Introduction

Graphing calculators are powerful tools that we can use to quickly calculate numeric
expressions, graph complicated functions, and analyze statistics.

This manual helps you use this tool effectively by showing you detailed keystroke
directions that guide you through general directions and specific examples.

Which Graphing Calculators

The keystrokes given in this manual work for the following calculators:
TI-84 Plus
TI-84 Plus SE
TI-83 Plus
TI-83 Plus SE

Other Graphing Calculators

The examples in this manual will also generally work for the following calculators:
(You may need to adjust a few keystrokes.)
TI-83
TI-82
Because mathematics is the same regardless of the calculator, the keystrokes given in this
manual may also work for other graphing calculators.

Algebraic Calculators

The keystrokes given in this manual will not work for algebraic calculators.
“Algebraic calculators™ are calculators that do algebra, like the following:
TI-89
TI-92
If you have a TI-89, look for the “TI-89 Mathematics Manual.”

How to Use This Manual

If you need help with a specific topic, look for it in one of the following:

1. The Brief Table of Contents — an overview of topics in the order they appear

2. The Extended Table of Contents — a detailed list of topics in the order they appear
3. The Index — an alphabetical list of topics

You can also learn how to use many features of your calculator by starting on the first
page of this manual and continuing to the end. Read the general directions. Then work
the examples, entering the keystrokes given on you calculator.
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1 Calculations With a Graphing Calculator

Layout

This diagram shows the layout of a TI-84/83 Plus C;:ﬁ;mm ‘]
graphing calculator. Most graphing calculators use

a similar layout.

Use keys in the top row for graphing and tables.

Advanced functions, editing keys,

and the cursor keys are in the graphing keys ~oy [ O arone: (oom) (o @_’J

next three rows. Use the cursor | cursor keys
keys to move the cursor modekey _—@(—)(—) {)¢s

around the calculator’s screen. Emﬁ @ el

The bottom section of your graphing
calculator is similar to any scientific

L__used for
exponents

calculator. It includes the numbers,
) ) g
mathemat‘lcal operations, similar o any ST | cubiract key
and the trigonometric calculator = | =5 @
and exponential functions. : ' g
o .
I
e negative kﬂf/%ter key
The Second and Alpha Keys catalog

(above zero)

Each key is three "keys" in one. It’s color-coded.
Press the second key to select a command in that color.
Press the alpha key before pressing letters.

Screen Contrast

Adjust your screen contrast so you can read it by pressing and then
[A] ITIITOCTCIIT0 to make it darker,

or [W] LT LI to make it lighter.

The Cursor

The cursor is the square, blinking rectangle on the home screen.
When you press |[ALPHA | the rectangle shows the letter “A”.
When you press the rectangle shows an up arrow.

When you press INS the rectangle becomes a blinking underline.



[\S)

Calculations with a Graphing Calculator

Menu Keys

Some keys, when pressed, give you a menu of choices. You can get the option

you want by moving to that option with the cursor keys and pressing ENTER. Or
you can press the number of the option you want.

Important Keys

NTER

MAT

< !sl @EE

»Frac

QUIT

DEL

Enter key — in the lower right corner, press to do the calculation
Subtract or minus key — in the right column of your keyboard

Negative key — in the bottom row of your keyboard,
next to [ENTER

Raised to — the caret symbol in the right column, used for exponents

Square root — above the key, press \/_

Math — a menu of several mathematical operations
in the left column, below the alpha key

xth root — press the index needed, then MATH|, and option 5

Fraction form — converts the answer to a fraction form

option 1 under MATH

Scientific notation exponent -- symbol used to enter powers of 10
above the comma key

Mode — used to change the calculator’s mode
to the right of the second key

Quit — press QUIT (CTTTTJMODE|) to leave a menu

Delete key — move the cursor on top of what you want to delete,

press to the right of MODE
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INS Insert — move the cursor to the desired location and press INS
([TTTTIDEL]), the cursor becomes a blinking underline

ENTRY  Entry — above [ENTER|, press ENTRY
used to return previous expressions so they can be edited

ANS Answer — above [ (-) ], press ANS
used to return the most recent answer

Store — the key above the key
used to store a value in memory

type the value you wish to store, then press [STO» | |ALPHA|

press any alphabetic letter and then press
only single letter variables can be used

pressing before typing a value stores the previous answer

The MATH Menu

The MATH menu lists several mathematical operations.

Press [MATH| to see the math menu.

Several options are available, including Option 1

which converts answers to fraction form.

Option 4 is the cube root, while option 5 is the xth root.

The arrow at the bottom of the screen shows you that you
can find more items in the menu by pressing the down arrow.

There are four menus available.
Press the right cursor arrow to see the choices available in the number (NUM)
menu.

Explore the complex and probability menus on your own.

To select a menu item, highlight it using the cursor arrows
and press [ENTER|. You can also type in the option number.

If you do not select an option, press QUIT to return to the
home screen.




4 Calculations with a Graphing Calculator

The MODE Menu

Press [MODE| to see the mode menu.

SCI ENG
FLOAT I Rt R e : B
DEGREE

FAE FOL SEW
CONNECTED
SERUENTIAL N IIIN

Use the first row to change from normal mode to
scientific notation or engineering mode.

[G]  a+bi- reTEL
4'|48 HORIZ 0-T
SET CLOCK Dsfaed- Rl 0 I ] -1 |

Use the second row to change from a floating-point
answer to a fixed number of decimal places.

Use the third row to select either radian or degree mode for trigonometry.

To select a menu item, highlight it using the cursor arrows and

be sure to press ENTER.

Your selection must be highlighted. Check by moving the cursor off of it.

Then press QUIT to leave the menu and return to the home screen.

Order of Operations

These examples demonstrate how a graphing calculator uses the mathematical
order of operations.

Example 1  Simplify. 2+ 35 #1 and 2

oo [2] S 17
C2EE D o

2+35=17

Example 2 Simplify. (2+3)5

2] [+1 31 DI [x] [5] ENTER)

CC LTI T Ly O T I CE L LD L Iy L

(2+3)5=25

Notice that the calculator follows order of operations.
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Exponents and Radicals

These examples show how to find exponential and radical expressions using your
calculator.

Example 3  Evaluate. 5°

00T
O e (M T T Ty MO My CETE I M (LT 1
57 =25

#3.4 and 5
Example 4 Evaluate. 5’ ; a5
maiie w32 -
UMD LT Ty 00 CLI e LTI
5°=125

Example 5  Simplify. I32

T [5] [MATH] (T [5 ] [3] [2] [ENTER)

O e I T (O O CTm COp EE T T (T e (0 EIET T

Y32=2

Evaluating an Expression from the Quadratic Formula

After substitution, the solution to the quadratic equation 2x” + 7x+5=0 is

~7+7* - 4(2)(5) ,
X= . You can use your calculator to evaluate this, as shown

2(2)

in the next two examples.




6 Calculations with a Graphing Calculator

—T++/7* = 4(2)(5)

Example 6  Simplify.

2.2
OO CC T T CITT T y [0 I
O CIO EE T T T CCT T C ) ] 0 O CT T CT T

[ AE 24 @2 EE
N0 EHIZXE I

#6 and 7
[0 CCOCH 0 (0 (O LT (0 I 0
(542 e .
“T+\7 —42)5) | CF=l (T E—dw2HS] )
=- s ey
22 -2.5

Editing an Expression

—7 -7 = 4Q2)5)

2.2

Example 7  Simplify.

Che LTI LT O O D CT T T
(O M CET I T E e CITTT T () Che L CIME (00 C1 Che LTI T T

(T 2™ ENTRY .
0 (0 {0 (O 005000 O 00 00 00 (L0 CH O D QO (O L
OO [ =], GO (T ENTER]

O IT []

3 -1
m ENTRY [MATH| [1] ENTER| {65;55?2—4*2*5}}

2.0

I, Eg;ggfé—wz*m 2

7 -7 = 42)(5) _ s 5 FEE g
)

2:2
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Storing a Number

Example 8  Store 3.1 in memory [and find (a) 37 and (b) (3 7 )0

() CIO I (0 C0 Oy O [3] [L] 1] [STO] [ALPHA]A  [ENTER|

(a) DOmm 3¢ I ALPHA| A | x* | ENTER e 1
2 i 28 1.33
37 =2833 s 10 .
0 3. 20525589414
(b) cm (30F) crnn [29 ANs [0] ENTER
2\° 14
(37) ~3.966855894 x 10"
When an answer exceeds the screen capacity it is given in scientific notation.
Entering Numbers in Scientific Notation
Example 9  Find the product of 7.34 x 10" and 2.17 x10™".
(OCTIT17.34 x 107 [MT12.17 x 107 7
(7] [ [3] [4] [2™ EE O LIOmn i 00 Ly S
. Er#s. E”
O 27 ee [()] [3] [ENTER | i3az7s
O C T O T T 0 T (T T T
IO CL T COT A I C T LTI T IMODE] .

OO T LT SCl and press ENTER|
Press QUIT to return to the home screen.
Then press ENTER| fo get the product in scientific notation.

Rounding to three significant digits, we have the product 1.59 x 10°

NOTE: Your calculator stays in scientific notation until you change it back to
normal mode.

To do this, press MODE|, press ENTER)| to select NORMAL and QUIT fo return
to the home screen.
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Complex/Imaginary Numbers

Example 10 Find the difference, product and quotient of 2+ 3i and 5—7i.

Uirst put Lour calculator into comple!llimaginar! 1 mode.
To do this press MODE|,

move the cursor down to Real and across to a + bi

then press to select it

and QUIT fo return to the home screen.

(L LI ZCI ENG
FLOAT I St RN e : B

3'|88 HORIZ 06-T
SET CLOCKGAaRET R S Y|

ﬂ2+3L3—i5—fL)

T pe each num! er grouped in parentheses. ¢TI ;.*.:5_?1;;'1@1“
a1+

(24T /05T
Press|[2"] i lalove the decimal [e[1to tipe in the i - 1456456486+, 5.

T pe in the difference first and press ENTER],

Lo k(o7 )

Then press ENTRY and edit the operation to 5T e 31+L
i
“uicl1lfind the product and the [uotient. Ny 1435455455+ 3.

CR¥EL O PP

fac _
|f Lou would lié the [uotient in fraction form, RRihar s
Press ENTRY [MATH [1] ENTER .

NOTE: Your calculator stays in complex notation until you change it back to real
mode.

To do this, press MODE|, move the cursor to Real and
press ENTER| and | 2| QUIT to return to the home screen.




2 Graphing Functions with a Calculator

The Graphing Calculator’s Technique

Graphing calculators graph using the “table-of-values” or “point-plotting”
method. The [axis is divided into intervals, depending on the number of pixels
across the screen, the window used, and the [4resolution setting. Each [‘value is put
into the function. Then [+values are calculated. The calculator plots these ordered
pairs. Then it connects them.

The Scale

Here are two graphs of [=|[]. O 0

They look different because
different scales were used T2 T2

for the [axis. When you . [ .
use a calculator to graph, 2 2
you need to tell the

calculator what scale to use.

The Viewing Window

[] The section visible in the calculator’s screen is called
the viewing window.

2 D — If you used this viewing window, then you might think
: - that you had a line.

2
[ ] Ss——1f you used this one, then you might think there is no graph.

Carefully consider the viewing window you need for the function you are graphing.
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Example 1  Graph [=|[] using your graphing calculator.

Press MATH| move to the right to select NUM
and press ENTER| to select ABS [for a solute value.!

Then press . The Lellis [elow the Lell

Then press to see the graph.

Fiotl Fletz Flots
~MiBabs oKl
~Me=

~Mr=

“My=

~Me=

~ME=

M=

The Viewing Window
ymax
What you see on your
calculator will depend
upon your viewing window. Xmin Xmax
ymin

Press \WINDOW | fo see your

window values.

The Xmin and Xmax shown are the x-values at the edge of the window.

The Ymin and Ymax shown are the y-values at the edge of the window.

The Xscl and Yscl listed in WINDOW are the “scale values” — the value of the
distance between each tick mark on the x- or y-axis.

Adjusting the Window

There are two ways to change your window: using the window screen or using
the zoom options. There are several zoom options, all listed below. Try a few
using your graph of the absolute value function from Example 1, and then skip
ahead to the next examples. You can refer back to this complete list as needed.
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Using WINDOW

Press WINDOW,| and type in the changes. Press (GRAPH| to see how this changes

the window. See Example 1 for a graphic that shows the window values.

Using ZOOM Dgt”'-“‘:“" .
tZoom Ik HE
Press ZOOM : Zoom Out, : 52t andard
o tZ0ecimal t2Tria
to see the built-in ! Z5a0are 1 2Integer
viewing windows. 1 %%E?Edapd : EEEHE*{?‘

Notice the arrow next to the 7.
Use the cursor down arrow to see options 8, 9 and 0.

ZBox

The first option, zoom-box, is used to “box in”
a section of the graph that you find interesting.

Select it by pressing ZOOM L
Or press ZOOM| [ENTER.

B=2.101489Y |¥=-1.z200323

Then use the cursor arrows to move to
one corner of your box.

Press |[ENTER |.

Now move to the diagonally opposite corner.

Press ENTER)| again and the window = OEPYYEEL Y=.OE7TULOY
will adjust to the boxed region. .

ZOOM In/Out

Zoom-in and zoom-out, work like a video camera — zooming in or out with the
window centered at the cursor location. Select the option.

Move the cursor to the desired center and press ENTER.

ZDecimal

The zoom-decimal window has a change in x of one-tenth,

so coordinates on your curve will be in multiples of 0.1. }EHDDM 4o

M1~ "9,
Press [ZOOM| [4] to select the zoom-decimal window. ﬁggﬁf:i‘r v
You can find larger or smaller “friendly” windows 32;2:&31 L
by multiplying the zoom-decimal window values ﬁﬁgéﬂ

by any constant.
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ZSquare
The zoom-square window
adjusts the window so that ;}:;EE'EE -15. 16129,
the tick marks on both ﬁEETZ}E 1812%94.
axes are the same width apart. Ymin=-18
Ymax=1H

Values will depend upon the EE;&:%
previous window used.
Press to select a square window.
ZStandard FTHOO

amin=-18
A standard window shows gnax=18
both x- and y-values from —10 to 10. Ymin=-1@
Each tick mark on the axes stands for one unit. nma=1e
Notice that the shape of your calculator’s screen Ares=l

is wider than it is high.
So one unit on the x-axis is wider than
one unit on the y-axis.

Press [ZOOM [6]to select a standard window.

ZTrig

The zoom-trigonometry window is designed to show the standard trigonometric
functions. See Section 3 Trigonometry for more information about this window.

Zlnteger
. . . TR
The zoom-integer window gives ¥min=-47
. . Amax=d4r
integer values for the coordinates on the curve. Wecl=1
Ymin=-31

Press [ZOOM| [§ and then ENTER YrEx=31

: . Yzzl=10
to select the center of the integer window. Yras=]




Section 2 Graphing Functions with a Calculator 13

ZoomStat

The zoom-statistics window sets the viewing window to include all statistical
data points from a table you have created.
See Section 9 Probability and Statistics for more information about this window.

ZoomFit

The zoom-fit window recalculates the Ymin and Ymax using the given x-values
for the window. Only the ylvalues for the window change. The x-values remain
the same.

Press [ZOOM| [ to “fit” your curve to the given x-values.
WARNING: Use the zoom-fit window carefully, remembering that it does not
adjust the x-values. You may need to adjust your x[values to show important

parts of your curve.

Zoom Memory

Press ZOOM| and move the cursor to the right
to MEMORY to see the zoom memory options.

iSetFactors..

ZPrevious

Option 1 returns the graphing screen to the graphing window immediately
preceding the current graphing window.

ZoomSto/ZoomRcl

Options 2 and 3 allow you to store (ZoomSto) or recall (ZoomRcl) a graphing
window.

