Dore
" (3o + 27
=L (f(aCam) 3-(3x+2)7
ECE Cgtad), D

HAIN EAD_AUTD FINC_ 4730
Exercise. Differentiate each of these.
1.y = (7x+5)°

3.y=(7x=x%)?

3 1
5. v=(Sx - 52
y(5x 2)

2.y =(4x® + 2)°

4.y=(ax + b)®
4
6. v=
y X+3
8. y=(x+vx)*

a Ye Yoon Hong & Mike Thomas,
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9. Finding the tangent line at a point on curve

To Find the equation of the tangent to y= x°
(I[y=] x?

[¢J] [Gaph] [F2]

1«] Fer| F= (3]
Tools|Zaam|Trac|RsIrarh

ax=1
4

[ F5] A:Tangent

Faw [FP=f5 i
DFaw|Fgn|:-:

ITMHMinimum

diMaximum

St Intersection

gilerivatives #
PIF G dd

FAD AUTO FUHC

Tangent. at?

HIDE gci 1. 269185

MAIN RAD AUTO FLUMC

Exercise.

Find the tangent line to a curve.
1.2%° - x- 15, ax=-1
3.2x*- 6x°- 2x* +6x, ax=3

Answers:
1. y=-5x-17
3. y=48x-144

The Increasing/Decr easing Concept

2.2x3- 4x%- 6x, ax=-2
4. - 2x" + 3 +17x% - x- 15, at x=3

2. y= 34x+48
4. y= —88x+264

The increasing/decreasing concept can be associated with the slope of the tangent line.

1. Atapoint (at which f is defined)
()
(k)
2. Onaninterva (onwhich f is defined)
1.

Increasing

7

2.

If f €a) > 0, then f isincreasing at x =
If f €a) <O, then f isdecreasing at x =

a
a

If f €a) > O for al x inaninterva, then f isincreasing on the interval.

If f €&) <Ofor dl x in aninterval, then f is decreasing on the interval.

Example. If f(x) = x® + X2, isincreasing or decreasing at x = 5?
Find the intervals on which f(x) is increasing or decreasing?

a Ye Yoon Hong & Mike Thomas,
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T Fev

FEw

FB™ 7

1T _Fev

FEw Fa™

F2 4 F2 &l 7 i
+ f|Zoom|Trace |[ReGraph|Math|Draw|~ v f=—|Z0oom|Trace |ReGraph|Math|Draw |« f;?
AFLOTS AFLOTE
«’géfx3+x2 ng=x3+x2

5 euz={u10)

ud= =

Ug= 34=

OE= 5=

yr= 96_

Q5= €982

= ur=

uiE / ag=
THIN FAD AFFROG FLNC HRIN FAD_AFFRON FLNLC
c2. -4, .
=15 . .

I i. 75 5.

1= 12, 1.

|| I6. 33,

| |[ER 50 SE.

15 150 5.

|x=0.

AN FAD AFFRON FUNC

First Derivative Test

Let c be acritical number of f and let f be continuous on an interval containing c. Then (c, f (c))
isarelative maximum point provided that f ¢(x) > 0 isan interva to the left of cand f ¢(x) <0in

an interval to the right of c.

Let c be acritical number of f and let f be continuous on an interval containing c. Then (c, f (c))
isarelative minimum point provided that f ¢(x) < Oisaninterva to theleft of cand f ¢(x) > 0in

an interval to the right of c.

Maximum

dy_
‘/dxo E

dx

D wMinimum
L

/

To find Maximum & Minimum Values:
1) Findcritica points( f¢x)=0) ®
2)  Substitute into f(x)
If fd&x) changes

X vaue

Maximum value
Minimum value

+ ® -
- ® +

Example. For f(x) = x3 —x, find maximum and minimum values.

1 Fir Fz Fu FEw 7
bl E Zoon|Trace [ReGraph|Math|Draw| -

&FLOTE
“Hl=x3 by
uz=
ya=
ud=
y5= /

AF FROR

¥ Faw Fz Fy FEw Far 7
bl E Zoon|Trace [ReGraph|Math]Draw |-

&FLOTS

Vl=|1=x3 -

“92%(9100)
uI=

aFLOTS
"'=|1=x3 Fegth s

“92%[91(@]

HiIH FAD AFFREOY
b ——

FLUMC

gq=
u3=
g&=
dur=
ug= Maxinum
el R T o] Yol . 3549
PN AL _AFFROY FIUNC
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1o _Few T F3 F e T G2 FIw T Fuw TE o
x f—|7oon|Trace [ReGraph|Math|Oran [~ - E AlgebralCalc|0ther|Pramld|Clean Up
FLOTS
~/'=|1=><3—>< = [efine f‘(x)=><3—x Oone
d ®zoluelf(x) =0, =)
=2 g soluedfix s
= dxtg G ¥=1. or ®x=0 or x= -1.
uz= i z
4= 1 oL (p) T.ox2- 1.
3%; lsolue(E.-xz—l. =B,x]
ug= Minimumn ¥ =.37739 ok ®= -.57F35
HCE L DTS yct -, 3849 1..,&(3_“3(1):9')()
[ FIAIH Rl AFFROH FUNE HAIN RAD AFFEOY FONE 5730

f(x) - /

(e The derivative can be zero without there being a relative maximum or relative minimum.
Example. f(x)=x>—3¢+3x -1

|‘f1 Trzv]’ FZ ‘|’ru Trs-T FE™
vEZDDNEdit < [A11]5tulef T ]

Inflection
2O =d(ul (D x> xcil, il

d .
FARIN FAD_AFFRO FUNL HRIN FAL_AFFEDY FUHT
_—--— — e

|’F1 T Fiv TrsvT FuvT FE ]’ FE™ T]
- E Alaebra|Calc |Other |PramI0Clean Up

B Oefine FCx)=x3—3-x2+3-x—1 Donel
Benluelf(xi=0, x) x=1.
s (00 <
lsolue(3.-x2—6.-x+3.=El,x:| x=1.
lue Cans(12=0,x>

TN Finl AFFROR FIORE G750

Local Maxima and Minima
Example. Find all local maxima and minima of the function g(x)=x>-9x*+24x—7 and sketch graph.

1 Fzw Fz= Fy= FE (154
bl E AlackbralCalc|0ther|PramI0fClean Up

B efine g(x)=x3—9-x2+24-x—? Done|
ot Zoowd - 13w+ 24,

'sc\lue(S. w2 - 18, w4 24, =EI,><J

#=d4., or x=2. Max i mum
sulue(a.ns(1)=l3.x) WoEZ, S ucii3.
FMAIN EAD AFFROY

B —————————

FUMEC 2730 HAlH FAD AFFROR FUHC

i i e
xoid. \"'-'J/

yci9.
mN RAD AFFROR FLMC
a Ye Yoon Hong & Mike Thomas, Page 32 of 50 Introduction to TI-89

The University of Auckland



1 Fzv
- E FafuTul ]

F2 4
Trace |RelGraph|M

FEw [ FBY
=t b Dz

Y

Inf‘llec,tion\\.__,_r’
HCi3.
[

ycill.
FRD_AFFROG

FLUMC

13 [r-ememnen

219
11

/ 2 3 4
X -¥ . 2 3 4 . +¥
&) I I I I
a(x) -¥ 7 13 AY] 11 Y] 9 7 +¥
Concavity
Concave up — if acurve lies above its tangent
Concave down —if a curve lies below its tangent

Concave down

Concave up

Point of I nflection

/

Any point at which the graph of a continuous function changes concavity

Point of Inflection (P) = Concave up + Concave down
Relationship between fax) and point of inflection

f &x) = 0in the point of inflection

\

|
\. _ /
= =
\ Cocae -+~ Concave ., /
\ < ., Cocave /
\ Up r'r,/ Down \\\ b/
\ J
v SN, A
S m_d ~..
Inflection
Exercise.

e

Find the regions of concavity for f(x) =L o+ 2

a Ye Yoon Hong & Mike Thomas,
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10. Integration

I ndefinite integrals

ed) Evaluate (x*dx using the TI-89 by following these steps

[F3] 2 x*,x, c) [ENTER]

The [, ] tells the calculator to integrate with respect to x
your calculator screen.

The following should appear on

Fir| Fer Fyr | FE Fa~
Tuals|Al1dckbra Okher|FrAmIO|Clean e

1:d( differentiate

slimi
0 oEum

Mo product
fiing
FMax:
Jarclent

3
5
=
T
2

Fir] F&r |Fi=]| Fir] FE FE~
Tools|AT13cbrajCalc|Other |FrImi0{C1zan Ur

JOb AT T A
MAIN FAD AUTO FUHC /40

MAlH  RAbADTO FUHL 100

Exercise.

Work out the answers to the following.

1. ¢ X°dx
3. ¢ (x+3)(x - 17)dx

2. (’2x3 - 3x% +5x

2X% - 4X
4, & dx
2X

Find an antiderivative for each of the functions;

- NG 6.-e™
T J2x
2 _ -4x _
7 tan. x-1 8. 2e _ 1
9n X 3
Answers.
x* Xt
1. — +c 2. — - X +5x+c
4 2
3 2
3. X . 7% - Blx+c 4. X Cox+c
3 2
5 e 4
- 2 6. +C
5. %+c 4
7 cos xIn (Jcos(x) +1)) - cos x:In (Jcos(x) - ]J)+2Jr c
' 2co3(X)
- 6X 4%
8 e (3™ +2) ‘e

18

a Ye Yoon Hong & Mike Thomas,
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Definite Integrals
Evaluate the definite integral (02 x*dx by following these steps
[F3]2 x*,x,0,2)ENTER)

0= lower limit 2 = upper limit
The following should appear on your screen

T o B & FE F&
had a ngel;r*a Calvc, Dt,hz-r' Framl0Clear a-z.

L} S[xz]dx 8.3

Exercise. Work out these definite integrals

1. (2 x3dx 2. (‘_122x3 - 3% + 5dx
17 2 _
3.¢.(x +3(x - 17)dx 4 c‘; 2" - AX 4
2X
5. &y sin(x)dx 6. &y cos(x)x
0 - 2X - 10
7. €8
0,8 & gdx
Answers.
1 8 9 3 3, 24000 43
4 2 3 2
5_@ 6.£+1 e 3e* - 5 +2
2 2 15

Definite Integrals as Areas
A definite integral written as (‘:f(x)dx finds the area between the curve f(x) and the x-axis,

bounded by the linesx =aand x = b.
x = aiscalled the lower limit and x =b is called the upper limit
An aternative method to calculating definite integrals is to graph the function first and then use the

¢ F(x)ax facility.
Wewrite (‘:f (x)dx = [F(x)]:1 = F(b) — F(a) where F(x) is the antiderivative of f(x)

; . ; :
Areafrom ato b =F(b) —F(a)
Total areais C:f(x) dx = [F(X)]z: F(b) —F(a)

Follow these instructions to find this definite integral (25x + 20X.

This method uses the graph of f(x) to show the area represented by the integral and numeric
integration to calculate it.

a Ye Yoon Hong & Mike Thomas, Page 35 of 50 Introduction to TI-89
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Blly=] ¥ [F214 [F5]7
Note : Only the x value of the lower and upper limit needs to be typed in. Ignore the y-vaue.
The following should appear on your screen.

1T Few [ F: [ F4 ‘rrsv FEw 1. P 1T [_FE¥ | FE F4 FE= | F&* |F7
0 it 1 Fzw F3 F4 FE™ 7
:PETZDDNTEEhLT ~ |AL lTSt.gleT. e, . T - {—TZDDN Tr‘aceTReGr‘aphTMathTDr‘auT:- fT Y E Zhom|Trace Retraph G f
ul=e 4 2 1:lalue
fZero

3%2. JEMinimun

gd= 4iffasinum

g5= St Intersection

Q&= &2 orivat ivecr

Bg: f It lection

8 ZiLtance

dglp= g: Hrcg
2 {xd= Ci Shade

TAIN Eal AlTO FLURC

AT _FE™ [ Fx i FEx  F&* [F7 AT _FET [ Fi Fi FEx | F&* |F7

» f==|Zoom|Trace |ReGraph [Mat.h|Draw |- » f==|Zoom|Trace|ReGraphMath|Oraw |- ﬁ 1T FEw | F3 Fu FEx | FE¥ F7
+ 1 1 v fo [Zoom|Trace |[ReGraph |Math|Draw |«

Upper Limit? Lower Limit?