The Trace Command

The trace command allows you to move the cursor T=gbstiiy

along the curve.

You can also see the coordinates of the ordered

pairs that were used to graph the curve. ‘

PreSS . W=z.Bz87B7e 1¥=3.Be97B7

Use the right and left cursor arrows to move along the curve.
Use the up and down cursor arrows to move between curves.
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Deleting a Function

If you need to delete a function in the y= screen, move to its formula and press | CLEAR |.

Changing the Appearance of a Curve

You can change how a curve looks on your screen.
Move your cursor to the slash at the left of a function in the Y= window.

Press and the slash will change.

Press to see how the curve now appears.

Each time you press while on top of the slash the calculator will toggle
though a list of options that include a thick line, shading above or below the

graph, graphing slowly or drawing only the calculated coordinates.
Eventually you will be back to the original appearance. Explore these options.

Fiotl Flotz Flots FlokL Flatz Flots "II|||||||| i ||||||||I"'
Y BabsCE M Babs ikl :

~Nle= wMe= !

=M= ~Na= :

wNy= Ay=

~Ne= o=

~ME= W=

~Me= wNe=

Pausing a Graph

While a curve is plotting in a graphing window, press | ENTER | to pause and then

ENTER| again to resume graphing.

Choosing an Appropriate Window

Use any graphing techniques that you already know to help you choose an appropriate

window.

It is often helpful to find x- and y- intercepts and be sure they are visible.

Use to find y-values, if they are not visible.
If you need help, try zooming in or out, or try zoom-fit.
Then adjust the window values as needed to show what you need to show.

Example 2 Graph using your calculator. [(x): x’ —100x

Sess [y=][x] [~] BI[=][A][0][0] [x] 2ZOoM [d

(is [Talls [lle 4 Ve in a slandald window! |
wlilllis [eally a ool lwindow ol [Tlis lilve.
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Lelld il Tove il usinl lwlalwe [how aloul 1 1lal lin']

Callolin[Te Cellx’ —100x = x(x —10)(x +10).

Lo oulllive [Tosses e xlaxis al Télo T land [11]
[lse an Xmin ol I I land Xmax o I T 1willlan x[sLale ol 110 inllude [Tese.

fF=amz-100%

[less TRACE, Ten [5]ENTER, [0 see [Tal1le
yvalue is [T11wlen x is []
Cell$ use a Ymin oI T T land Ymax o[ 1 11] less S
willlla ylslale ol 11110 inllude —375 and [o'e.
I T HLIOL
[Iless WINDOW| and [Tan' e [lle window Brin=-15
A Bmax=1a
values [y ylinllin [le new values. e T=3
Ymin=-5E0
[lless |[ENTER| alléllealllone. [T en [Téss|GRAPH. ﬁmé%g%a
SCl=
Hres=1
Now we have a better view of our curve.
There are many other appropriate windows. /\\ /
A good window shows the
x- and y-intercepts and /
the general shape of the curve,

or the region of the curve that you wish to see.

Example 3  Graph using your calculator. [(x)=x’—-0.01x

"dil'llle y= sl 1éen o [e!1lis new [unllion.

3 1=8"3-.010
fallolo lellx® = 0.01x = x(x - 0.1)(x + 0.1). r /
o Texlinellellsale lelo 1] land (111 i
“less TRACE and [0] [1] [0] { /
lan xValue [elween [élo and [111. i=.05 ¥="3.FEEM

[Ten we [ave a yvalue 01+3.75 x 10~ = =0.000375 . [1is yvalue is vely [lose [0 [élo.
"Lan'e e window o [le

Cindow sCown on [Te (LTI TFOT
and [Téss |GRAPH,|. m;QZ'E J/\ /
Bscl=.682
Lellellle a1 11T eans Wrin=-SE -4
4 ?max:SE_4
5x107 =0.0005. Yo l=5Ee-3
Ares=1

(yle il 1y [lessin1]
[len [2™]EE lalove [lle Lol la eyl and [len [1]
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. x(x-2) |x ifx#2
Example 4  Graph using your calculator. [(x)=——=

(x—2) |undefined if x =2

ess =l EIRIDIEA K EED] E

Flatl Flakz Flokz
, ' ' W ER (K20 =2
This should be the line y = x withaholeat x=2. s
But the hole does not show in a standard window. :ﬁﬁ:
This is because the calculator never :ﬁg:
evaluated the function at x =2 .
[Less [TRACE| and [ove [Tle [l sol o see
(e alTual [oinls [loleéd and Connelléd.
Your calculator will evaluate the function
at x equals 2 in a zoom-decimal window.
fr=Ria-anin-21

less

And now we can see the hole in the line.

[less TRACE| and |2 ENTER 0 =2 v=
see [lele is no yvalue al1]

Example 5  Graph using your calculator. [(x)= . 1 5 S
:?;ElftH—Eh

CdillTle y= s/ Teen o el 1Tlis new [un Tion. Ny

ess[GRAPH 0 (el [Te [Ta 1o [Tis [ylelTola SEE;

in a Loolldelil lal window.

Notice that the calculator does not draw asymptotes. - k

less and |2 0 see [llele is

no yalue al'l] =z B
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1
Example 6  Graph using your calculator. [(x)=
x-2

(dil'llle y= sl 1éen (o el 1lis new unllion and [1éss GRAPH.

The curve shown on the right was drawn
using an older TI operating system.

It looks as if it has drawn asymptotes.

Actually, the calculator has plotted points and
connected them without realizing that

there is a vertical asymptote at x = V2
The newer TI operating systems will not draw this connecting line.

WARNING: Be careful when using your calculator to graph functions that have holes
or asymptotes. Your calculator uses the table-of-values method.

It does NOT draw asymptotes.

The older TI operating systems connect points across undefined values (as shown
above). The newer operating systems do not. Carefully interpret what your calculator
shows.

Graphing Equations

Graphing calculators are designed to graph functions, not equations.
But you can graph equations if you can re-write them explicitly in a y= form.

Example 7  Graph using your calculator. x* +y* =25

Uilslsolve (oly. Y =25-x
y =

+4/25 — x*

Len lelly, =N25—x" and y, = —25 - x" =,

ess [y 27 2B+ ] D] ENTER

[Ten [Tess Tove [0 e i 1110 Y-VARS
ENTER [lo selellollion [1lolunlion"and alain ENTER| [lo selellollion [llol]y, (1]

ZOOM| (6 (0 [Tal1lin a slandald window.
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zoom standard

In this window, the circle looks like an ellipse.

P

\‘x__ﬂ-*“’l The tick marks that stand for one unit are further
apart on the x-axis than the y-axis.

Use a zoom-square window to get a scale that has the same distance between the
tick marks on each axis.

zoom-square
Press

-_\ Now we have a “round” circle.

lr(_-i_
. The two halves are not connected.

Each half of the circle was graphed using a
different function.

So the calculator does not know to connect them. But we can interpret this
as a completed circle from what we know about the equation.

Graphing Piecewise Functions

We can graph piecewise functions on a graphing calculator using inequalities.

L+
When you enter an inequality on your calculator, !
it is tested to see if it is true or false.

Your calculator gives a value of one if the inequality is true.
It gives a value of zero if the inequality is false.

To find the inequality symbols press ™ TEST (above )

If you divide a function’s formula by an inequality, your calculator graphs points only
where the inequality is true.

> ifx>2
S =+ (x22)={"
0 H)=xtx(r22) {undeﬁned ifx <2
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Your calculator graphs only the part of the parabola where x is larger than or equal to
two. Do this separately for each piece of a piecewise function to get a good graph of
the function.

x* ifx>2 .
Example 8 Graph [(x): ) on your graphing calculator.
x ifx<2

"nlellealliele selalalely.

ess [y=] =1 [ Test (alove[MATH])[4] 161 =) [2] )]

Cow [Téss 1o [ove 0 y, ]
and [x] [+] [27} Test[5] ol <(]2] D]

[less [ZOOM] [6] 10 see (e [Lalllin a slandald window.

Although it looks
. . Flatl Flokz Floks
like a line, the curve WA EM A T JJr
on the right is the AVt
part of y=x’ NV
where x is larger i ES
o

than or equal to two.
WARNING: When you sketch this on paper, remember to carefully mark
whether each endpoint is an open endpoint or a closed endpoint.
Evaluation
We can use a calculator to find values of a function using

1. the TRACE command

2. using function notation

and 3. using a table.

Using the Trace Command to Find Function Values

You can use the trace command to find function values.

Press | TRACE |. fri=abann fr=absca
Type an x-value and /

press [ENTER] to find

a function value at a specific
x-value in the window.

=352 #=1.5 ¥=1.5
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WARNING: If the x-value is outside of the viewing
window, then you will get an error message.

Press [ENTER|. Then adjust the Xmin or Xmax

in your viewing window to include the desired x-value.
Then use the trace command again.

Function Notation

Before you can use function notation, the function must be entered in the y= screen.
Then you can use function notation in the home screen to evaluate a function.

Press , select Y-VARS, select Option 1 (Function) and then pick your function.

Example 9  Assume that the fine for speeding on a certain freeway is $187 plus
$19 for every mile per hour x over 65 mph. Use your calculator to
graph a function representing the total fine for speeding. (a) Use trace
to find the fine if someone is going 81 mph. (b) Use function notation
to find the fine for going 100 mph.

(a) Uulllunllion is 1)6): 187 +19x.

[Isolleone is Loin I [T][1[[11len x=81-65=16.
"0 ou“window needs xValues a leas! as laTe as [T and yValues la Tel [Tan [11]

Fletl Fletz FIoEs TFCT
=M1 E187+195H =min=8
wNe= Hmax=28
wM = mecl=1
wNy= Ymin=Q
~Ne= Ymax=558
~NE= Y=o 1=58
nhe = Hres=1

1=187+194

ow [Less [1][6] ENTER.

The fine for going 81 mph on a freeway
with a speed limit of 65 mph is $491.
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(b) [T we need 0 lind [(35) [elause 100—65=35.
Ue sule Mal 1lle [unllion is in [Te y= s Téen.

Cless Telow [Tle Lulsol Leys!]

Use [Tle LulsolalTows [0 [ove (o [lle ({1110 sele[T1Y-VARS.
“elelTbllion | 1| [TunlTion

"I'en selel I 1lle un!lion [Lal you wis!llo uselin [lis Lase y,.

[I'ess ENTER|. [1is [uls Y| on [le [olle sl Teen.

ress [(] B][g D] ENTER. 252

[you wanl ollle! llunlion values!
use ENTRY] and edi' 11k line.

The fine for going 100 mph is $852.

You CAN use function notation to evaluate a function at
values outside of the viewing window.

Using a Table

We can use a table to see many function values at a time.
Enter the function in the y= screen.

Press TBLSET (above ) to set a starting x-value and

ATbl, the difference between x-values.

Set both Indpnt and Depend (independent and dependent variable) to Auto.
Press TABLE (above ) to see the values in the table.

Example 10 Use a table to show the possible fines from Example 8, assuming that
no one is fined unless they are driving at least 69 mph.

[yle [le lunllion in'o [le yl sl léen.

Celole viewin e laldewe need [0 use [le [alle "elulOindow [0 enlela slallin
xvalue and ATbl, e dillelénlé Lelween ealllxvalue. e wanllo see e lines slalin]
alTTI0O] TowewanlJo slalToullalle all x =69 —65=4. e [len wan[ 11k
xalues o inlTease [y [1[1[1]
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[ess [2™ TBLSET (10 dl e selu! ] TECE=ETIE

7 Y
ThIStart=4 TR
alove WINDOW].. oTBI=T E fgE
Elhdph‘ra= Hut.c EEE g b
eFend: = 2] x|
[less [4] ENTER [1]. |5
=4

[b see [Te [allel]
[Iess TABLE [&[ove [GRAPH])

You can use the up and down cursor arrows to scroll through any table.
You can use the Ask feature to find values in our table.
In the table setup screen, change Auto to Ask.

The y-Intercept

Find the y-intercept by evaluating the function at zero, using TRACE, function notation
or a table.

x-Intercepts

The places where the curve crosses the x-axis are called ZEROS on the TI-84/3 Plus
and many other calculators.

To find x-intercepts (or zeros) press CALC (above TRACE]).

Select Option 2 for zero.
Select an x-value to the left of the desired zero by moving to it using the cursor

arrows or typing it in and press [ENTER. Then select an x-value to the right of the

zero and press ENTER.
Finally, select a value close to the zero for your "guess" and press ENTER|.

WARNING: Always be sure to press the third when you are finding a zero.
The calculator screen should say "zero" above the resulting x-value.

WARNING: A function of x can have one, many or no x-intercepts. Be sure that you
use a viewing window that shows all of the function's x-intercepts.
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Example 11 Find all axis intercepts for [(x)=

"yle e [unlion inlo [Te yll sl leen and [Tal1lill
in a slandald window.

"o lind [Te ylinle[Tel 111 Téss TRACE] [0] [ENTER.

The y-intercept is approximately 1.6.

[0 lind xlinlé[Te[ 15[ Tess[2™] CALC [0l allulale!]
alove Tolelol]

e Lallulaloas(s (0 a le[TT bund. [1ove e Lulsol]
0 [Te lelTso Talilis [Wsllo e lellol]

e xlinlellel 1 Tal we wan!l] [ éss ENTERL

(e LallilaloUasCs ol a T T Tound. [ove [Te
Liulsolllo e il 11so [Malilis uslTo [Te

[ [ Tol e xlinlglTel I Talwe wanl] [ éss [ENTER|

Lolile [Te Wo Ualls al1le [0 Jol e sl léen.

(Ce Callulaloluses a nullelilal T ToxiTJalion
Uelllod o lind wlele e Lulve [Losses e xlaxis
Lelween [Tlose (wo xvalues .

Ullen you alé asled [0l lyoul Iluess! 1 love as [lose as

you Lan [0 [le xlin'é[TelTand [Tess [ENTER|.

Lolile Mal1le wold “zero” is now on [le s leen.
[I'e xvalue ol 1Te x[inlé[1el 1is [iven.

"Te yWalue sTould [e eilllel1léLo o[ wery [lose (o [elo.

Cellelllel llal1llis is an approximate value.

Lelealllis [Toless [0 le ollle[Jwo xlinleTel1s.

[Tyou wis' I you Lan also type values ol e lelll ound! 11l 111 ound and you!l 'l uess.

X +2x* —45x+ 37
23 '

r1=(H“3+2H2-'15H+3?:I.-'23

H=n ¥=1.5086957

fodasdx

fminirfum
fmaximum
linterszect

P

Sy

r;:l;‘H“3+2H2-'15H+3?L-'23

h,

GUL5sT
W=-H.0B5106 |¥=.1zerE05n

e

[N

_/

f

2

Sy

%=-B.1106H8

V=0

The three x-intercepts for this function are approximately —8.11, 0.87 and 5.24.
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Extrema

Local or relative extrema are the local “peaks” and “valleys” of a function’s graph.
These can be found exactly using calculus. Your calculator can also find them
approximately using numeric approximation techniques. The procedure for finding a
local maximum or minimum is very similar to the procedure for finding an x-intercept.

Press CALC (above [TRACE)). Select |3 or |4 (for minimum or maximum).

Select an x-value to the left of the desired minimum or maximum by moving to it
using the cursor arrows or typing it in and press ENTER.

Then select an x-value to the right of the minimum or maximum and press ENTER.
Finally, select a value close to the minimum or maximum for your "guess"

and press ENTER|.

WARNING: Always be sure to press the third when you are finding a

minimum or maximum. The calculator screen should say "minimum" or "maximum"
above the result.

X +2x* —45x+ 37

Example 12 Find the local minimum and maximum for [(x)= >3

Ce sule [al youlllunTion is enléléd in [Tle y[l s Téenland Nal1le lolal [inillull ol
"valley!'lis visille in youl Il Lal Tinwindow.