Ptk | ycid, 10084 HCEZ o i, 08403 Ifide=16.5

AL EZACT T3 [TI) AL EHALT T3 [ZF EAL_ATH ELHL

[T
Exercise
Follow the above method to represent these integrals as areas between the curve and the x—axis and
calculate an answer for the definite integral. Use y1= each time.

2 05
1. CX- 2dx 2. (X + 3xdx
3¢, (x+3(x- 2 4. ¢ 4- X2
5. (134 x2dx

Answers:

1. -8 2. —45 3. 2.8% 4. 10.67

5. —0.666667
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Area between two functions

Area= (‘i{ f(x) - g(x)}dx

y=fiz)

rf - I I b

Examplel. Find areabetweeny =x + 1andy =x*—1

S= (_21{(X+1)- (x*- D}dx = (21( X+ x+ 2)x = g =45

For functions with complex intersections we can use (‘b | f(x)- g(x)| dx

?1"-|[|T Fev T Fz T Fy T FSvT FE™ ?? T 7 FTTT_WTT—. = -
+ §—|Zoon|Trace |ReGraph|Math Draw| P’? -1a zE.ng Trf;.;e Reéﬁlaph Mrasth D:wsau v? f
AFLOTE AFLOTE
wgl=m+1 Flaot 1:

H%f ul=

3‘% “3%32 -1

ga= 4=

Tfixad==d4.5 SfCade=-1.22e-14
[T AT T ELNE,

1 Fzw Fz [E] FE* Fe™ 7
- E Zoom|Trace |ReGraph MathDraw{-
aPLOTS
wutzler 1= (=2 - 1]

0= J‘f‘(x)dx=4t. =]

LA A0 AUTD AT

Fer Fiw Fyw F& Fe
- E AlgebralCal c|0ther|PramI0|Clear a-=z..

-Jz_l[xn—[xz—i]]dx 9.4

& D T FUNC 1,50

Example 2. Areabetweeny =2 + 4x —x? and y = 2
F

T\
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S= (’04{(2+ 4x - xz)- 2}dx = (04(4x- x*)dx = %

1 Fer Fz Fu FE* [ T 1 Fzw Fx [E] FEw Far E
- E Zoon|Trace|ReGraph|Mat.h|OFaw|« fv - E Zoom|Trace [ReGraph|Math|0raw |«
AFLOTE 2 AFLOTE
= Ca— “yl=2
waé=2 +d-w—x =
g3= yi=
d= ug=
y5= g5=
b= 0E=
gr= gr=
Ugf Ugf
475 IFOOdLS. 867 Hin= [y
[LAIN EAD AUTD EUMC I
1 Fzw Fx Fu FEw Faw 7 1 Fz= Fz= Fyr F& Fa
- E Zoon|Trace|ReGraph|Mat.h|OFaw] - vE AlgebralCalc|0ther|Praml0|Clear a—=z..
aFLOTS
wul=lz 44 -2 - 2
2=
yi=
ud=
o=
uE=
ot 4 2
g= -
9= 1P GORe=18. 6667 .ID[2+4 x - x? - 2)ax 323
— JOC2+dw—x"2)2-2 . x,.0,.4)
1A £AC AUTD ELbe LAl EAl AT EUHC T30
Application
~ 4 2 ~ 2 2 - ~ 2 2
Example. Compare ( (x- 2)°dx and ¢ (X* +2)dx with ¢ X" dx
2 0 0
i@TzEzo'm 1 2celReiraph Mathoral« ¢ |1 .1ET2FDEJnTTr~F§ceTseGF:aphTmrasﬁ'h SN [ oy S W A A L
o . 11v
£
=
THO)Ax=7, B5667 ~ T2, BEBET ~ e “
L o [FE i AT EI (G i BT TS
Exercises.

1. Find the area enclosed by the curve y= 25- x* and the x-axis. Sketch the graph and shade in
this enclosed region. Write down the calculation you need to do to work out the area.

Hint : Use[¢] [ F2] to adjust the window range for y-max

2. Find the area enclosed by the curve y= x*- 4x- 5 and the x-axis. Sketch the graph and shade
in this enclosed area. What does the negative sign indicate?

3. Find the area enclosed by the parabola y= (x - 2)°, the x—axis and the line x=4.

4. Find the area bounded by the curve y= x* - x+2 and theliney = 8.

5. The function f(x) = x(x +1)(x—2)

a)
b)

C)
d)
6. a)

Find the area bound by the curve, the x-axis and the linesx = -1 and x =0.
Find the area bound by the curve, the x-axis and the lines x =0 and x = 2.

Calculate ¢ x(x+1)(x - 2)dx.
Explain why the answer to c) is not equal to the sum of the 2 areas found in a) and b).
Using f(x) = =3 + x® + 2x and f(x-a) for a = 0, 0.5, 1, 1.5, 2 show that (‘l;‘a(x- a)dx is

constant, and find its value.

k
b) Find aformulafor ¢ (f(x)+b)dx and demonstrate it graphically.
0
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Answers.
5
L (25- X'dx =166.667

FExr | F3 FE™
- (— Zoom|Trace ReGPaph Mat.h Oz |+ p’?
AFLOTS
Flot 1t

S ddn=1E6. EE7)
LIfIN Eib E6CT AT

2. ( (¢ 4x- BYix=-36
Area=36 Negative indicatesthe areais below the x-axis

FExr | F3 FE+ | FE™ Fer
- l— Zoom|Trace REGPaPh Mat.b Oz p’} - !— oo Tr‘a-:e- ReGPaph Math I:Ir*aw - /
aFLOTS aFLDTE
vul=x? -4 -5 Plot 2
g%f wul=x? - 4% -5l
4= u2s
3= =
= yd=
e e
gg= q5=
3= aF=
i ug= I ide= tE-
[L16H EAD AUTD EUNC [T AL EChiT EUNC

3. ((x- 2'dx =267

1 Trszr3 T F4 Trs-—Trsv?? T g
- E Zoorm | Trace [ReGraph|Math]Draw] - /

aFLOTE
Flot 1:
ut- 2)?
o=
d3=
Jg= \

ag=
SF O =2, BEBET
5 T T AT
. 2

4. Area= 2{8 - (x* - x+2)}dx = 20.8333

« | zbanfedit| v (11 [statel .. | v £ |zoom|Tr ace|Redr aph|nath|prauv ¢ [
LFLOTE m
eut=ls - (22 - w+ 2|

Jz2=l

di=

ud=

4o=

JE=

dar=

J5=

J3= "
w2 (= JF Cedw=20. 8333
FETT EAE AT AT i ER BT EUAC
5. a) 0.4167 b) —2.667 c) 225

d) Integral does not always equal area. Integrals can be negative. Areais aways positive.
Area= 0.4167 + |- 2.667| =3.0837

1 T _Fiv FE» Fa* 7 1 Fzw Fz F4 FEw 5 7
- {—TZoon Tr*ac,eTReEr‘aphTMaLh Dtz |~ /T - ;__ Pil] SR SLE Reg,naph (A I 1 f - E Zoom|Trace [Rebraph Math|Orzw| -
aPLOTE
wgl=wc(x+ 1)-(x - 2)

uz=

9§=

Q4=

o5 A

= / 7/

gg=

g3=

Ll A= JE =, 41666

[ L IF O s -2, BEEET PF s -2, 25
W W (L16IH EALAUTD EUNE
FB¥* 7
- {— Zoom|Trace|ReGraphMath|Draw| - f - {— Zoon|Trace [ReGraphMath|Draw] -
AFLOTS LFLOTE
igl=w-[x + 11 M " ul= .
2=l . . 2= (x4 1) (% - 20 .

yi= [ I 3= .

ad= - [ ud= .

ug= EE:

ug= -

ur= 7=

2= ug=
d= / g3z IR Cxddx= - 03333
== T AT [ L T T

a) Define the function f(x) = —x3 +x* + 2x anda={0, 0.5, 1, 1.5, 2} . We can see that f(x-a) is
transformed paralld to the x-axis. When we look at the (‘hfa(x - a)dx along the diagonal of the

a Ye Yoon Hong & Mike Thomas, Page 39 of 50 Introduction to TI-89
The University of Auckland



results, then the values are all the same, that is;
Cf(x- 0)ax=¢ F(x- 05)dx =¢ f (x- Dol =¢ f (x- LE)dx =¢ f (x - 2)dx =13/12=108.

F1 Fir Frv | Fyr FE Fiv
- ETngebr*a Calc DLher‘TPPngDTClean UpT

mDafime £(x)=-2° +x2+2%

Dore aZ=Fx = a)

m Define a=<{0 .5 1 1.5 =23 Done 13-12 1.83 19712 -.417 -59-12 32:

= Fis - al L8837 1.88  1.83 1.58  -.417 9=

{owBanZazn x-.91(x2-2. -1} -5£12 ,883 13412 1,83 1912 s

- gig=

_J‘l Foad 13019 333 .417 .@33  1.88 1.83 2=

9 3I7-12 L 3I3T  -5-12 L083 13413 ain=

FOFCed . 0,1 JCFCx—a),x,.a,.1+al wl Ged=F (x>

LIGIH Lol U] EURL ) LR EAD_OTD TR T EALEUD EURE

1 FEY T r3v‘|’ 5 T FE 5
va Alaebral|Calc|0ther Pr‘ngDTClean Ug

Fir

(LR - avan

i F: TF4 [FE¥|_FE™ ii
vETZoon Edit| TF!ll Stule|f s . o T
JL{ITS

B

N zhan[r i e Redrapnln

FE»

FEw

Crnlormls & [

SFCrdw=1.03

\

ALLil, EALSUTL

T

e e |Tr scelRetraph[MathD

FEr

=1 v? fT

(R EAU ST

AT

b) If we define the value of b = {

1 Few | FE i FEx [ FE™ [F7 i
- E 2oom|Trace|ReGraph|Math|0raw]» f

1 Fzw Fz F4 FE¥ FEv 7 Fi
b E 2oom|Trace |ReGraph [Math [Draw |~ f

AR

AN

RAC FITD e |

i T I o e A

1Ak

H

EAD AUT] EURNE IFlSE |

[LIAN, GALALTD, AT
0,05, 1, 1.5, 2} then f(X) + b is represented by:

CHR+HXK XX+ X+ 05,3+ X+ X+ 4L, 3+ + X+ 15, X +xXC+ X+ 2.
From (‘:(f (X) +b)dx we can see that the values of 0.5k, k, 1.5k, 2k represent area of the extra
rectangle that is created as shown below.

i A A A e T |

®0efine b={0 .3 1
=)+ b
3 2

IJ;(FCXJ+ b

4 3 4

4 3 )
{k+k—+k2 k+—

1.5 2}

L S R R e T

K3
3

+kZ+.5-k P

Dons

- b

L _Few T F B
A .

JCFCxd+h, x.0.k>

B

e el aphMath|ohm = & [

A~

2 Cxd=F Cxd+h
& Kilf AT TS

LIAIH SR AL EUHE

1 Fzw | FE 4 FEw | Faw |[F7 EE]
'E Zoom|Trace|ReGraphMath(Draw|- P’?

1 Rl LE Fi FE* [ FGv [F7
- mTZoom TPaceTReGPaphTMath Dttt |+

=413

L

X . Y
N Al
by X

AT

i

S ixddx=1.08
(LInIE

il T I
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11. Matrices

A matrix is ssmply a convenient way of storing datain an orderly number so that we know the exact
position of any piece of data by reference to its row and column.
A matrix is a rectangular array of numbers of the form: A matrix with m rows and n columns is

cdledm’ n

éa . apnu
g 11 G2 1n G
€1 axpn ... Ipu
e u
Q - - - - u
8y an2 - Amd

The order of the matrix is determined by the number of rows and columns it contains.
Example. Determinea2” 3 matrix and represent it as A.

[ 3,-2,5; 2, 4, -7] [STO»] [ALPHA] A
Note: The colon (;) separates rows.