[lLess CALC o[l allidale1[3] (1o lini lul L]

EiﬁtEPEEEt
e elGilaB0asT B0a leMTbund, R

Love e Lulsollso Talilis (sl lo e lello[1Te loLal
HiniJul). [less ENTER|

r1=(H“3+2H2-‘IEH+3?J'.;23

(e LallulaloUasls 0 a [ TT T bund.

b

Tove [Te [ulsol o [Te [il 1 1so [Malilis sl 1o [le o
G0 e lolal Cinilull. [Tess ENTER. W

Colile [le wo [alls allle 0l o[ 1le sl Téen [Telow [T1] [1e Lallulalol uses a
nullelilla T Toxillalion [e!llod (0 lind sl alles! yvalue [elween [lose Wo xValues.
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"Ilen you alé asled lollyoulll uess' 1 love as [lose as

you Lan [0 e loal (iniClul) and [Téss ENTER| /—\ /
o

Uolile [Mal1le wold “minimum” is now on (e s Léen. ey
e xvalue is e al 1loxillalé loLalion o 1le loLal
Hinillull. [Te yvalue is al1loxillalely [Tle sl lalles o]
Uinillul) yalue in [Talheil I TolTood ol 11le lilve.

u
Bxz7zE 1V=-z. Z300HE

Celeal 1lis [Toledulélusin[]“maximum” 1o lind [(Te loLal Daxillul.

The local minimum for this function is approximately —2.34 when x is about 3.26.
The local maximum for this function is approximately 8.22 when x is about —4.60.

Graphing Inverse Relations

Your graphing calculator draws a function’s inverse relation by calculating ordered
pairs for the function, reversing their order, and plotting these new points.

If the original function is one-to-one, then the inverse relation is also an

inverse function.

To draw the inverse function/relation using your calculator, first graph the function.

Then press DRAW (above | PRGM).

Select Option | § Drawlnv (for draw the inverse relation).

When this appears on the home screen, select the function that you want

using and press ENTER.

x> +2x* —45x + 37
23 '

Example 13 Draw the inverse relation for [(x)=

Lolile Malllis is U1 la onellolone wnllibn. Lo we alé [Tallinlan invelse
relation| not an invelse function.

Ce sule al youlllunllion is enléléd in [lle y | s Téen and lal you Lave a [ood viewin!’|
window.

1ne
3 tHorizontal
[less DRAW (a[ove [PRGM]. thertical

! Or-awF
i Shades
"ele[1]10ption |8 DrawInv (lolldlaw [Te Oraw L

invelse [élalionl] Drawinv al Teals on e [olle s 1éen.
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(len [léss Tollvalialles! and [ove (o [le [i[1110 sele[11Y-VARS.

_less ENTER Lo sele[11Option 1 [unllion[and ENTER| [lo sele[11Option 1 y, [
Lbuale now Lalllon [Te [olle sl1éen.

I ess onle [lole and |Te Lallulalol dlaws [le invelse [elalion.

"o [lea!lllle invelse Lélalion! [ Téss DRAW Option 1 [CIrDraw (o[l lea |llle d'awin!1.]
"Lis ledlaws [Te Wunllion willoul1Tle invelse [elalion.

rawlnw Y

WARNING: You cannot use this inverse drawing to find values on the inverse relation.
The TRACE | key does not work when an inverse curve is drawn this way.
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3 Trigonometry

Radian/ Degree Mode

Before you can use your calculator to find trigonometric values or graphs, you must
decide whether you are using degrees or radian measures. Then you need to set your
calculator to the correct mode.

Follow these steps to do select degree or radian mode:

Press MODE| .

Move down and across to Degree or Radian, and press ENTER|to select it.
Press to return to the home screen.

WARNING: Always check that you are using the mode that you intend by pressing
and checking which is highlighted.

Radian Mode Degree Mode

SCI ENG
FLOAT R BeciL B0 - B

SCI ENG

FAkE FOL ZER
CONNECTED Iy

SEQUENTIAL R IIIN
EREAL e L TR
{'/8 HORIZ oG-T

SERUENTIAL ey IIE
[G1]  a+bi- FiTEL

Converting Radians to Degrees

You must have your calculator in degree mode to convert a radian measure to degrees.

Example 1  Convert from radians to degrees. a) 34—” b) 1

First be sure that your calculator is in degree mode.

a)  Press [(| [3 Rl (1[4
ANGLE (above the |[APPS| key)
(for radian) ENTER| .

3l:135° Dgcs e N

v

135
oYL 2957 Fe01

b) Press "] ANGLE (for radian) ENTER| .
1 radian = 57.3°
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Converting Degrees to Radians

You must have your calculator in radian mode to convert a degree measure to radians.
Example [] Convert from degrees to radians. a) 74° b) 45°

First be sure that your calculator is in radian mode.

a)  Press|7] "] ANGLE (above the |APPS| key)
(for del ree) .

74° ~1.2915

1.2915343646
AL )
b)  Llepeat this procedure for 45°. . TE53951634

45°~0.7854

V4
Ulid you recol'nilé this as an approlimation to 2 0

Approximate Values

WARNING: Remember that your calculator
gives approximate (not exact) values when
finding trigonometric values.

For example, although we know COS(m 6y
« SEEAZE4REE

3 .
that cos% =5 your calculator gives the

approximate result cos% — 0.8660254038 .

Finding Trigonometric Values Using Degree Mode

I ENG

First set your calculator to degree mode.

With your calculator, you can find approximate
trigonometric values for any angle.
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Example 7]  Use your calculator to approximate the following.
a) sin38° b) cos247.36° c¢) tan(-2103°) d) tan90°

a)  Press [8[)|[ENTER . ST,
. SE156614753
sin38° = 0.6157 cos (247, 360

- S3E49E97S1E
b)  Press . 1[4 [¢ D]ENTER.

c0s247.36° ~ —0.3849

Uotice that your calculator can evaluate
trilonometric functions at decimal delrees.

c) Press (nelativelnelt to the ENTER key) taﬁ':'%_lg%%%“gm
[d [3 D) |ENTER

Uotice that your calculator can evaluate
tril onometric functions at nel ative anl les.

tan(-2103°)~ 1.5399

WARNING: Be sure to use the negati' e [ ey.
Do not use the subtract key for a negative.

a) Press fan][d [d [)] ENTER

Cour calculator [ives you an error messal el |
because the value of this [uadrantal anlle
is undefined.

Press ENTER| to return to the home screen.

tan90° is undefined.

Finding Values for Secant, Cosecant and Cotangent Using Degree Mode

You may have noticed that your calculator does not have keys for secant, cosecant and
cotangent.
Use the reciprocal identities to find values for secant, cosecant and cotangent.
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Example []  Use your calculator to approximate the following.
a) sec67° b) csc(-5342.7°) ¢) cot(27°+94°) d) cot27°+ cot94°

1

a) sec67°= o867 IKGDSEE%QSMEES
Press [1] [+] cog [6 [7] D]ENTER .
sec67° ~2.5593
<21

Fii - .
| 1. 188332284

b) CSC(—5342.7O)= m

csc(—5342.7°)~ 1.1883

n parts (c) and (d)! be careful with the order of operations.

1 1<tantsd+94)

c) cot(27°+94°)= ————— - EBBSEAE1T
tan(27° + 94°)

cot(27° + 94°) ~ —0.6009

1 1 1<tanidy v+l tand
+ ELW
tan27° tan94° 1.392683694

d) cot27°+cot94° =

cot27°+ cot94° =~ 1.8927

Degrees, Minutes, Seconds

You can use your calculator to find trigonometric values when the angle is given in
degrees, minutes and seconds.

Example (]  Use your calculator to approximate sin(l2°17'47").

Press ANGLE (above |APPS|) (for del rees)
ANGLE (for minutes) " (for seconds!
above the plus key) .
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ST VLl W Yol
2129682058

sin(12°17'47")~ 0.2130

Finding Acute Angles in Degrees

You can use your calculator to approximate an acute angle &, given a trigonometric

value.
Remember that an acute angle is an angle between 0° and 90°.

Example [] Find an approximate acute angle & in degrees,
given the following:

a) sinf=0.5432 b) tan@z? c) cscd=3.4567 d) sinfd=3.1125

Cemember that an inverse function [undoeslwhat a function does.
"our calculator uses standard inverse function notation for this.
Look for the inverse functions above the tril onometric keys.

WARNING: Remember that “SIN™'” on your calculator stands for the inerse [unction
ol sine. Do not use it for the reciprocal of the sine function.

a) [ordecimal degrees! |

press[27] SN[ ENTER.

Uor degrees, minutes, seconds,

press[2°] sIN'[]

ANGLE |4| (for convert
to del rees! minutes! seconds) ENTER).

0~ 32.9°~32°54'6"
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b) [l sure to correctly [roup T e st
the radical and the fraction. o
Uls we know from our elact values!| =i ':%ESB?EEE%@E.
0=130°

c) Llemember that the cosecant and
sine functions are reciprocals.

. B : EmT 1T
L0 if csc@=3.4567 [ then sin@ = 1 : n
3.4567

0~16.8°

d) [emember that sine values

are in the ranle [-1.1]. T

L0 this is not possible. @ Eg,ﬂ;

fyou try it on your calculator!’|

you will et a domain error messal e.

Press ENTER| fo return to the home screen.
There is no angle for which sinf=3.1125.

Finding Other Angles in Degrees

We can also find angles in other quadrants.
First find the reference angle using your calculator.
Then adjust for the quadrant.

Example {1  Approximate €, where 0° < 8 <360°, given the following:

a) tan@d=7 and @ terminates in quadrant III

Uind the reference anllel 16 ,

usinlyour calculator. T
21. 85983755

+128
281. 8692978

A=

0 ~81.9°

Press @ to find the

anllé in [uadrant 1)

0~=261.9°
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b) sind=-0.7324 and @ terminates in quadrant [V

[lse a Lositi_e value to find 6 .

0 ~47.1° R
47 BEFITIET
&E8-Ans
Press [3 16 [0 [=] ™| ANS 312. 9128263
(above the nel ative key) ENTER|.
0~312.9°

WARNING: Always enter a positi_e trigonometric value to find 6 .
If you enter a negative value you will not get a positive acute angle.

c) secl= —2 and 6 terminates in quadrant I1

1
Cemember that cos@ = ——.
secd

oS T LAl

128-An=
135

0 = 45°
"dlust for [uadrant 1.

0=135° [ou may have known this el act value without needin!lyour calculator.

I ENG

Finding Trigonometric Values Using Radian Mode

First set your calculator to radian mode.
(See the first topic in this section.)

Example []  Use your calculator to approximate the following.
a) sin[zj b) cos(7—ﬂj c) tan(—30) d) tan[zj
3 5 2
1RLI5)

a)  Press =] @ DIENTER.
X.EEEBEE4BEB

sin(f) ~ 0.8660 (33D
3  BEEEZS4AIE

Uid you recol nilé this as an

3
approlimation of g O
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b)  Press|COS] B E| . COZtrm oy

- 3E98 159944

cos(75—ﬂj ~—0.3090

c) Press (nel ativel nelt to thekey) @ m

Uotice that your calculator can evaluate A —
trilonometric functions at nel ative an! les. R T TR T
Ulote also that this is I 1lradians| not del rees.

tan(-30)~ 6.4053

WARNING: Be sure to use the negative key.
Do not use the subtract key for a negative.

WARNING: Notice that this is the tangent of —30 radians, not degrees.

Q) Press AN =] QDEER. oD

Your calculator gives you an error message,
because the value of this quadrantal angle

is undefined.
Guit
Press ENTER| fo return to the home screen. fEoto

tan(%) 1s undefined.

Finding Values for Secant, Cosecant and Cotangent using Radian Mode

You may have noticed that your calculator does not have keys for secant, cosecant and
cotangent.

Use the reciprocal identities to find values for secant, cosecant and cotangent.
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ffalllJe [1  Use your calculator to approximate the following.

a) sec(%j b) csc(45) «¢) cot(%+%j d) COt(%j*'COt(%)

-

Press [1 [] €08 B [x [ <] [ D]ENTER

sec(z) =2 T -cosim 5o
3 1 2incdS)
1.173221363
1
b csc(45)= —
) ( ) sin(45)

csc(45)~1.1752

n Larts (¢l and [dl,) be careful [lith the order of ol erations.

T T 1
C) cot| —+— | =————
3 4 T T
tan

7+7
34 l-tanim-i+m~dg
- 2ETI491924
%fEi?inf3}+1ftan
T I
cot(?;+“2) ~—0.2679 1.37730R2E89

T T 1 1
d) cot(—) + cot[—j = +
3 4 T T
tan| — tan| —
3 4
s s
cot(—] + cot(—] ~1.5774
3 4

Finding Acute Angles in Radians

You can use your calculator to approximate an acute angle &, given a trigonometric
value.
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Remember that an acute angle in radians is an angle between 0 and g ~1.5708 .

fall[le [T] Find an approximate a[ te angle & in radians,
given the following:

a) sind=0.5 D) tanQ:% c) cscd=3.4567 d) cos@=2.1798

Cemember that an inverse function [undoes ) hat a function does.
Your calculator uses standard inverse function notation for this.
"oollfor the inverse functions above the trigonometric [éys.

WARNING: Remember that “SIN™'” on your calculator stands for the inverse [Th[ti n
"I'sine. Do not use it for the reciprocal of the sine function.

a)  Press sIN[ . ] , for radians.

TR =¥
0~0.5236 Ex « D2IIFETVTI6
=l )
/4
Ulid you recognil é this as 5 O
b)  [le sure to correctly groullthe fraction. T
0~ 0.4636 _ . AETE47EET
Ein 1l -3.42567)
293488442
c) [lemember that the cosecant and
sine functions are recil rocals.
. ) 1
To if cscO=3.4567, then sin@ = )
3.4567
0~ 0.2935 SR [ L=T=X

d)  Temember that sine values
are in the range [—1,1].
Lo this is not [ossible.
fyou try it on your calculator,
yvou Ulill get a domain error message.

There is no angle for which cos@=2.1798.
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Finding Other Angles in Radians

We can also find angles in other quadrants.
First find the reference angle using your calculator. Then adjust for the quadrant.

Crall[Je [T] Approximate €, where 0 <0< 27, given the following:

a) tan@d=7 and @ terminates in quadrant III faT
Fris+

[
1.428899272

I
. = . 4. 578491926
Uind the reference angle, 0, using your calculator.

0 ~1.4289

Press to find the angle in quadrant 11

0~4.5705

b) sinf=-0.7324 and @ terminates in quadrant IV

. _ TATC. Tood s
Clse a positive value to find 0 . 218481787

n-Ans
_ S.451345129
0 ~0.8218

Press -] ANS
labove the negative ey |ENTER .

0~5.4613

WARNING: Always enter a [ sitive trigonometric value to find 6 . If you enter a
negative value you will nl t get a positive acute angle.

c) secH= —2 and 6 terminates in quadrant I1 Fos I -1
. FED3TE1634
f—Ar=

1 _ - ra 2.35619449

Cemember that cos@ = —49 0 ~0.7854 T 2. 35619449
sec

"dlust for quadrant (1.
0~2.3562

3z
Ulid you recognilé this as an al | rolimation for v 0
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Evaluating a Trigonometric Function in Degrees While in Radian Mode

You can use degrees while in radian mode by using the degree symbol.

(lfalllleé [1T] Find sin45° while the calculator is in radian mode.

Y T, e ras | Press e S "
: Pl ‘above the APPS| eyl
for degreel|)| [ENTER.

SET CLOCK [ : e Wl O Breiacdy |

Evaluating a Trigonometric Function in Radians While in Degree Mode

You can use radians while in degree mode by using the radian symbol.

Clfalllle [T Find sin[gj while the calculator is in radian mode.

Press El IHH{[;E%;%E?EIE

ANGLE [above the Ceyll
for radian ENTER] .