Fi~] Fer [Fie] Fir ] FE FE~
Tool5|A13cbraCalc|thr|FramiD]Clan U

.[3 S 5]_}3
e -7

[3 w2 5
2 4 T

H o |:| wlTd FUHC 140
Column matrix Row matrix Square matrix
(eg2” 1 matrix) (egl” 3 matrix) (eg3” 3 matrix)
Toals|AT¢br a|Calc|Okher |Frami0|{Clean Le| Tools|AldcbralCalejither|Framid|Clean Ur Taols|A134¢bra|Cals|0kher|PEIlD|Clean U
:|2] B
2 Z] =[] 3 3] (I8
HilH Fnb AlTO FUHE 1 40 HilH KRl ALTO FUHE 140

Addition of Matrices
Matrices are added by adding elementsin corresponding positions.
Matrices can only be added if they are of the same order.

eif A=62 “Hadp=s  ind
Example. If A=¢€ Uand B=¢€ ufind A + B
é5 -10 e4 20
SR T L e e TooTa 18 cbrat ate| Debear | Fr 20| c1adp Up
| | =+ 3
s -1 s -1l
[-2 3] .[3 =il S [3 -1
5 -1 el -4 2
3 =17 102
[-4 N |k [1 1]
FUHC ey | FHAIN EAD AUTO FUMC EFET]
&2 30 €3 -1u e-2+3 3+(-Ju & 2u
e U+6€ U= € u=¢ 0
eé5 -10 e4 20 &+(-4) (-)+20 &€ 1o
a Ye Yoon Hong & Mike Thomas, Page 41 of 50 Introduction to TI-89
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Multiplication of Matrices

1. Multiplication by a Scalar
To multiply a matrix by a (scalar) value we multiply every vaue in the matrix by that value.

éa bu ¢&ka kbu
ké U= @&
é& da é&kc kdu

Example. Find - 26 4
ample. Fin -2é4 1 od
€@ -1 30 ¢2 2 -6u
-2e u==e u
ég 1 00 &8 -2 0
2. Multiplication of aMatrix by a Matrix
identify the position of the element in the product matrix; e.g. first row, second column

multiply the elements in the appropriate row in the first matrix by the corresponding
elements in the same column of the second matrix.
The product of two 2" 2 matrices

é@ bu é |fu eae+bg af+bhu —
e—we u s
&€ du & Lu éce+dg cf+dhu [ IIIIIIIII J [1 J
Sy e )';,‘\\\‘
e u
Example. If A=62  A4 d|3e2 12gf'dAB
ample an -20 fin :
Y &1 1 30 eO H
§3 24

Orderof A=2" 3andorderof B=3" 2soorderof AB=2" (3 3)" 2® 2" 2
identify the position of the element in the product matrix; e.g. first row, second column
multiply the elements in the appropriate row in the first matrix by the corresponding
elements in the same column of the second matrix.

é U
€2 -1 4u é2 U x-2+(-1)x0+43 2x4+(-1)- 2)+4><2u
AB=€___~ ré0 -pg=¢€
el 1 30 és g é(-1Dx-2)+1x0+33 (-1)><1+1>(-2)+3>Qu
e u
_ €8 120
Cd1 30
é u 3(-2): s (- -2):(- : -2): : 30
§2 19 o) 1y py £D2¢1(CY (2:(-D+1L ():4+1:3]
BA=E0 -20° & |7 10=@0R+(-2X-1) OX-D+(-2)x4 0x4+(-2)x30
e g el 1 3u é 1]
3 20 € 32+2x-1)  3X-D+2x  3x4+23 0
€5 3 -5U
é U
=82 -2 -6l
&4 -1 180

From this we see that AB ? BA and so matrix multiplication is not commutative.

et et o faieattiae e g1 dan e ThoTe|at3abralcate|atha v arain|c1can ue rhiTel i Sair a| fave| nbhar [F e drain|cdan e
2 -1 4 2 -1 4 B | N [8 1 2]
L] +a "a-b
[-1 1 3] [-1 1 3] " “Z|*hb o -2 11 3
el o e 3 2 I oz ] 3 3 9]
o} 2+ b o] 2 "sb [8 127 k-5 2 "
3 2 = 2z | 11 3 | 4 -1 1&]
', 130, 25 3, 1 bk a
FAlN EAD AUTO FIJ_HIZ REET) FAIN Eab AUTO FIJ_NC B/40 FAIN FEAD AUTO FIJ_NIZ 8./40

We need the multiplication sign (*) in AB and BA: A*B and B*A
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I dentity matrix

Thisis defined as that matrix | for which

Al =1A=A

This can only happen for n” n square matrices, with the same number of rows and columns (why?).

Consider
€2 3ué1 Ou €2 3u
e ué u=2e U
é4 2060 10 &4 20

€ 0ue2 3u €2
ad é ué U=6
@ 1064 20 &4

A1 aebralcate other [PranIalc1on Us a1 dtbralcETe [other prantofc1eSn vel |
I [-a. =
z 3 2 3 Lo 1. o
'[-4 27 ® [-4. 2.] '[a l]d}1 [EI. 1.]
a 1 El:|'>i [1 B.] e [2. 3.]
Qo1 g. 1. i T
B [2. Fa i [2. 3.]
T 2 T8 P
=
MAIN EAD AFFROY FUMC =A20 MAlN FAD AFFREOR FUMC 4/30

In general the identity matrix isthat N~ n matrix with 1s down the diagonal and zeros elsewhere.

On the TI-89 thisis obtained by :

5 Option 4 Matrix ? 6: identity (2) [ENTER]
thentypen) foran n” nidentity. NB n must be a value!

Fixl Fex [Fae| F4v | FE Fé- Fi= F&~
T HATH Clgan U T HATH Clgan Ur|
1 : Humber 3 1 Humbet 3
2:Amale 3 i T k
Zilizt r [

H=TT ¥ 3
E~=St,a§ist,ic.s k L4
FiProbability » k
B4Test k *

I RAD ADTD FUNC o0 | [FRIN FAD AUTD FIINE [P
For example:
[rEagel i e al Fave mEbrar e Senanl e e
1 o
® jdentitul2) [ ]
o1
1 0 m
B joentital 3 o1 0
001
identituyc3)
MAIN AD AOTO FUNLC LT
Transpose

The transpose A" of amatrix A is a matrix formed by interchanging the rows and columns of A.

[2, 3; —4, 2] [STO>) a [ENTER]

T
36 = ) 46 A S
&4 20 &3 2 dEt e [
- 2 -4
= 3 2]
_[aT]T 2 3
]
Lt SAL UL TR
21 2 3 OT 21 4 5 8 vl_ETHlééEraTCraglvc.TDtm;r‘TPrgmIDTCl_eraﬁr: up| vll;ﬁTﬂslJél‘:rzachragchafﬂérTPrgmIDTf%er;r; I.lpT_2
84 -3 2: :82 -3 5: -[41 2—3 z]eb [41 2—3 z Ty [21 13 :
é5s 5 20 €3 2 -20 |. RISl P
T [2 3 5 w[1T) [4 3z
I 2 -2 5 5 -2
Lz EELEUTD TR Lt EELEUTD TR
Clearly (AT) = A
And also
(A+B) =AT +B'
(AB)T =BT AT note order!

1 Fer Tr3vT Fy™ F§ F&™
- E Alasbral|Calc DLher‘TPr‘gnIDTl:lean Up

a2nd 5 Optiort 4 Optiort 1 ()

a Ye Yoon Hong & Mike Thomas,
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&1 20 H T &1 ZOT x&1 30 2 |n1 dtbralcale other Pran1olc1eSn Us
A= ~ then A b -
€3 45 “€3 4g &2 4 S b
i [-1 3]
2 4
0B B T BN = dHE e [
- er] - = - -y
& 35 & 35 &2 Lozl ) —
T T a3 -20T881 20T &3 10,21 30 @1 13) iﬁ;lf@%at?fcnfﬁérPrEsmInc:leraﬁrTLlLlpE
=¢ - G - =€ G —=C e 3o
& 3g &3 4g &2 3082 4p &8 6g ® 9
ol g7 [a_l ;3]
B -2\ ael 86! 1 130 e o ]
( ) 3 4 e13 60 88 6;25 — — —

Deter minant of Matrix

For square matrices, of sizen” n we can define a determinant, which will help us find its inverse.
The determinant of a2 2 matrix A:

é@ bu
é a
& da
iswritten
a B
C D
and is given by det A =ad-Dc.

On the TI '89 thIS iS 0bta| naj by . -1E Flléér:nr*a EFaslv-:. Dtm;r* Pr*ngmII:I EIE'FaEr'uv Up

5 Option:4 (Matrix)

Option:2 det ([a, b ; ¢, d] )(ENTER] e b o
= get/[? ad-bg
t [ d RD |'| ) FUMC /%30

Determinant can be used at the start of a problem on smultaneous equations to check for
consistency.

Example. Solve the following sets of simultaneous equations.

a x+y=4 b) 2x—y=3 C) 4x—-3y=12
2X+2y=6 AXx -2y =6 X—2y=—
Sol)
a) No Solution
vla Hl-;:-é-vbr‘a Craslvc, thl’lln;r‘ Pr‘rgsmIEI IIZIE-FEIEHv Up '1E Zgzcrm TI"‘aC.E' Regraph Mrastrh D:"Ea'u v? f 5.:5:5 vla ngré-vbr*a Craslvc, thlzn;r‘ Pr‘rgsmIEI IZ:IE-FEIEHv Up
e g
g2 & 22 s
F=
343 \\ moolve(x+y=d4 and 2-x+ 2 u=6,{x 43
Bg; \ falsd
maolus(x+u=4 and 2 x+2u=6,0x Uk urs L
Solve(x+y ar * Y = f“;lse Hﬁ: 2] o
lue (x+y=4 and 2x+29 6, {x, 9D
¥ EAD_AUTD EUHC “n JN MTD FLUMC FUHC 5750
b) Infinitely many solutions
a Ye Yoon Hong & Mike Thomas, Page 44 of 50 Introduction to TI-89
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- - - - S FZw FE* 7 _F&* |Fr B 17 Fzw Fzw Fyw FE Fa™
-‘E chjé-bra Caic|other ppi_.‘mm c1etn Up vﬁ hon|Trace Regraph Math|Oraw{r v f—|Algebra|Calc|0ther|PrgmI0|Clesn Up

SFLOTE

gl=2ox -3 &

gz 4 ><2— &
3= Bepluel2 x—y=3 and 4 x—-2-g=6, L{x up
g4= _B1+3 =
05= ’,f === and y=El1
ug= =
7= 2
e =l ] ]

Z*x y=3 and 4¥x— 2*9 6. {x.u3) t([2 “1;4.°21>
EAD_AUTO FIHC “32 MAlN FAD AUTOD FUHC RHD AUTO FUMC 2/z0

) Unique sol ution: x=6andy =4

1 Fev
E Zoom

4FLOTE [

1 3 FIx | FiT FE FG™ 1 Fev Fav | FiT FE FET
- E Algebra|Calc|0ther|PrgnlI0fClean Up - E FlgebralCalc|0ther|PragnldfClean Up

mzolueld x—-3-u=12 and x -2 u= -2, {x p

®=6 and y=4
L
" et
E[[l 2]]

Intersechion ® =5
HCEIG,

ycid,
FUNC

 =-15-(8)=-15+8=—7

rr—T—Tj T—TE Fov
- §—|Algebra|Calc Dther‘ FrgmI0|Clean Upﬁ
[a 4] [a b]
|
c d c d
ldet[[a b]] ad-b-e
c d
SR
u dat) T
i [[4 5

“254,.51>

FAD AUTO

FUMWC 3750

t([ =3
HAIN

The determinant of a3~ 3 matrix A:

3 A a3

by by, bs

G C C3
b, b b b, b
a1hoGs + abscy + aghiCr — aglpcy — & —ahse = - a ! b3+a3 2
C G Ci G G G

? Multiply the 3 numbers on each of the leading diagonals (from top left to bottom right): add
together from this total, subtract the sum of the products on the other 3 diagonals.

by by b b,
G Cf [c1 C3 G
determinant formed by omitting the row and column in which the element occurs.