L EIR ZCT ENG
FLOAT R BeciL B0 - B

SET CLOCK LAl Wl Bt |

WARNING: Be sure to group the radians in parenthesis before using the radian symbol
so that all of the value is designated as radians.

Graphing the Trigonometric (Circular) Functions in Radian Mode

First, be sure that your calculator is in radian mode.

Then, as with any graph, consider the scale you want to
use and an appropriate window.

SET CLOCK [ : e Wl O Breiacdy |

The ZTrig zoom option is designed to graph the six standard trigonometric functions.
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ZTrig in Radian Mode

The seventh zoom option is the zoom trigonometry window.
Select it and then press WINDOW, to see the window values

in radian mode.

“min=-4
“max=d4
Yecol=1
#res=1

WARNING: Always carefully consider the equation you are graphing before you

Notice that the y-values are

from —4 to 4.

The x-values are from

about —6.15 to 6.15.

Notice that 6.15 is
slightly less than 2.

choose your viewing window.

Graphing Sinusoidal (Trigonometric) Functions

39

FEMORY

fZoom Out
iZ0ecimal

I Z25quare

: SStandard
Zlrig

[
A

. 283185387

To graph a function on your calculator, press E , type the function, and then graph it
using an appropriate viewing window.

Example 14 Graph y =sinx using your graphing calculator.

Press EI .

To graph it in a standard window press |6 (for zoom standard).
The zoom trigonometry window is a better window. To use it press ZOOM| 7.

Flotl Flatz Flots
~MMiBsincHE
wMe=

~Ma=

~My=

Moo=

~ME=

M=

-10

Zoom Standard

10

-10

—6.15

Zoom Trigonometry

4

WARNING: Be sure that your calculator is in radian mode.

6.15



40

Trigonometry

Example 15 Graph y=sinx, y= sin(x + 7[) and y=sinx+ 7

using your calculator.

Type each of these in the ly3 window. Be very careful with the parentheses.

To make y =sinx stand out, move to the left of the y in its equation

and press ENTER| once. You will now see a thick line next to the y.

Press WINDOW, fo increase the maximum y-value so that the top of the graph of

y=sinx + z shows on the screen.

Flotl Flatz Flots
MY 1BsingED
~MeEsingR+md
~NzEsindHY 4
My=

~Me=

“ME=

o

THOOL
Bnin= -G,
Amax=a. 1
necl=1.5
“Ymin=-4
Ymax=3

1522859,
222856,
TEFIEE..

‘Y=ol=1
Ares=1

/

y=sinx

To clear a function from the E window, move the cursor to it and press CLEAR.

Example 16 Graph y =cosx + 5 using your graphing calculator.

Fiotl Flotz Flots
~NMiBoosCHa+S
~Mz=
wMr=
wMy=
wMeE=
~MNE=
~Mr=

Remember to
adjust the
viewing
window.

M

1 3 : .
Example 17 Graph y=- 5 cos(ﬂx + 7”) using your graphing calculator.

WARNING: Be sure to use the negative key, next to the key, for a negative.

Do not confuse it with the subtract key (in the right hand column.)
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We know, from studying trigonometry, that this graph has a period of 2, a phase shift of
3

1
——, and an amplitude of 5 So let’s use a window where y-values go from —I to 1 and

x-values go from —% to E

2

FlotLl Flatz Flots THOO]
M8 -1AZ2 hcos e #min=-1.5

H T2 AMax=0s2
M= necl=,5 frﬁx frﬁﬁ

wMr= “Wmin=-1
~My= “max=1 Jf Hx
M= Y=o l=1
~ME= HAres=1

WARNING: Always be careful when you use parentheses on your graphing calculator.
Compare how we used parentheses in Examples 14 — 17.

Asymptotes and Your Calculator

Example 18 Graph y = tanx using your graphing calculator.

The graphs below were done using a TI-84.

Zoom Standard Zoom Trigonometry

e g Y
A LA S

The following graphs were drawn using an older TI-83 calculator. This older operating
system plots points and connects them. This can make it look like the calculator is
showing asymptotes, but it is not. Always consider what you know about a graph when
you are interpreting these lines.

zoom standard zoom trigonometry

:}-:-taitr-1-:-t{zHF:~l1it3 J j j
~MiBtan

M=

shr= A ,j J J \

R$H= ‘( { ‘( {f [f
T E=

~E=

“Me=
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WARNING: Your calculator does not draw asymptotes. Depending on the operating
system, it may or may not connect points across undefined values. Use what you know
about the function to help you interpret the calculator’s graph.

The Reciprocal Functions

Your calculator does not have keys for the cotangent, secant and cosecant functions.
Use what you know about their reciprocal relationship with the other three trigonometric
functions.

Example 19 Graph y = csczx using your graphing calculator.

1
Remember that cscx = ——.

S x

If we use a zoom standard window with a TI-84/83 Plus, there are so many connections
that the graph is unclear. A better window shows x-values from 0 to 2 and y-values from
—10to 10.

The period for this graph is 2. Press [TRACE | 1| ENTER  fo see that the calculator knows

that cscrr is undefined. The calculator does not connect the two parts of the curve.

Zoom Standard Zoom Trigonometry

FIotL Flotz Flots
~MMiBlozincHEa
~Me=
wMar=
~My=
M=
Me=
~Nr=

WARNING: A given window may be better or worse depending upon the type of
graphing calculator you use.

Choosing an Appropriate Window

WARNING: Do not count on your calculator to automatically find a good viewing
window for graphing a trigonometric equation. Find its period, phase shift, and
amplitude (if possible) before you graph it using a calculator.
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Example 20 Graph y =sin30x using your graphing calculator.

Your calculator can give you very different shapes for this graph, depending upon the
window you use. Here are some incorrect graphs for this function.

Zoom Trigonometry 4 4

I 20 O 0 1 b 1

To graph this correctly, notice that

T
the period is 5 A good window ;E;EE'EE -. 28943

95,

B e N AN

shows x-values from —— to —, m;g;zz \_/’ U
I5 15 Yool=1

with y-values from —2 to 2. Ares=1

WARNING: Do not count on your calculator to automatically find a good viewing
window for graphing a trigonometric function. Always find the function’s period, phase
shift and amplitude before you graph it using a calculator.

Graphing the Trigonometric (Circular) Functions in Degree Mode

SCI ENG
FLOAT U S-ciL B i R

Although we rarely graph trigonometric functions

in degree mode, your calculator can do so. S by oo

CONNECTED Ay
SERUENTIAL ey IIE
[G1]  a+bi- FiTEL
@'|88 HORIZ 0G-T

First be sure that your calculator is in degree mode.

Then, as with any graph, consider the scale you want to use and an appropriate window.
The ZTrig zoom option is designed to graph the six standard trigonometric functions.
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ZTrig in Degree Mode

The seventh zoom option is the zoom trigonometry window.

Select it and then press WINDOW| to see the window values
in degree mode.

tZ0ecimal

EESquaPE
Notice that the y-values are ; %%::?gda"d
TRLIIL
Hmine 352, 5 from —4 to 4.
Amax=352.5
ﬁs;lfg The x-values are from
Yman=d about —352.5° to 352.5°.
Y=o l=1
ares=1

Notice that this range is almost —360° to 360°.

WARNING: Always carefully consider the equation you are graphing before you
choose your viewing window.

Example 21 Graph y =sinx using your calculator, in degree mode.

Flatl Flekz Flobz

Press E m :mgﬂnim
x?sf

To graph it in a standard window :3;;
~NE=

press @ (for zoom standard). — [¥z=

The zoom trigonometry window is a better window. To use it press ZOOM .

Zoom Standard Zoom Trigonometry
10 4
—10° 10° -352.5° 352.5°
-10 —4

WARNING: Notice that a zoom standard window shows only from —10 degrees to
10 degrees when your calculator is in degree mode.
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4  Polar Coordinates and Graphs

Using a Calculator to Convert Points

You can find the calculator commands to convert between
polar and rectangular coordinates by pressing ANGLE .
Use options 5 through 8.

R stands for rectangular and P stands for polar.

For example, option 6 stands for “find the polar € given the rectangular coordinates.”
The result is only the #-coordinate.

WARNING: Because € can be given in either degrees or radians, be sure that you have
your calculator in the mode that you plan to use.

Example 1  Find the polar coordinates in degrees for the rectangular point (—3, 4).

Be sure that your calculator is in degree mode.

Press ANGLE

for option 5, rectangular coordinates to polar r,| ]

then [,] (comma, the key above the 7 key)

(i1 SCI ENG
FLOAT U S-ciL B e

FAE FOL ZEQ
CONNECTED
SERUENTIAL NN
N a+bi FeTAL
4'|88 HORIZ 06-T

ENTER| fo find r. (3 =TT A
RS -3, 40
Press ANGLE [6] 126. 8695976

for option 6, rectangular coordinates to polar 6,

then ()] [3] [] [4] [ to find 0.

The polar coordinates for the rectangular point (—3, 4) are approximately (5 , 126.90).
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Example 2  Find the polar coordinates in radians for the rectangular point (2,—2).

(L ECI ENG

RULN 01l:z4EBETFHD
DEGREE

8 FAE FOL ZEW
CONNECTED Ay
SERUENTIAL ey IIE

N a+bi FeTAL

@'|88 HORIZ 06-T
SETCLOCK L : Pt e R i1

Be sure that your calculator is in radian mode.

Press ANGLE

for option 5, rectangular coordinates to polar r,

then [2] [ D] to find r .

WPriZs —2
Press ANGLE [6] P, 220927125
- 7e53981634

for option 6, rectangular coordinates to polar 0,

then [2] [] 0] t0 find 6.

Notice that 8 is an approximation for e

The polar coordinates for the rectangular point (2,—2) are approximately (2.83,—0.79) .

WARNING: Your calculator yields only one set of polar coordinates. Remember that,
although a point has only one set of rectangular coordinates, it has infinitely any different
sets of polar coordinates. For example, the rectangular point (2,—2) can be found using

the polar coordinates (2,7—7[] , (—2,3—7[] , (—2,—5—ﬂj and [2’_Z] .
4 4 4 4

Example 3  Find the rectangular coordinates for the polar point (—6, 330°)

NOFMAL E=s S 3|11

Be sure that your calculator is in degree mode. FLOAT LT RN E

Press ANGLE

for option 7, polar coordinates to rectangular x,

then [(-)| [6] [] [0 to find . PRI

-5, 136152423
Press ANGLE FRuCE, 336)

for option 8, polar coordinates to rectangular y,

then ()] [6] [[][@ [ [0 [0] ENTER o find 6.

The rectangular coordinates for the polar point (—6, 3300) are approximately (—5.20, 3).
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Example 4  Find the rectangular coordinates for the polar point (2,%} .

Be sure that your calculator is in radian mode.

Press ANGLE

for option 7, polar coordinates to rectangular x,

then [2][] @ = [£] DI to find x.
Press ANGLE

for option 8, polar coordinates to rectangular y,

then [2][[] 2 n [£] DI to find y.

The rectangular coordinates for the polar point [2,%) are approximately (1 .41,1.41).

Graphing Polar Equations

To graph a polar equation using your calculator, first change to
polar mode. Press MODE|, move down and across to POL and press
ENTER | to select it. You can use either degree or radian mode.

In polar mode, the x-key becomes the &-key.

WARNING: Remember to change back to FUNC (function mode) when you want to

work with functions of x.

The Zoom-Standard Polar Window

In polar mode, (6],

Radian mode

SCI ENG

SETCLOCK D] Sk L i1

[ =P o
1.414213562

FrRad.mr 42

1.414213562

oL )

1
FURC FAE
CONNECTED

Degree mode

FLOAT I Rt R e : B
EGUREE

EW

oot
SERUENTIAL N IIIN
[G]  a+bi- reTEL
[4'|48 HORIZ 0-T
SETCLOCK P (e bk N 51

THOICL THLOIL
o Ao ety o madianmode | ShAES oeyiess | | AN,
o approximately 2 in radian mode Max=F. maK=
Pproximately Bzter=, 1305996, Bzter=r, 5
and 0° to 180° in degree mode, Smin=-16 Hmin=-18
with x and y from —10 to 10. ﬁgg”f;%a ﬁgg*f;%a
pmin=-16 MYmin=-1@

Adjusting the Window Values

As in rectangular graphing, you can adjust the window values by pressing and

entering new values.
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Polar Graph Coordinates

You calculator can tell you

the rectangular coordinates of a point on a curve,
or the polar coordinates.

To change from one to the other,

press 27 | FORMAT (above ZOOM)),

move on top of either RectGC

(for rectangular graph coordinates)
or PolarGC

(for polar graph coordinates) and

press ENTER | to select it.

Then return to your graph or the home screen.

WARNING: Be sure to change back to rectangular graph coordinates when done.

Polar Graphing Examples

3
Example 5  Graph r = 9sin(§ 6’] .

Be sure that your calculator is in polar mode and radian mode.

Flokl Floke Flokx

Press ly=|. Notice that it now says r=. W 1B9sin3A2)

=

. . Y=

Type the equation using the x-key to enter 6. [-r&=

~a=
To graph it in a standard window TR
press ZOOM| | 6| (for zoom standard). EHQQEEH

EstEP=ié3ElE=99I5...
Mmln="

Notice that this does not look complete. ﬁma:ff%la
The standard window graphs 6-values from 0 to 2. T =16

To show all of this rose, we need 6-values from 0 to 4.

Press WINDOW, and adjust the @-max to 4.

Now we can see all of the petals of the rose,
but it looks misshapen because

the screen is wider than it

is tall. To adjust for this,

press (for zoom square).
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Press [TRACE]. TECTELTE]

Move the right or left cursor
to see rectangular coordinates on the curve.

Press FORMAT to change

to polar graph coordinates.

Move to the right and press [ENTER| fo select it.
Then press [TRACE. F1=0zini3a, 2]

Move the right or left cursor
to see polar coordinates on the curve.

|E=E.oo0ized |e=.28z69908

Example 7  Use your graphing calculator to graph » = 6 cos®* 40+ 4sin36 .

Be sure that your calculator is in polar mode and radian mode.

] ' i — FlotL Flotz Flots
Press . Notice that it now says r=. BB Los (487 14
s intIg)
Type the equation. iyl
Y=
e
Press [ZOOM| [6] to graph it in a standard window. e

To eliminate the axes (and better see the curve), press FORMAT (above ZOOM)).

Select AxesOff and press to return to the graph.

ol arGo

Press FORMAT , select AxesOn and press |GRAPH) to return the axes to the graph.
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Finding a Value

You can use the TRACE key to find an r-value when your calculator is in polar graph
coordinates. Press TRACE]|, type in the #-value and press ENTER].

You can also find r-values by pressing

CALCULATE (above [TRACE])
[1] type in the @-value and press [ENTER].

Example 7  Assume 7 = 6cos* 40+ 4sin36. Find rif §=70°.

Be sure that your calculator is in polar mode.

FolarGo

If you graphed this in Example 6 above,

the equation is already in your calculator.
If not, follow the directions in Example 6.
You can have the axes on or off as you wish.
Be sure that the coordinates are set to polar graph coordinates.

SERUENTIAL TN
[G8  a+bi  rFeTRL
"898 HORIZ G-T

Because 0 is in degrees, change to degree mode.

Then press (6] to graph it

in a standard degree window.

F1=RlCostHBI I Y +Ysiniza)

Then press [0]

OR, press CALCULATE (above [TRACE])
[0] ENTER].

If &= "70°, then r is approximately —2.

E=-1.99Y4EY4E fa=70
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Using a Polar Table

We can use a table to see many polar function values at a time.
Enter the function in the y= screen.

Press TBLSET to set a starting €-value and ATbl, the difference between 6-values.
Set both Indpnt and Depend (independent and dependent variable) to Auto.
Press TABLE to see the values in the table.