The cofactor of an element is its minor together with its sign. The signs for 3 ~

and are called minors. The minor of an element in a determinant is the

3 matrix are

Co-factors

The co—factor of an element in a determinant is the determinant of that the matrix obtained by
removing the row and column containing the element from the original determinant, multiplied by
+1 or —1 according to the position of the element, as below

+

+

+

+

+

+

+

+

i+]

In genera the sign is given by (—1)™’ where the value is in the ith row and the jth column.
For example, remove the shaded cells below to get the cofactor values
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Then the value of the determinant for an n” n matrix is given by
det A =a;1Ci1 + aoCoo +'a_|_3C13 + .. . ainCin

£ 2 -y
For example, given matrix A=él 6 310
& -4 ou
6 3 3 2
cn=(-1" O‘zlz, ¢ =(-1%", _J:m

Adjoint
The matrix of the cofactors of the transpose of amatrix A: adj A

Example. Evaluate the determinant, the cofactor and adjoint of matrix A

€3 2 -1u
e u
A=él 6 30
& -4 ol

detA=360+232+(-1)"1 (4))—-((-1) " 62+3 3 (4)+210)=64
i [n1aebralcalc|other Pramiolc1ean Up

On the TI-89 thisis obtained by :
[3,2,-1;1,6,3; 2,4, 0] [STO»] a[ENTER]

[Zd) 5 Option:4 (Matrix) Option 2 det () [ENTER) || ¢ ;l]ﬁ. P o
.dzm;; ’ : E:sé
t (a) FAD AUTO FUML /20
e u
451 £3589
el-4 2 2 -4u g4 \
& 7 €12 6 -16U
Cfactfat'Agz_ 3 - 323§4.216l'J
O orof malrix A = - =€ u
g4 of |-2 o] | -4 & i
g2 - 3 . 32(]2-1016u
&6 3] 1 3 |1 gt
€12 4 12U
. e u
adfA=é6 2 -100
§16 16 164
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Inverses

We define the inverse of a matrix A to be that matrix A such that:
AAT=ATA =,

Wherel, isthen” n identity matrix.

Thus only sguare matrices can have inverses.

17 Fzr Fiw Fyr F& FE¥ 1 Fzr Fzv Far F& 5
- f—|Alasbra|Calc|0ther Pranl0|Clean Up - E Alasbra|Calc|Other|Praml0fClean Up
[z 477 [z 4]
-1 [ - 279 3/'1E|:|
LIS
145 1-10
.['1 3]'3’3 ['1 3 ! 1 EI]
2 £ 2 4 o1
et - 275 3/18] b [1 EI]
155 110 o1
HAIN FAD_AUTO FINC 2730 FRIN FAD_AITD TINC 4730

1™ Fzr Fir Fyr FE FEr 1 Fer Fiv Fyr E FE*
~ f=|Algebra|Calc|Other [Pranld|Clean Up - E Alackra|Cale|0ther [Praml0|Clean Up

[-1-31 7-31 5.31 0 ]
1 3 2 G 2] 1 o0 m
-[2 -1 4]—>b [2 -1 o4l Jepwt [a 1 @
Fong 1 -3 2 1] o o 1]
2931 -1-31 - 14-317 1 o Mo
lb-i [14/31 -Ss31 -8-31 lb_l-b [EI 1 o
-1-31 731 5351 i o o 1]
h~¢-1)
FMAIN MTD FUMC /%0 FMAIN M'{D FUMC 4730
Inversesfor 2° 2 matrices
, . €a bu
For 2° 2 matrices A=¢€ u
éc da

1" Fer Fi= Fyr E 154 1 Fer Fzv Fyr E Fa+
w f=|Algebra|Calc|Other [Pranld|Clean Up - E Algebra|Calc|0tbhet [Pranld|Clean UpT_\
-1 ad-b-c ad-b-c
LR
a2 b a h tC a
o] ] S ad-bc ad-bBcl
d b | fanimd! [1 B]
-1 a'd-b'c ad-bc o1
LB 1 1
C a mp L.
ad-bc ad-b-c] o o [EI 1]
AN FAD_AUTO FUNC 2750 AN FAD_AUTO FUNEC 4730

To solve the smultaneous equations as a single matrix equation:
Write the system of equation as a single matrix equation

ax+by=c ga blijeugxq gel)
U= u
cx+dy=f becomes & diéyn éfa
€a by
If we let A=¢€ u
éc di
And A™ be the inverse of A, then we can multiply both sides of equation 1 by A™, giving
o &xu el
A “Ae U=A "e U
eya efl
But A A =1 by definition
exu éeu
So e U=A "€ U
eyd ef O
- &xu . €el
And hence the solution is éu=A "€y,
&yl éf
éd -bu éd -hbu
where A'l=—1 & 1= 1 & U

e U=——— :
detAé&Cc ad ad-bcéc adi
To solve simultaneous equations we multiply the number matrix by the inverse of the coefficient
matrix, if it exists (if det A? 0).
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If the matrix of coefficient is singular (the determinant ad — dc = 0), the simultaneous equations
represent either two parallel lines or two lines which are coincident.

Example: Solve the simultaneous equations 4x — 3y = 12 and X — 2y = -2.
I matix £ & -30kxu €12y
n matrix form: € e u=¢e u

el -20ey0 & 20

VTS ) |F1'r| Fi= |F3'|F'1'r| FE | FE~ | |
- 3l;‘| QJ-ZU TooT5|A13gbra|Calc|dther |FramiD|Clean Ur

S -
1 &2 30420 _[4 _3] [zxs _3x5]
_ & @ allr -z 145 - 4.5
4X-2)- (-3)4e-1 40e2u _[zxa -3,-*5].[12] [s]

1§-2><_LZ +3>(_2) g 15 -4-5 -2 4

ansclak[12; -21

5 q_ 1) x12 + 4>(_ 2) H FMAIN KAD ALUTO FLUMC Z/H0

1e-30u
5e20u

e6u

=€
~ &l

>

Sox=6,y=4

Inverses for 3 3 matrices

Use matrix methods to solve

3X—y+2z=13
X + 4y +27= -1
4y +3z=4
€3 -1 20&U e13u
L _ é Ga éu
Writing in matrix form: é 1 4 208y(=¢& 10
&0 4 306zd 84t
To find the inverse of a 3" 3 matrix we carry out the following steps.
83 -1 23
Given amatrix A, for example, A=&1 4 20
&0 4 3l
Sepl. Define AT, the transpose of A )
€3 -1 ou
T_¢
Al=&1 4 40
&2 2 3

Sep 2. Obtain the adjoint matrix, written adj A, by replacing each element in the transpose of A by
its cofactor, and by changing the sign of every second element.

€la -1 1 4/
g |2 j |2 j ‘2 23 . ;
anP P9 EAE ol
J 22 23 223 34 -12 118
g-10 |3 3 -1
& 4 4‘ '-11‘-1 JH
Step 3. Find det A
JetA = (3 4 3+ (<1) 2 0+2 (1) 4)—(2 4 0+2 4 3+3 (1) (1)) =36-8—-(24+3)=1
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€4 11 -10u
41 ) 1¢€ u
A-=——>adj(A)=-€3 9 -84
det A 1lé u
é4 -12 11u
11 -10%13uU e1u
e u e u
9 -81=&2y
4 -12 1144 &4

Thusx=1,y=—2and z=4

QDD PP
[t =N el e i
I
PDD DD

w A

- - - - 17 Fzr Fiw Fir FE FE™
.1E ngréhr'\-a c:ragl.: I:ILFI:EP pprgsmm Clerasn Up » f—|AlgebralCalc|dther|Pragnll|Clean Up
[ 4 3] [& 4 3]
3 -1z 3 Sz _ 4 11 -1a7
af-1 4 2[+a -1 o4 zf|=s? 39 8
o 4 3 o 4 3 4 -1z 11 |
4 11 -107 4 11 -10] 113 1 1
"yl [3 s g f=fz = -2||-t -2
4 -12 11 i TR P o ] EN
HAIN FAD_AUTO FINE 2730 HAIN FAD AUTD FUHC 3730

Systems of linear eguations

A solution to a system of linear equations gives the corresponding values of each of the variables
that satisfy all the equations simultaneously.
Solving Systems of Equations
There are three things we can do to a system of equations which do not alter their solutions:
1. Interchange any two equations
2. Multiply any equation through by a constant (* 0)
3. Add a constant multiple (* 0) of any equation to any other equation.

Gaussian Elimination

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 (y) in the last equation. This leaves us with a set
of equationsin upper triangular form, or echelon form.

Once the equations are echelon form, they can be solve by back substitution.

The leading variable in each equation in the list falls further to the right each time.

The rules become:

1. Interchange any two rows
2. Multiply any row through by a constant (* 0)
3. Add a constant multiple (* O) of any row to any other row.

Example.
X-y+2z=13............ R1
X +4y+2z=-1.......... R2
Ay+3z=4......ccooe R3
33 -1 2 133
The augmented matrixis: é 1 4 2 -10
& 4 3 4u
To make echelonform, [3,-2,2,13;-1,4,2,-1;0,4, 3,4] [STO»] a[ENTER]
R1 + 3R2
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83 -1 2 13U

@ 11 8 10U

® 4 3 4u

—4R2+11R3

8 -1 2 13U

é a

@ 11 8 10U

® 0 1 a4d
X-y+2z=13
11y + 8= -1

z=4
By back substitution,
z=4,

11ly+8(4) =-1,s0y=-2
X —H-2)+24)=13,s0x=1

¢ .1 2 1y
é3§3@
O 1 S 1y
< 41]
330149
é 1]

5 Option 4 (Matrix) J (Row ops) 3(mRow)

(3, & 2) [ENTER]

5 Option:4 J (Row ops) 4 (mRowAdd (1, ans(1), 1, 2)

Fi ]’ FEw TrsvT ruv]’ FE T FE™ T]
- E FlaebralCalc|0ther [PramI0Clean Up

T G Faw | Fuw TS TE™
va AlgebralCalc |[0ther |PramI0|Clean UpT_\

FAIW FAD ALTO FUHC 420
————————————————————————————————m

Fi ]’ Few Trsz ruv]’ H T FE™ T]
- E AlaebralCalc|0ther [PragmI0Clean Up

[ 4 3 4
3 -1 2 13 I -1 o2 13 = iEea
'['1 4z '1]"3 ['1 4 21 -mRoundd[1,[—3 12 & -3],1,2]
0 4 3 4 B o4 3 4 i3 ana
I -1 o2 13 3 -1 2 13
= MRow(3, a, 2) [-3 12 5 3 011 3 10
a 4 3 4 04 I 4
MN MTD FUHWC Z/%0 [ZT] EAD _AUTD EUNC 430
< 2 [n1debralcale|other Pramiofclean Us - 8|71 gebra|os te |0t er [Pramiofc1esn Us
[ e 4 3 4] [ Toea 34] 7T [oa 3 4]
I L T -1 2 13
[E' 11 8 14 lmRow[ii,[El 44 32 49],3]
o4 34 a4 3 4
3 -1 2 13 312 13 T -1z 13
-mRou[4,[a 11 = 19],2] [a 44 32 40 O 44 32 40
0 4 3 4 B4 3 4 O 44 33 44
mBow{4, ans{1>, 2> nRow<il . ans{i>.3)>

FAIN FAD ALTO FUHC E20

—————
Fin Few Trsz i ]’ TE T [ T ]
- Al achra|Calc|Other |Prami0|Clean Up

[0 a3 33 44
3 -1 2 13
lmRoded['1,|:El 4q4 32 49],2,3]
B 44 3T 44
I 1oz 13
@ 44 32 40
Ba 1 4

mRowadd~1.ansC(1>,2,3>

FMAIN FAD ALTO FUNC 630
b —

[0 1 4]

3 -1 2 13
EpRow 14,10 44 32 40,2

aa 1 4
o 11 8 1@
(o) 1
mRow<l 4,.ansC1>,.2)

AN FAD ALTO FUMC 730
b —

On the T1-89 thisis obtained by:

[3,-2,2,13;-1,4,2,-1;0,4,3,4] [STO»] a[ENTER]
5 Option 4 (Matrix) 3(ref) (a)

|‘f1 Trz Trs]’ru‘l’rs T FE T]
- E nge‘i;r‘a Ca lvc Dt.h‘F:-r‘ FramIl Clear: Lp

3 -1 2 13
ml=y g 2 oesllaa
o4

a4 I 4

=1 4 2 =1

[3 -1 2 13
34 ]

1 -153 243 1373
mpafa) [EI 1 3441
ooa 1 4
FARTH FAE_AITD TINL 2750
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