Example 8  Use a table to show values for » = 6 cos* 40+ 4sin 30 in degrees.
Be sure that your calculator is in polar mode and degree mode.
Type the function into the y= screen.

Before viewing the table, we need to use the Table Setup Window to enter a starting
0-value and ATbl, the difference between each 0-value.

Let’s start at 0° and increase in steps of 15°.

Press TBLSET (for table setup,
I'HELE SETUF

above WINDOW)). ThlStart=s
Press [0 5.

To see the table:

Press TABLE (above |[GRAPH))

You can use the up and down cursor arrows to scroll through any table.
You can use the Ask feature to find values in our table.
In the table setup screen, change Auto to Ask.
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5  Parametric Equations

Graphing Parametric Equations

To graph parametric equations using your calculator, first change to
parametric mode. Press [MODE|, move down
and across to PAR and press [ENTER |to select it.

You can use either degree or radian mode.

In parametric mode, the x-key becomes the #-key.

SCI ENG
FLOATEE L R - R

FOL SEW
C oot
SEQUENTIAL puced, 17N

SET CLOCK R Yl O Behed : 1 |

WARNING: Remember to change back to FUNC (function mode) when you want to

work with functions of x.

The Zoom-Standard Parametric Window

In parametric mode, (6],
ZStandard, graphs ¢ from

0 to approximately 27 in radian mode
and 0° to 360° in degree mode,

with x and y from —10 to 10.

Adjusting the Window Values

Radian mode

THOON]
Tmin=8
Tmax=&.233

Amin=-18
“max=16
nacl=1

LY min=-18

1293
Tster=. 1368399,

Degree mode

THOOL
Tmin=8
Trmax=3c6
Tster=r.5
Amin=-16
Amax=16
nacl=1
Ymin=-16

As in rectangular graphing, you can adjust the window values by pressing and

entering new values.

Parametric Graphing Examples

x = 3cost
Example 1  Graph )
y = Tsint

using your graphing calculator.

Change to parametric mode. You can graph this in either degree or radian mode.

Let’s use radian mode.

Press E Notice that the window is

set up for parametric equations.

Flotl Flotz Flots
~HirB3cosCT)
YirBFP=indT2
WHET S
Ver=
WHRET S
Var=
SANT =

Type the equations.

Press ZOOM | 6| (zoom standard) to see

the ellipse in a standard window.

il B
R -
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x=4.2 cos(lO;rt)

using your graphing calculator.
y=42sin(10zr) YO BEPHNS

Example (|  Graph {

e sure that you are in parametric and radian mode.
Press E and type the equations.

f'you graph this in a standard window ' it will not gi' e a correct graph.
This is [ ecause the period of onelfifth is almost as small as the standard t|step.

Change to the t[lalues shown [elow and press :

Then press [ZOOM| ] (square) for a window that uses the same scale on each axis.
This will male the circle [loo[1]round.

Ulatch the screen as it graphs to see the direction of the cur!e.
Clr press [TRACE|. Then use the cursor to follow the path as t increases

Flakl Flakz Flokz THDIL Ar=H.zcosid_[rir=H.2ninil_

1T Bd. 2ocosC18nT Tmin=a
. Tmax=1 F—
:l'-.’1rE4.251r'|'iiElI|:T §5L9P=i%1 F i1
min=-

wHET = Amax=16 L-—P"r

Mer= necl=1 T=.03
wHITS Ymin=-18 = heREeAL [v=z.2078714

Example 7] A child throws a ball from a height four feet above the ground. She throws

it at an angle of 45° from the ground with a velocity of 16+/2 fi/s (about
22.63 ft/s). Assume that the child throws the ball at time t = 0.

x =16t
y=16t-16t> + 4
Graph the trajectory (the path) of the ball on your graphing calculator.

The parametric equations that model this are{

. . . LML
Looling at a standard window in radian mode! Tmin=8

we can see that we need to increase the x!max Lalue. Eﬁ;é: f%géggg

ﬁminfééﬁ
"Ise window to change x'max to [11so that HEET;l

we can see where the [all hits the ground. phmin="10

"emem! er that the [uall stops when it /\

hits the ground (the xlaxis). \

(f'you want to use degree mode! set T[T 1to [Iwith a step of 1)
Finding a Value
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You can use the [Tale [el]to find x- and y-values for a given #-value,
if your calculator is in parametric mode.

Press [TRACE |, type in the #-value and press [ENTER].

You can also find r-values by pressing

CACUIATE (above TRACE])
and type in the z-value and press ENTER].

Example [/ Find the location of the ball from Example 3 after one second.

Craph the parametric equations as in Uxample [ 720 X,f"bim'

Then press [TRACE] [] ENTER]. \
=4

]
i
e
m

Using a Parametric Table

We can use a table to see many parametric equation values at a time.
Enter the function in the y= screen.

Press [1 ] TOICET to set a starting ¢-value and AT(, the difference between t-values.
Set both I "and DT (independent and dependent variable) to ArITL
Press [1 ] TALLE to see the values in the table.

Example (| Use a table to show values for the trajectory of the ball in Example 3.

e sure that your calculator is in parametric mode and radian mode.
Type the function into the y!| screen.

Cefore Liewing the tal le[ e need to use the Ta'le [etup [lindow to enter a starting
tlalue and AT11, the difference [etween each 6 [Talue.

1
Let’s start at [land increase in steps of —.
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Press TOCET (for talle setup!)

55

HELE SETLF T sl Rl
alolé |WINDOW). T?&_‘?L??E=E T— o : 4 .
Fay = .
Indent: [IGEE A=kl | 5 |5 g
[ of: [EMils A=k F
Press [ ENTER [] [O] [ erend: [ENAR As i'Es %E L:,é
T=0

To see the tal lel

Press [ ] TAULE (alole [JRAPL))
Notice that the [all hits the ground [etween [land ['1[1seconds after it is thrown.

You can use the up and down cursor arrows to scroll through any table.
You can use the AT feature to find values in our table.
In the table setup screen, change Alinito ATl
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6 Solving Equations Using a Graphing Calculator

There are several methods you can use to solve an equation using your calculator.
Here are some of them.

Solving One-Variable Equations by Graphing

Once you know how to graph using a graphing calculator (See Section 2.), you
can use the calculator to solve equations and inequalities that have one variable.
These calculator techniques are especially useful when the numbers in an

equation are complicated, or when our other techniques for solving equations
have failed.

We can solve equations that have one variable using the graphing capabilities of
the T1-84/83 Plus, using the INTERSECT or ZERO commands. But first we need to
understand how to use a graph in two-space to solve an equation that has only one
variable.

Whether or not you’re using a graphing calculator, you can solve a one-variable
equation using graphing in two-space. Two-space has two variables. So we need
to change the single equation into a system of equations that has two variables
and two equations.

Procedure: Solving an Equation in One Variable by Graphing

1. Rewrite the equation in the form f (x): 0.

2. Lety = f(x) and y, = 0. (Notice that y, = 0 is the x-axis.)

3. Graph y, and y, in an appropriate window.

4. The x-coordinate of each ordered pair where y, intersects the x-axis solves the
equation f (x)= 0.

Why does this work?
If you substitute zero for y into the system of equations {i 6{ (x) then you get
f (x): 0.

The equation f (x)= 0 is our original equation.

So the x-coordinates of the solutions to the system also solve our original
equation.

WARNING: This method finds only real solutions. It does not find imaginary
solutions.
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[J[all [Te [] Useagraphtosolve x°=4.
OO OO ATO (x)=00 x> —4=0

— 2_
O {i‘:f) Y ommmom
=

UL I Ty, AT LTI
U0 G, I b (T (I

\HIMMM\HWHHHM\\WMWWHMHHHIHHwLO)[[IIEEO)D
OO IO g OO T T T T I T T AT T T T I T T T TTT]
So the solutions are x =2 or x =—2. LTI T IO I T T T I

There are two ways that you can use your calculator to find the x-coordinates
where the curve y= f (x) intersects the x-axis: (1) using INTERSECT and

(2) using ZERO.

Using INTERSECT to Solve an Equation in One Variable

The intersect command finds the intersection of t[Jo curles.

WARNING: You must have TWO curves to use INTERSECT. So remember to type in
1ty and y,.

WARNING: Your calculator uses an iterative, numeric technique. So be aware that
your answers are al | rol imate, not exact. And this technique does not give any
imaginary roots.

ivalue
fzero
fminifum

2 Max imum
interszect
fogsdx
G

To find the intersect command:

OO T7] corC MM T TTTROCEN
(10 [ O] DI

I ENG

WARNING: We are working with functions of x.
Be sure that your calculator is in [unction mode.
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“llam[le [1 Solve using the intersect command on your calculator.
X' +3x*=x+6
Round your answer to three decimal places.

0 f Q‘(x):OD X +3x —x-6=0

amiin {y1=x3+3x2—x—6
Y =0 Flekl Flokz Floks
M EEIAIEE-H-E
COCCTTA T T T T R T T T xﬁzﬂla
M=
Ly 7 ~My=
Hﬁs: [
LTI T (O T T nhEE
[l (LT =
[] CHCCTTOOII T T IO IO LT IOT T IOn IO fez=a J
SeCahd CUFYETY
2= [ Y=

z=i
O T T T T T T T T ] J
(IO CT LTI T T OO T IO T T T [T [T
j \fut“? f/ ‘II(
#=1.27EERSR [v=n

LTI [ENTER.

OO O L AT QTN T I,r
O3 (LD Gy LI (L D I fieersectian

o |

OO0 (D CI I T T LI T L [ O = 1.303 O

WARNING: Be sure that it says “[mmmim.”
If it says “0/1 1117 then you have not yet found the solution.

(IO T T T (e LTI T T T LT TCCT T T AT T T T T T T T T e LTI T
CITTI T
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DI zoor] [J0 O
D\\MMIMWIMHHHIMH\HHHHHIHHHIHIIIW\HHHHMEﬂﬂ\H\ j

OO LI T T LI I T T T THENTER]

T (O T I T T T I S (T li=-1.276508 [v= - gus16es

O] CELTIT T T e 1T NTER|[!

O CT T T T T T T T T T CT T T T )

OO T T T T IO T T T T A T T C I T I T

g —_——ary

Igt-zr's-zcti-:-n\ ﬁgt_%r‘stcti-:- \

E CEZ0EPTE VS0 LR

Our three approximate solutions are x =1.303, x =-2.000 or x =-2.303.

[Jfam[le [] Solve using the intersect command on your calculator. x* =2"

S R
OO x* =25 =0, i =% viEE
» =0 T
~hy=
x?sf
E&DD[IIEﬁIIHWIIHMHHHV]HH [TT1 :ﬁg;
COTT IO T ) O I T LT 0
[DDHI]C!EMR\{HIIMMVHMW{HHHMHHIM.D & J
-y
OO I AT T T T T T GA T T T I T .
7 Inberseckion
(T T AT T T A (I T #=".BELEHEE (V=0
COTTTO OO TIO T T X = —0.861 LI E=1.240 [ \J
Lo FIOTT IO T 11 3
CIC T T T T T T T T T ] Inbersection
[=i.zzm6277 [v=n
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LTy O T Ty T I T T T T T T T T T T e ]

(I1Tzoo0] [ ENTER[

O T T T T T T T T TAT AT T
(T T T T T

Inkgrscckion
lii=is Y=i

Our solutions are x =—0.861, x=1.240, or x =16.000 .

It is difficult to show all three of these intersections at once in an appropriate
window.

Here is another window view of the curve y = x* —2":

THOC]
Emin=-5

In this window, the intersection on the right and the local maximum are clearly visible.
But the two intersections near the origin are hard to see. Sometimes there is no
perfect window to show all of the important parts of a curve.

An Alternate Approach to Using INTERSECT to Solve an Equation

Cfam[le [ Solve x* =2 using the intersect command and another approach.

. . . . Flokl Flakz Flokz
Here is another approach to solving this equation: aﬁfaéié ’

. ¥ -

Instead of using y, = x* —2* and y, =0, you can ﬂi:

~My=

let y, =x* and y, = 2" and then find their intersections. :Ef

wMe=

You will need two different windows to show all three intersections.

Here is one example of a window for finding two of the intersections:

THOO
Amin=-5

AMaxE=5

ﬁ5§1=12 fﬂ‘

Mmiln="

“Ymax=5 it ]
wscl=1 Intersection Inkergection

Ares=1 E=1.23552?? Foe.Ze1375D |H- BELZHES |¥= ECONZO03
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This is an example of a window that allows you to find the third intersection.

THOO
EMmin=-3
Hmax=26
wecl=2
Vmin=-186
“Ymax=7 oEEE
wac 1=2EaE Interscchion

wres=1 s U I T

As before, our solutions are x =—-0.861, x =1.240, or x =16.000 .

Although this approach works, it is usually easier to find the intersections of
y, =x*=2" and y, = 0, because the intersections are on t[ e x-alis.

When the intersections are on the x-axis, you only need to look for intersections
along that horizontal line, rather than searching throughout the coordinate system.

Using ZERO to Solve an Equation in One Variable

We can use the zero command on the TI-84/83 Plus to solve equations with one variable.

This commands assumes that the equation is in the form f(x)=0.

It finds the al [ rolimate real x-values that solve the equation.

fminimum
Emax imum
linterzect
ogsdx

Let y, = f(x) and do not type in a y, . s PR ol

D[ C 7] core MITTTTROCE ML Tzero

WARNING: You must isolate zero in your equation to use the zero command.

"lfam(le [1  Use the zero command on your graphing calculator to solve
x” = x+ 3. Round your answer to three decimal places.

D[E\\MMMIMHIIHMIHHHMIy\H\Ef(x)Z()]

O 1= A
Ty, =x’—x-3. V=

(O] y, OO0 [ugis -

(LT LTI T T T T I QEEZ fﬁ
T T T T 1 W=

O MTZERO M O] CE I T T T T T T T T

3
x—x-3=0 FIetl FIetz Flots /
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OO I U IO T T I C CC I I
O OO O I e (e (I fr=a3-5-3 } [r=sTs-5-3 ,/

Lebt Eound? Ru_ilhl:B-:-und? -
OO O LT LT[ BEl-0638288 Tv=-2.A5806R | E=LoeiH b=z ssonen

fFr=r = -n-3 fF=i=-n-=

[ ] [ ]
[ COTO I O T O LT }( ]£
fJ !
ENTER : ! .

E':ﬂzhigggggﬁ Y=y.coyiire EEE.E:IS.EPESBE V=4 Ea4iirE
O (O (T OO 75
(LI T IO T (e (I
OO ENTER] (LI CL LTI (1)

ngﬁziz?? R kL Egi?ﬁ?iﬁﬂﬂﬂ V=i

The real solution is approximately x =1.672 .

O C CT T TR T T T T I Ty (T T T

WARNING:

Be sure that it says “[1717” in the window.

If it says “0100 117 then you have not yet found the solution.

WARNING:

It does not find imaginary solutions.

This method finds approximate real solutions.

Using Your Graphing Calculator to Solve an Inequality

You can use the graphing feature of your calculator to solve inequalities, using

the following step:

1. Let y, be the left side of the inequality and y, be the right side.
2. Graph y, and y, in an appropriate window so that all intersections can be seen.
3. Use INTERSECT to find all of the places where the curves cross each other.

These are the endpoint values.

4.  Look at the graphs of the two functions. The function values are larger as
you go up and smaller as you go down. So the larger function is above the
smaller function. Shade the regions that match the direction of the
inequality remembering that y, is the left side of the inequality and y, is the

right side.
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‘Cam(le [ Solve |x+2|>3 using a graphing calculator.

Ty =|x+2| 00y =310

O O T T T TTI  TT TIT I AT T T
ODINTERSECT AT I T CIT T T T T T T
FIotl Flekz FI0LF

Ny Babs (H+2 0 ‘\\

~N B3

3= e ¥

My =

MNe=

B Inkersection Inkerseckion

~Nr= JE=- =3 Bzl Y=
OO T (T O T T T T T ] T T

< — ¢ >

y
DN

UL [Ty, [T T ICTTT - ”
ULy, (T TIT T ) . X
L] FU T T T I T T O -5 2 1
LI T I T T AT
(L y, O OMIC I T Ty, (I T T T
LT T I T T T LT I

€ = S P> interval notation: (—0,~5)(1,0)

inequality: x<-5 or x>1

You can also draw a number line showing this solution on your calculator with an
inequality.

The inequality symbols are on the TI-84/83 Plus under ToiTabove the key.

. Flokl Flotz Flok=
A value of “one” is plotted 1 Babe R T

when the inequality is true. NES

~Na=

~Ny=
A value of “zero” is plotted when it is false. :E;
~Nr=

WARNING: This second method gives a nice picture of the solution.
But you cannot use this method to find the end [ oint [ alues of the interval.

Using SOTER
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You can use the equation solver on the TI-84/83 Plus to solve equations. SOLVER is
available as option zero under MATH, in the MATH menu. Scroll down to see it.
It finds approximate real solutions to equations, one at a time, using a given domain for x.

2 1
Example 7  Use the solver command on your calculator to solve x° =x3+2

Round your answer to three decimal places.
2 1

First rewrite it in the form f(x): 0. x3-x3-2=0

HUATION SOLVER
SR IHI S EAR AR Tk
1302

Press |MATH| 0 (zero, for Solver).

(If you need to, move the cursor
to select the equation.)

Type the equation. Press|ENTER|.

L3I [ 5]

Move the cursor to bound =. o= -1, 160

There’s an x-interval given in set braces.
Edit this to read(—l 0,1 O).

Move up to x = and make a guess

for x in the new interval. Let’s guess 9. Ht%fS:-—H T =0
So type in 9. bound=1{-18, 163
m left—ri=0

Then press SOLVE (above |[ENTER)) .

The solution x = 8.000 appears.

The left-rt at the bottom of the screen is an indication of the accuracy of the solution — the
closer to zero the better.

Change the guess to —9. (fri—a s = i T T
Press |ALPHA| SOLVE o get Pafpdnelg® I | | foyndsioLe. 1A

the second solution.

So x=8.000 and x =-1.000.

WARNING: The challenge when using SOLVER is to be sure that you have found all of
the solutions to your equation. Be sure to carefully choose your guesses and intervals
for x.
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Solving an Equation Using POLISLILT

PolS[T1t is an application program available for your TI1-84/83 Plus.

You can download it from the Texas Instruments Web site
(http://education.ti.com/educationportal/sites/US/sectionHome/download.html)

or transfer it from another TI-84/83 Plus calculator if it did not come preloaded on
your calculator.

PolSi1lt (Polynomial Root Finder and Simultaneous Equation Solver) can find
real and complex solutions to pollnom(al e[ allons. (It also solves systems of
linear equations. See Section 7.)

Running the Polynomial Root Finder and Simultaneous Equation Solver

To run this application, press | APPS |,
select PollSTIt and press |[ENTER |.

To exit the application, press | [1]in the
main menu (for JutiPol[ST1lt) or press 0orT.

r3ankEsF
t0r3anFra
t0rgdanize
tPerioden
tPeriodic
PolaSmlt
Frob Sim

The Polynomial Root Finder

This part of the Polynomial Root Finder and Simultaneous Equation Solver application
solves polynomial equations in the form P (x): 0 where P(x) is a polynomial with a

degree of 30 or lower. Start by isolating zero in the equation that you want to solve.

Then press | ] (the one key for PolRoot Inder)

in the main menu of the Pol S{11t application.

Fol Reat Finder
TEIMUIEEAn Solver

sAbouk
Type the degree of the polynomial from the equation ik et

~QUik FalrEmilt
that you want to solve and press | ENTER |.

Type the coefficients of the polynomial, pressing after each one.

Press | [RAPH | (for SOLVE). Wait while the calculator solves the equation.

If some of the digits of the solution are off of the screen, use the cursor arrows to see
them.
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Changing the Mode of the Solution

If you want to change how the solution is displayed, press [ MOTE |.

Select REAL to display only the real solutions.
Select a+ bz to display complex (and real) solutions.

You can also change from normal mode

to scientific notation (St1).

Or change to a selected number of decimal points
rather than a floating-point display (7lolt).

Press (for escape E[1) to return to the last screen.

Example [

X 4+2x-15=0

Then press | APPS |, select PolS(It, and press |ENTER|.

Press [ U] (the one key for PolRoot.nder).

Type || for a degree of [1land Iress [ENTER .

First isolate zero.

Ty le the coefficients of the! lolynomial,

[ressing |ENTER | after each one.
Press | /RAPH | [for SOLVE |

The solutions are x =3 or x =-5.

FoleEm1t HODE Sxtkinds

TITINER] =ci End

AL 0izz4EEFED
IO Dedres

[0 I + b T

Esc |

Solve x” +2x =15 using the Polynomial Root Finder application.

PedrecofFoly =20

HAIN] ] |LOAD |

azx e tatx+anr=e
az=1
a =2
an=-15

HAINDEGK|CLR|LOAD|XOLVE

azx " rtatxtan=e
w1
®g="2

RAIN[COEF 5[=T0a[5T0x[5T0Y
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Example (|  Solve x’ + 3x” + 3x + 1 =0 using the Polynomial Root Finder application.

To change the degree of the polynomial, press (for 1IOELS or coefficients) and
then (for TELIR or degree). i

DedrecorPoly =30
Type |3 | (for the degree) and press | ENTER |.

Type the coefficients. WAIN] | JLOAD]
Press (for SOLVE). A =:-%+...+a1:-=:+au=El
g =
. /=3
Ulait for the calculator. an=1
_ [RATR [DEGE [ CLF[LOAD [ZOLVE |
(e know that x* +3x" +3x+1= (x + 1)3 . —L0REaR | LR LD | 20V
So the three solutions are the triple solution x=-1.
R N
. L . Al
D'ut‘ this calculatm.f uses approximation techniques, S RAERzALZ
giving these solutions!] xz=-1.BE0A3A17..

x; =-0.9999396494
x, =—1.000030175 + 5.226869759F — 57
x; =—1.000030175 — 5.226869759E — 57

To see all of the second and third solutions scroll down and then to the right.

HAIN |III]EFS|STI]-:IISTI]:-:|STI]!-'

Two of these seem to be imaginary solutions.

Uut if you round them all three solutions round to —1+ 07 , the correct triple real
solution of —1.

The solution is the triple root of x =—1.

WARNING: Be careful when you use this application to solve polynomial
equations. Be sure that you interpret the solutions correctly.
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7 Solving Systems of Equations Using a Graphing Calculator

Solving Systems of Equations Using INTERSET

The intersect command on the TI-84/83 Plus finds the intersection of two curves.
We can use it to solve systems of equations that have two equations and two
unknowns, if the equation can be written as a function of x: y = f (x)

WARNING: Always be sure that you have graphed the two functions in an
appropriate window, so that you can see all of the intersections.

To find the intersect command:

Press [[®] 0ALD (calculate, above [TRALE
option (intersect)

ivalue
IZero
fminimum

I maximum
interzect
foaodx

HEK T s

Example [|  Solve by graphing. {ﬁj 3:)}5

Flotl Flotz FIots
First rewrite the equations in the form f(x): 0. SN B2 T
~MzB RS
2 “Na=
2x=3y = y=—x My=
3 ~ME=
~ME=
X+y=5 = y=-x+95 WNip=

Type [111lfunctions in the y= screen.

Then graph them in a standard window.

Find the intersect command as described above,

. Z="H+E
and select it. r \\ :‘;\.(’/

When asked for the first curve,
press ENTER | to select y,.

ond CUFYs

L3
=1.Z7e5I5F IVSE FeEH0E

[

=4+
Then press ENTER  to select y, as the second curve. r \}-(_/-’

For your guess, move the cursor close
to where the cubic curve crosses the x-axis. et E—

¥=z.0z21z766
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Then press |ENTER|

The ordered pair solution
appears at the bottom of the screen.

Inkerswckion

[E=z v=z

The solution is (3, 2).

Notice that this is the ONLY solution, because the lines intersect in exactly one place.

WARNING: Be sure that it says “rmmimL”
If it says “[10 11117 then you have not yet found the solution.

x2+y2:9

Example 2  Solve using your calculator. {y NP

Round your answer to two decimal places.

Clirst rewrite each el uationin y = f (x) form.

x2+y2:9:>y2:9—xzz>y:i\/9—x2 This is a circle.

To graph it, we need y, =N9—x> and y, =—9—x* =—y,

lee Lection [ [T anille [if you need hel ] [lith this.[] Flotl FTokE Flofs

e 42 ~MAETC=HE D
L y;=1+2. Azl -4y

R ] - B

~My=

Crd h these three functions in a Loom-decimal [lindo. :ﬁg;

R i

We need to find where y, [the linel
crosses either y, or y, lthe circlel.

"etls find the intersection on the left.
This is the intersection of the line [y, [

and the bottom half of the circle [y, [

et
Find and select the intersect command. r / \

AN
N

When asked for the first curve, press the up or \fi él:ﬁm-- )
down cursor arrow until the line is selected. E=.:  iszg
Then press [ENTER|.

When asked for the second curve, press the up or down r:-ﬂ/'y\
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cursor arrow until the bottom half of the circle is selected.
Then press ENTER|

For your guess, move to the intersection with

the right or left cursor arrow and press ENTER,. /' 7\

The solution is (~2.87,-0.87). X

IE':_'H"S'E\:“I:II'I

|H- c.B70Bz9 4Y= - B 0ECE7

"¢ leat this for the other solution.
This time find the intersection of y, and y,,

the line and the ta | half of the circle.

The other solution is (0.87,2.87).

WARNING: Be sure that it says “mmmrmrL”
If it still says “C7717, then you have [T found the solution.

NOTE: These are approximate solutions. You can use [ [T to find exact
solutions to this system of equations.

Using Your Graphing Calculator to Solve a System of Inequalities

Your calculator can "elp you find the solutions to a system of inequalities.

But [ need to make the decision about whether to shade above or below a curve.
“I[TTmust be able to write all of your curves in y = form (function of x form).

([ TImust remember to [Tal the curve dotted when necessary.

Example [|  Use your calculator to sketch the graph of

y<x’=3x-4.
2

Tress [ 1i[and type x> —3x—4 for y,. H:}:EHEE%HT&B
xﬁz:
M=

Uotice that we need to shade below this curve. w$u=
wHE=
~MNE=

"love your cursor to the left of y, in the y = window. e




Section 7

[ress |ENTERI]I 3 times
until the downward
triangle symbol appears.

This symbol tells your calculator to
shade below the curve.

The upward triangle tells your calculator
to shade above the curve.

ress [ to graph this in a

standard window.

ketch the solutions, using a dotted parabola.

"Ithough the calculator does not use a
dotted curve, we need to because the
inel uality did not include the ordered

pairs that make y = x> —3x—4 .

Solving Systems of Equations

FIobL FIofz Flobs
b\ BH 25K

~Ne=

wMar=
“My=
M=
~Me=
~Nr=

A
1 y 1

y=2x-10
x+y<8

Example [1  Sketch the graph of <y < %x +4 .

x>0
y>0

71

s powerful as the T3 11111 us is, sometimes it is not the best way to graph an
inel uality. [n this case, we cannot graph x >0, because we cannot write x =0 in the
form y=f (x) UIso, when we graph the other three inel ualities using the calculator, it

becomes difficult to read. [t is actually easier to use the calculator to graph the lines
without shading, use NTERUEUT to find the intersections of the lines, and then shade on

paper.
Flekl Flekz Flokz FlotLl Flatz Flats
YiB2H-1A x¥1EEH 16
YWzES-% zB8-=
WO 13 0H+d x?ini£3)H+4
"y BE ~MyB

MNe= x?s—

“ME= ~ME=

wMa= M=




72 Solving Systems of Equations

Uise a solid line for each line.
"etls number the el uations so that we can keep track of them.

"hade above y=2x-10. [l uation [11]

"hade below and to the left of x+y=28. [l uation 1]

1
"hade below y = Ex +4 . Uluation [11]

"hade to the right of the y-axis. x =0 [l uation [1T]

"hade above the x-axis. y=0 [luation [11]

These five lines intersect at ten points.

The five that do 11T solve the system of inel ualities
are 11T vertices of the solutions.

5
>
§
Cse [MTTICITICT to find the coordinates of vertices (¢, [dland (e g
Ulse substitution to find vertices laland b
vertex (a) (b) (c) (d) (e)
the equations | (4) & (5) | (1) & (5) () &2 2)&(3) B3 &“
the system of =0 =2x—10 =2x-10| [x+y=8 1
equations -0 ~0 +p=8 1 y=Zx+4
y 3
y=—x+4 _
3 x=0
coordinates (0,0) (5,0) (6,2) (3,5) (0,4)
Label each vertex with its coordinates. Y (3,5)
0.4)
The solutions to this system of inequalities are all of (6.2) X
the ordered pairs in the shaded region or 0.0) 5.0)

on the line segments surrounding the region.
The labeled vertices are also solutions.
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Solving a System of Linear Equations Using (10 (00 T

Crmrr mis an application program available for your TI-84/83 Plus.

You can download it from the Texas Instruments Web site
(http://education.ti.com/educationportal/sites/US/sectionHome/download.html)

or transfer it from another TI-84/83 Plus calculator if it did not come preloaded on
your calculator.

Homo (Polynomial Root Finder and Simultaneous Equation Solver) can solve
systems of linear equations. (It also finds real and complex solutions to
polynomial equations. See Section 6.)

Running the Polynomial Root Finder and Simultaneous Equation Solver

To run this application, press [ Co00],
select (om0 mand press [ENTER

To exit the application, press | [1]in the
main menu [for [uit [oly[mlt | or press oo,

r3ankEsF
t0r3anFra
t0rgdanize
tPerioden
tPeriodic
PolaSmlt
Frob Sim

The Simultaneous Equation Solver

This part of Polynomial Root Finder and Simultaneous Equation Solver
application solves linear systems of equations.

Solving a Linear System of Equations

This application uses Gauss-Jordan elimination to solve linear systems of
equations. Start by rewriting the linear equations with the variables in order on
the left side of each equation and the constants on the right side.

From the main menu of 0 @) press | [ [ CTE 000

Type the number of equations and the number of
unknowns (variables), pressing [ENTER| after each one.  p:Fel=ReetFinder

SimultEan o lver
“About

Type the coefficients and constants from your system S

. . *QUitFoleimit
of equations pressing | ENTER| after each one. e

Press for DOUE[ to see the solution.

Press [for RRE [ to see the matrix in reduced row echelon form.




74 Solving Systems of Equations

+3y-7=0

Example [1  Solve {x: Ay+2

using the Simultaneous Equation Solver application.

Uewrite the el uations with the variables, in order, on the left side and the constants

' . +3y=7
on the right side. {x —4y=2

Cress | J000], select Tom0 mand press [ENTER].

Cress [ L] Lfor i CHECO000I L

Type[L] for two eLuations | ENTER | and
then [ )] [for two variables| | ENTER |

Type the coefficients and constants from the system,

pressing | ENTER | after each one.
_ress for DOTE L land

wait for the calculator to complete its calculations.

The solution is (3.4,1.2).

+y+[=3

Example []  Solve {x +3y+40=12

wrabir OFEans =2

uraibezr OF Unknowns =2

HAIR] ] JLOAD |

EYSHATRIN (2 =310

L |aw

zaz=2
|m=|1n| TEH [CLR]LOAD [ZOLYE

o lut.10n
#1E3.4
wz=1.2

HHII'IlBHIIH |[ET0sps[sTO |

using the Simultaneous Equation Solver application.

Tress | 1 INCILID | [for D000 twice to return to

the screen showing the number of el uations.

ress| | [ENTER][1] [ENTERI:

Type the coefficients and constants from the

SIHULTEAN SOLVER

wrabest OF E4Ans =2

urabegr OF Unknowns =3

HAIR] ] JLOAD |

system, pressing |[ENTER] after each one. [y gt =" |E ) SE}E%EQEE'**

ress for LI E o see

HETE=2uz
HE=HE

the solution. HALN] NEH |CLKLOAD]ZOLYE RAINJERCH [ST05ws[RREF |
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The solution, in ordered-triple notation, is (—3 +1,6—2t, t).

x=[~3
Or we can write the solutionas { y=6—-2[1.
(=[]

If you are interested in how your calculator can solve linear systems of equations using
Gaussian Elimination, Gauss-Jordan Elimination or Cramer’s Rule, see Section 8.
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8 Linear Algebra

Entering/Editing Matrices

To enter or edit a matrix on the TI-84/83 Plus,

press [ Jmm OTRO [above 0

and move to the right to select E(IIT.

Example (|  Enter the matrix [1=

B I

oo W N

O N W
5
«
o
o
=
(0]
o
e
=
o
=
(/]
(¢)
=N
o
=R
)
-+
o
=

Tress |11 ) 0TRO [above N

ove to the right to select ELIT. Then press [1ito select [

[ress [TIENTER[I] 20 make [1 [rows and [lcolumns.

Type the entries from the matrix.

e sure to press |[ENTER| after each one.

[ress [ )0 to return to the home screen.

To see the entries in matrix [ on the home screen,

press [ |1 OTRO and press or [ENTER][fo select [
Then press |ENTER)|. [

SES
oLk
wOTated
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1 2 3
Example 2  Edit matrix [toread [1=|4 5 6
7 8 10

[ress |10 CTRO and move to the right to select EI(T.

Then press [1[ito select [

Then move the cursor down and to the right
so that it is on top of the number!1.

Uleplace it by typing (1 and then press .

WARNING: The entry is [1[1[]changed until you press | ENTER|.
Press QUIT to return to the home screen.

Elementary Row Operations

We can use the TI-84/83 Plus to do the three elementary row operations:

1.  interchange two rows. (Swap rows.)

2. multiply a row by a non-zero constant.

3. add a constant multiple of one row to the corresponding entries of another row.

NOTE: See Examples 1 and 2 for how to enter and edit a matrix.

Swapping Rows

To interchange or swap two rows, press MATRX
and move to the right to select MATH.

Then select option C for rowSwap(.

The format for this option is rowSwap(the matrix, the first row, the second row).

Multiplying a Row by a Constant

ToumSUm
et
H ol =T
IrownSwar
Dot
E aluif]e
ot

To multiply a row by a constant, press MATRX
and move to the right to select MATH.

Then select option E for * row(.

The format for this option is * row (the constant, the matrix, the row).
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Adding a Multiple of a Row to Another Row

To add a multiple of a row to another row,

press MATRX
and move to the right to select MATH.

IFoWSHar
ot
PO
HE O+ |

Then select option I for * row( (.

The format for this option is
*row +(the constant, the matrix, the row that is multiplied, the row that is added to).

1 2 3
Example3 Using matrix [I={4 5 6 |, find the new matrix when
7 8 10

a) rows 1 and 3 are interchanged
b) row 1 is multiplied by 3
c) row 1 is multiplied by —2 and added to row 2

a) rows 1 and 3 are interchanged

Lnter mLtrl1[] [nto Lour cllculltor. [ee [ Tmlle [
Press QUIT fo return to the home screen.

Press MATRX
[Chlmole to the rilht to select MATH.

"hen [ress C lor rowSwap(.

Press MATRX | L] tor ml [ TIL1L Fowswar . TAT, 15 20
[[V 2 18]

[ (the comm 1L e[)is [Lole the [ e L] )] Tor roll onel. H % % }]

[ 0] (or rol three [0)] [In[[ENTER.

Notice that the new matrix appears on the calculator screen.

BUT matrix [} as stored, does not change. L %E E é’a%
(12311

o Ler[ih(s Cress 2™] MATRX ALy o3
[4 53 &1
[¥ 2 1811

Tor m[tr[I0 [ ENTER].




Section 8 Linear Algebra 79

You can store the newly created matrix as another matrix.

To do so
FolWSL0aF
[ress ENTR! unt!(1] :

rowSwap( [D] I [T el s on the screen.

—_—— ——
]l e ]

Press [ENTER | fo return the nell m[ trl[lto the home screen.

"hen [ress[STLp MATRX Fiz+ [
[Tor m{tr 111 k() ENTER].

Y our new matrix is now stored as matrix .
If desired, you can store your new matrix as matrix [, but then you would no longer have
the original matrix [ stored in your calculator.

—

—_——

) e
RICACD B

b) row 1 is multiplied by 3
Lo mufll1Trol ] [1LTILT [ ress MATRX [nllmole to the r!lht to seléect MATH.
(hen [ress E for * row(.

Press Hor mud I T Unl] P OLI LS
MATRX [ 0] [lor m [ tr[100)]

Tor rol onel I 1n[[ENTER|.

c) row 1 is multiplied by —2 and added to row 2

Co mu 1Mol 1L Cnlthen 11 the resulfito rol | [11ress MATRX
‘nlimolé to the rllht to seléct MATH.

(hen [ress = for * row({.
Press [ (-)] [2] Tor muemim 00 [0 Onll

MATRX [ 0] [Tor m #1101 ’§.‘*‘°“”ﬁ;[2];1;2

[2 1 8 ]
|E| (lor rol] one!] [7 & 1811
[2] (Tor rol 1t 1 1n ENTER].
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Using Your Calculator to Do Matrix Operations

You can use the T1-84/83 Plus to do matrix operations. To do so, enter the matrices and
then do the operations on the home screen of the calculator.

-2 3 3 9 15
Example4 If U= and [ =
4 -6 2 -6 10

use your graphing calculator to find a) [1I7 b) [1] and c¢) ]T]

Ctlrt (Tenternthe mtrices [0 Lour c[1cultor. [Tee [ TmlIe [10J

Press QUIT to return to the home screen.

a) Find (L.

Press MATRX Hor mLyrTILIL
hen [ress MATRX | 0| [Tor m[ tr[TI[J[{ENTER]. TATIC]

000
U=
{ooo}

b) Find L[]

Press MATRX @ Uor m trIILIL]

"hen Lress MATRX Tor m{tr[ L[ ENTER . 1 Euit
iGE0

[he error mess[ e tellS us th(t thls [roluct [ unleThel]

[he [lmenslons ol the m[ trices Lo not mlLtch.

Press ENTER| to return to the home screen.

[1[11s undefined.
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¢) Find 1'11

Press MATRX [ ] MATRX.
(ARG

"lole to the rlTht to select MATH. [EE-E. 9?3 }
[1a -1511
hen Liress|2] (or trins osel]

MATRX [ | [ENTER].

2 3
=1-6 9
10 -15

Using Your Graphing Calculator to Find an Inverse Matrix

Using your calculator is the easiest way to find an inverse matrix. Just be careful that
you do not approximate the matrix.

Example 5  Use your graphing calculator to find ]_1 if

1

3
a) D={4 5} b) [=|4
7

-l 3 2
a) Find [0 " if (1=
4 5

Unter the mtrl1l[n Lour ¢ lcullltor.
[Tee [ Imlle [1[]

Press QUIT to return to the home screen.

Press MATRX 1 [Zo seleéct m[ tr[1][]]

Press| " | [ENTER].

Press the rllht cursor Lrrol] to see the rest o the m[ tr!1]

-0.17 0.13

0.22  0.09
Counl1nllle hile [T =[ }
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Letls checllthls.

—1
[ITe the [Tlues [fom our rounlel 1] [nto mirI[1

Chen [0 ChD O on Cour el lculTtor.

Uotlce thi't LILITIL ol these (s elul 1 to the Tentlt im trlll maTT

Chelllre not elén elul1to e th other. [B1I

So a rounded form for D_l is NOT the same as D_l.

WARNING: A decimal approximation of D_l is NOT the same as D_l.
If you must use a decimal form, use as many digits as possible to increase your accuracy.

Cetls [et [h ellct lorm ol thls nlerse mtrl

-1
Press ENTRC unt 111~ [ lelrs (nthe [ctlle [lne

.05 1.1111]
[B1[A]
ol Lour cllc¢ullltor. [[1.82 .@1]
[.81 .99]1]
[Al-'Frac
hen [ress [MATH [lor the conlert to (¥l ctlon uncton!] 15023, 27831
[hen [ress |ENTER].
l.1l  .99]]
> 2 LT
oot B2 [-4-23 T-23]]
4 3 Hih=+[E]
43 [[.2173913043 .
23 23 [-.1739138435 .
Lo checltlon Lour ¢ 1culltor]
store thls nell m [0y U n Cour c[ldultor
[l ressn ST » | R MATRX [2 (o select m| tri11[ ]
LHITEI]
[[1 A]
[EB]1IA] e 111
Loll nUJLI [CRlICIL [[1 @]
Cotlde thi't (e no'l [et the 2 x 2 [ent Im! 1] [e 111
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b) Find [ if 1=

N B~ =
oo W N
O O W

Lelelt the [rocel ure wom [Tt (11

LRI

[he error messl e tells us th't 8 snlulr mtr(l]
Press [ENTER| to return to the home screen.

So [1does NOT have an inverse matrix.

Using Matrix Algebra to Solve a System of Linear Equations

We can use matrix multiplication to represent a system of linear equations.

2x+y-3z=-1 2 1 =30 -1
The system of equations {7x +2y+z =1 canbewritten |7 2 1 || [I|=
3x-y+2z=6 3 -1 2|l 6

200+ =301 -1
To see this, multiply the matrices on the left side of the equation.| 7+ 2+ [I|=]| 1

30— [+20 6
Then set corresponding entries equal.

2 1 -3 0 -1
Ifwelet (1=|7 2 1|, =|0land [I=|1 |,
3 -1 2 O 6

then we have the matrix equation [/ ]=[.

If we solve this matrix equation for [, then we solve the system of linear equations.
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. . . . . -1
To find matrix [, multiply both sides of the matrix equation by [] .
This givesus [ )=[T"[.
Simplifying, we have = [T'[.

This gives us the solution to the system of linear equations.

WARNING: Remember that the order of multiplication is very important when you are

multiplying matrices. [Jis equal to [T . Do NOT find [ [, this is a different
product.

WARNING: This procedure will NOT work if []is a singular matrix.
When []is singular, it is better to use substitution, elimination or Gauss-Jordan
elimination to solve the system of equations.

2[4 [-30=-1
Example 6  Use matrix algebra to solve <70[+2[+ [=1
3[-1H20=6
2 1 -3 -1
llere [1=|7 2 1 |[nllll=]1
3 -1 2 6

[le neellto [In!l] A_lB.

-1
[I'Te @ the tllo mLtrices [hllthen M A B.

[Tee Ll Limlles [1lnIL][] 32 1=6
Press 2™ QUIT to return to the home screen. AT TE]
[[1_1
S a1
Lo e molthlt 1= [1|=]-3
0 0

CettincorresConInlentrids eful 11l le h(Te (=1, [=-3 [hJ[=0.
The solution is (1,—3,0).

WARNING: If matrix [has a decimal form, and you need a rational answer, remember
to use the “convert to fraction” function available under the MATH key of your calculator.
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Using Your Calculator to Do Gaussian Elimination

The T1-84/83 Plus can quickly reduce an augmented matrix to its row-echelon form.
So we can use a calculator to solve systems of equations using Gaussian elimination.

Example 7  Solve using Gaussian elimination and your calculator.
T+ [+ 30=2
6 -3[+5=4
20+20-41=-1

1 1 32
Ulnst [orm the [ulmente Im [ trlor thls s Stem. 6 -3 5|4
2 2 —4|-1

[I'Te (B the [umentem [ tr1Ls mtrI0[L

[lse the cursor [rrolls to chec 1 our
entriés B the mtr!ll]

Press QUIT to return to the home screen.

et C[HI
[ol] [ress[2™ MATRX [imole to MATH. Lot h b (L ;-9 §32332
=c,u?%um': [B & i
| =
[hen [ress -m [THA| A for riI(. frref
( iPDNELEIaPI:
bl

Press MATRX [[] (or [I])| ENTER
[nl1le see the rol] [relucel llorm ol the s[$tem n Ceclm[ T 1orm.

Lo nlthe rollrel ucelllorm ol
the slstem [ rition Tlorm!]

[TI -. 5 .Coooaa
[ress | 2™ ENTR( [MATH [C] lor ‘ra [ ENTER, g 177 T1.83
ref C [A] yrFrac
[[1 -1-2 5~&
[8 1 -17.-9
[8 &
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1 5 2
-—[42=2
6 3
17 7
[his [1es us the nell s(stem ol el ul tions D—3D=—§
1
[J=—
2

[se (el rto solle thls s stem ol el ul tlons.

The exact solution is [I= 1 , O= 1 , ==
3 6 2

(14 [§ el sler to sollle thls sLstem on Lour cl1dulTtor usnl [ Cuss Tor Th (lmnltion. [ee
the neltellmlle.l]

Using Your Calculator to Do Gauss-Jordan Elimination

The TI-84/83 Plus can quickly reduce an augmented matrix to its reduced row-echelon
form, allowing us to solve systems of equations using Gauss-Jordan elimination.

Example 8  Solve using Gauss-Jordan elimination and your calculator.

[+ [+ 30=2
6-3+5(=4
204 21—41=-1
1 1 312
Llnst lorm the [ulmenteIm trlor this s(stem. |6 -3 5|4
2 2 —4|-1

[I'Te (B the [umentem [ tr1Ls mtrI0L

[lse the cursor [rrolls to chec 1 our
entriés B the mtr(ll]

Press QUIT to return to the home screen.



Section 8 Linear Algebra 87

Lol [ress|2™ MATRX [molée to MATH. T GIE
tHatrr 15t [1l & B8 .333333
EL15thmatPi [B 1 8 .1l66RG5
hen [ress |A__HA [ for rrii. f CURZUn G 8 @1.3
rref
: rowSyar
Press MATRX [C] Tor (1)) ENTER  Gipawtt
"nl1l0e clnn see the [11rollm! te solutlon (0.333,0.167,0.500).
LIl B AA5555.
B 16 .1REEEE.
BA1.5 i
Lo [kl ]the el 1ct solutlon] FFE*EHH%?EIFT?%]
[ress[2" ENTR() MATH| [(] [lor ral[|ENTER| (2 b9 el

And we have the exact solution [%,%,%} .

If you’re careful, you can also use this method to solve inconsistent, dependent or non-
square linear systems of equations.

Using Your Calculator to Do Cramer’s Rule

We can use the TI-84/83 Plus to evaluate determinants. So we can solve systems of
equations using Cramer’s Rule on the calculator. Your calculator is especially useful
when the numbers are messy, or when the system is larger than three equations, three
unknowns.

[+ [+3[=2

Example 9  Solve using Cramer’s rule and your calculator. 6[-3[H+51=4
20+2-41=-1

Ulnst [orm the lour [etermnlnts uselllor Jrlmer(s Cule.

11 3 2 1 3 1 2 3 11 2
D=6 -3 5| D=4 -3 5| D=6 4 5| D=|6 -3 4
2 2 -4 -1 2 -4 2 -1 -4 2 2 -1

LCecluse sulscrlte [ TrT1és [re not use lon Lour c[1cullltorrenme the
Leterm|nl nts.

‘et D=D, A=Dp, B=DDandC=DD
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Press MATRX (ITole| (|0
Tlole to the rlTht to seléct ‘nlllress to seléct A.

Press [Ll| ENTER| [[]to m[1e A [lrolls [hllllcolumns.

UI'Te the entrles [Hom [etermnnt A=Drp;

"e sure to [ ress ENTER| [lfer el ch entr!.
Press QUIT to return to the home screen.

Celeltthls [rocelure to tlle B, C, (nl1D. Uhec L our [orlclie

Press QUIT to return to the home screen.

Press MATRX [

moleé to MATH [nlllress || [dl 1 [or [eterm(n[nt]

Lhen [ress MATRX Tor D]E

MATRX MATH [ 0] (lor Leterm(nnt(
MATRX [ ] [Tor (01
[Zo conlert to (A ctlon orm JENTER|

.. A 1
Thisis =—=—.
D 3

Lo [ Lress[2™ ENTRL [Ilole ENTER] L

[ole the cursor ulllnllon tollolA [the [r[ cleétl]
Press MATRX 'to rel lllce [ [1lth [ Tnllress [ENTER,

1 1
So ::g. UUA LI n to k(] Dzz.

The solution is (l l lj .

376’2

$ident.itul
frandi]
Laugment. ©

et TAT »~del. TO]
JrFrac
1.3

13
et [B] 2 det.q [O]
JrFrac

1.6
et [C] a-det.d [O]
2rFrac

1-2

et [AT 2~ del { [O]
JrFrac
i
i)

1.3
et [B] x-det. [O]
FFrac

1.6




9  Probability and Statistics

MATH Probability Options

There are seven options under the MATH [ R (probability) menu.

rand
tnPr
EQEP

:rand [t
frandiorme
trandBing

To see this menu press [MATH | then
move to the right to select ['R[.

Generating Random Numbers

The rand option (option 1) generates random numbers between 0 and 1.

The TI-84/83 Plus generates its random values based on a starting “seed” value
for the rand function. The factory set seed value is 0 (zero). Reset this seed value
by storing a new seed value in rand.

Example 1  Reset the seed value for rand to 47. Then
(a) generate three random numbers between 0 and 1
(b) generate six random numbers between 0 and 10

(o reset the seel ][ 11uel]
[ress MATH| [ 7 rand =

molé to the rlIht to seléct R[],

[ress |ENTER| [fo seléct rand[ ]
[nllress|ENTER) [fo store [ 11§ the seel 1 11uell

(a) generate three random numbers between 0 and 1
Chere [re tl o [1lerent L[ 1§ to [enerlte three rl'n"om num ers!]

Lhe [[Bst methol s to [ress MATH| [
mole to the rlht to seléct R[],

[ress |ENTER| [fo seléct rand[ ]
[(nl]lress|ENTER) [fo [et the [Trst rLnlom num er!l.]

[hen [ress |ENTER| t[Jo more tlmes

to [et the nelt tlo rinCom numlers.




90 Probability and Statistics

The second method is to include the number of random numbers you want as an
argument in the rand function.

To do this, press MATH| , move to the right to select PRB,
press [ENTER| (to select rand) then press [(][3] [)] (for 3 random numbers).

Use the right cursor arrow to see the three random numbers in the list.

anc and - anid
. A41 3563084 B4 1 356304 « A4 13568304
22T SEaE1E2 22T I2aE182 22T aEas182
. 2319194835 «319194E8E5 o F19194E35
andi3y Fand i3 rand i3
L.B337eE7ILS L2 W 2T 3895 L T 14 F1ETT

NOTE: Notice that these new numbers are different from the previous three.
If you reset the seed value to 47 again, and then run rand(3) you will get the first
three random numbers {0.04 1356304,0.2273253182,0.5919194035 } again.

(b) generate six random numbers between 0 and 10

We need numbers 10 times as large as the numbers in part (a).

So press [1][0] [ * | MATH], e 7ay s
move to the right to select PRB, Eg?gﬁ%ﬁ;?
press (to select rand) g: gg%gz%g%g
and press (to get the first random number). i

Continue to press | ENTER| until there are six numbers on the screen.

Combinations and Permutations

. . ()
We can find the number of permutations, , P. , or combinations, ,C, or L J ,
r

r

using options 2 and 3 in the PRB menu.

Be sure to enter the value for # on the home screen before accessing the MATH
PRB menu.
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100
CCELT IS Use your caleulator to find (a) 2, (b) ,,C, (¢) [ 5 }
(a) ,,P, =5040

Press[1][0] MATH|, move to the right to select PRB, press || & )tion [for P.),
ENTER].

(b) ,C, =210

Press[1][0] MATH|, move to the right to select PRB, press 3] (option 3 for,C,),
ENTER].

(100\ =, C, =4950
(©) ) J Z100 “2 T

Press[1][0][0] , move to the right to select PRB, press 3] (option 3),
:

18 APk 4

F F 18 ncr 4 Ha4e
nFE P nCr
fhCk nCE 21a
:! i) 188 nCr 2
frandInt o frandInt 4336
:randborm :randborm g
randBing irandBine

Factorial

The fourth option in the MATH PRB menu is factorial.

trand Int
trandHorme
irandBine

Be sure to type the n in n! before accessing
the MATH PRB menu .

DL T Use your calculator to find (a) 10! (b) 100!

107
(a) 10! SE28208

Press [1][0] [MATH|, move to the right to select PRB,
press [ Lo tion Ufor factorial | [ENTER].

91
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(b) 100!

Press[1][0][0] MATH|, move to the right
to select PRB,Jress [ ] (¢ tion [T} [ENTER].

EEE S LWERFLO
Guit
fEoto

NOTE: The [CERITI0 error message appears when the number exceeds the
range of the TI-84/83 calculator. This is happening here because 100! is a very
large number.

Other Random Number Generators

The last three options in the MATH PRB menu generate other sets of random
numbers. Use the following formats:

Option 5 - rand/n(
randni(lower integer bound, upper integer bound) T (L P

This generates one random integer within the range 2l T € 1.5, T
given by the lower and upper bounds, including £2 4 3
the lower and upper bounds.

rand'n((lower integer bound, upper integer bound, m)
This generates m random integers within the range given by the lower and upper
bounds.

Option 6 - randNr (

randNIrC (i, o)

This generates one random real number from a normal distribution with the given
mean u and standard deviation o .

randNTT0 (g, o,m )

This generates m random real numbers from a normal distribution with the given
mean u and standard deviation o .

andHormL 18, 22

11.733377E6
Franddormc18, 2,30

T12.89v51381 148..

- ancdormL -, 2
11.735377EE
randdorm 18, 2.3

SlE0 2148691 148, ..

- andHorm 1, 2
11.73537766
randtormd 18, 2, 32

9118835872534
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Onption 7 — randBn(

randBin(n,[]) fandBint oa G. 90
This generates one random integer from a randBindS.8.4.3)
binomial distribution with » times a trial is 0o I
repeated (7 > 1) and probability[ | of success in

a single trial (0 <1 <1).

randBin(n,[1,m )
This generates m random integers from a binomial distribution with » times a trial is
repeated (# > 1) and probability | of success in a single trial (0 <[] <1).

Lists

The TI-84/83 Plus has six list names in memory. They are designated
0,0, 0, 0,0 and [,. You can access these lists by pressing the second key

and the number keys from 1 to 6.

You can view all six lists by pressing (next to the cursor keys) and
pressing | ENTER| (to select ELI[T1). Move the cursor to the right to see all 6 lists.

L1 Lz Lz 1 LY LE LB [

S |
fSortAL
tSortOc
tClrList
iSetllrEditor

Lil11= Lei=

Creating and Naming a New List

You can create additional lists with custom
names, if needed. To create a new list with a Hame=
new name, move the cursor up to the names 3 x 7T R
of the list and to the right until you havea | 202022
blank name at the top of the list.

Notice that the cursor is now in alpha mode.

Type the new name for the list and press ENTER. LIST =
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Entering Data in a List

You can enter data in a list on the home screen of in the EL(T option.

On the home screen, type the list in set braces with commas between each
number. Then store the list as one of the list names.

In the ELIIT option, type the list pressing the | ENTER] after each number in
the list.

QT O Store {1,7,3,5) as [ and {10,2,13,3,7} as (1.

Let’s do the first list on the home screen. :

Press Labove , tyle the numbers

in the list, sé larated by commas 1[[] above [_]]
and thenIress | }|, [[] [ Labove O

] +LA
i1 7 3 5%

7
To see the list,[ lress :
[ress [ENTER| to selectECVT. |77

f'you need to, move the cursor to the left to see [ . Lun=1
L1 Lz Lz 2
We have the lists on the screen, 1 U ——
so we will enter the second list here. : 1z
______ :
"love the cursor to the right. e

Type each number followed by ENTER]

WARNING: A number is not entered into the list until you press ENTER|.
Be sure to press ENTER | after you type your last entry.
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Sorting a List

You can sort a list in either ascending, [7r/A(, or descending, [1rrTI(, order.

You can find these options by pressing [ ] (10T (above ) and then
moving to TP (for operations).

CCELT IS Sort [ in ascending order and [, in descending order.

Press[™] (10T (above )

and then move to [PT] (for operations).

Press ENTER] or[1] to select [ITIA(.
SortHCL )
Then press 7} (above |1 |) ENTER]. o 1 Doke

SortOclz
Press [ ™] (10T (above )

and then moving to TP (for operations).
Press [[] to select 1rriy.

Then press 'L (above|l|) :

Done

3
To see the lists, press . TAT | <o :
and |[ENTER | to select E[IT. =12

f'you need to, move the cursor to the left to see [ .

Deleting a List

You can delete a list by moving to the name at the top of the list and pressing [1'R

(for clear) and then )

Li Le L: i L1 Lz Lz 1
i I _____ | [E- 3
z in in
L ;

...... F z

L1 =41,3.5.7% L=

95
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Statistics — One Variable Data

The TI-84/83 Plus can quickly calculate the following for a given list of x-values:

LIt tistil ) LIt
The mean X
The sum of the x-values Z X
The sum of the squares Z X2
of the x-values

The sample standard deviation S
The population standard o
deviation

The number of data points n
The minimum of the x-values int
The maximum of the x-values Halll
The first quartile O,
The median Mid
The third quartile O,

To get this information about a list, first type your data in a list.

Then press move to the right to AL, press [ENTER] to select
1ar Drammimr(for one-variable statistics) then type the list name and press [ENTER.

If the data is frequency data, store the frequencies in another list.
Then use the format 1(mar [aimlist of values, list of frequencies.

COCTTIOME Find the mean and sample standard deviation for the twenty quiz scores
in the list {2,4,5,6,3,6,5,4,5,4,5,7,8,2,6,7,8,7,9,9 }

inter the data in ] . X T s
((fyou already have data in T}, delete it first.) B

"efore continuing, checlyour typing. ;

"love the cursor through the list and correct 5h

any by typing on top of the incorrect value. Tzl =

Ul sure to press ENTER | after the last number in the list.
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Clow press move to the right to 1AL, press|ENTER] o select 1(1/ar i@/l
(for onelVariable statistics). [lotice that the calculator returns to the home screen.

Then press [ 1] [} (above[1]) .

1-War Stats Li T-Var Stats T-Uar Slat=s
H=5.6 Th=26
zx=112 mins=2
ExEf=7F1N 1=
Sx=Z2.B8F3ST122 Med=5.5
TE=2. 834692995 Elz=7¢
=20 Maxs="3

Use the down cursor to see all of the given information.

The sample mean is 5.6 and the sample standard deviation is about 2.09.

OO Find the mean and X
sample standard deviation 30

for the given frequency data. 40

50

60

70

80

90

— W B[O\

CHIIUME X METETTIED) O, and the freluencies as ;.
Checllall values before continuing.

Clow press move to the right to AL, press |[ENTER]|to select 1/11ar (a1l
(for onelVariable statistics).

Then press [I°] [ (above[l1]) ", (above 3 ) ENTER].

Use the down cursor to see all the given information.

K] Le [ 3| B-Var Statz L= L] [-Var Stalt=z 1-Var Stats
z 30 ] x ¥=56, 39655172 =29
; ;g E =x=1654 mins=38
B B0 [ zxe=1HAE5EH 1=
E, 7 y Sx=15. 377834389 Med=58
g gg i ox=153. 18953773 Gz=rd
s =29 Maxs=38

The sample mean is about 56.9 and the sample standard deviation is about 15.4.
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The Box-Whisker Plot

If you have data in a list, or frequency data in two lists, you can easily graph a
box-whisker plot on the TI-84/83 Plus.

To prepare for a statistical plot, first be sure that L 1O
you don’t have any functions turned on. SIES
. . . . wMr=
Either clear all of your functions in the y= window, “hy=
or turn them off by moving the cursor on the top of the :E;
equal sign and pressing ENTER)|. o=

When the equal sign is no longer highlighted, the function will not be graphed.

It is also a good idea to turn off any previous statistical plots. You can do this by

pressing 2™| STAT PLOT (above jy=]) (for PlotsOff) ) ENTER]. Or, in the y=

window, you can move the cursor on top of any highlighted plots (at the top of the
window) and press to turn them off.

lotzlU+t

Done

To create a box-whisker plot, press STAT PLOT (abovely=|) .

Select one of the three plots by typing the option number or moving the cursor to it and
pressing . Then press to turn it on.

Then move to the box-whisker diagram under Type and press .

(The box-whisker diagram is in the middle of the second row. Move to Type and then
move to the right to get to the box-whisker diagram.)

Type the name of the list for the Xilist.
If the data is not frequency data, type the number 1 for Freq.
If the data is frequency data, type the name of the frequency list for Freq.

Press [GRAPH | to see the box-whisker plot.
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DO O Create a box-whisker plot for the data from Example 6.

Press 2™ STAT PLOT (abovey=]) . FDHE“ Fiets
dFel s L dhy

Press ENTER | to select TloT. y t:ﬂ{ ng [

1=T= L1

Press ENTER] to turn it on. Frea 1

Move to the box-whisker diagram and press ENTER | .

Our data is in L, and it is not frequency data, -

so the current information for [list and Freq

is fine as is.

Press GRAPH | to see the box-whisker plot.

Press [[1] (for ZoomStat — zoom statistics) to fit the window to the

statistical data.

Press to see the values for this new window.

gorm Out. — T *ﬂ?ﬂ& 3
tZ0ecimal Max=d. 7
1 25Huare MerT=1
EEStahdan Vrin=-10
1£Trig Ymax=18
i 2 Integer Vecl=1

Zoomstat. Yres=1

OO Create a box-whisker plot for the frequency data from Example 7.

Press STAT PLOT (above ly=]) . —1 11 ,
Press ENTER | to select Plot!.

Be sure that it is turned on and
that the box-whisker diagram is selected.

Change the Ulist to L, and the Freqto L,.

Press [U] (for ZoomStat — zoom statistics) HmaE=36
to fit the window to the statistical data.

Press to see the values for this new window.
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The (1ISTR Menu

The TISTR (distribution) menu gives values for the normal, student-t, Chi-square, F,
binomial, Poisson and geometric probability distributions.

Here is the format to use with each one:

[Jiltril ution

Lorl]at

Normal probability density

nor | [ 1pdf(x-value, mean g, standard deviation o)

Cumulative normal
distribution probability

nor’] C1rdf(lower bound, upper bound, mean z,
standard deviation o)

Inverse cumulative normal
distribution

inCNor( (area, mean g, standard deviation o)

Inverse T distribution®

in(T(area, degrees of freedom)

Student-t probability

density tpdf(x-value, degrees of freedom)
Cumulative Student-t
distribution tdf(lower bound, upper bound, degrees of freedom)

Chi-square probability
density

2 pdf(x-value, degrees of freedom)

Cumulative chi-square
distribution function

4 tdf(lower bound, upper bound, degrees of freedom)

F probability density

Fpdf(x-value, numerator degrees of freedom,
denominator degrees of freedom)

Cumulative F distribution
function

Frdf(lower bound, upper bound, numerator degrees of
freedom, denominator degrees of freedom)

Binomial probability

“inol pdf(number of trials, probability p of success,
x-value)

Cumulative binomial
probability

inol [df(number of trials, probability p of success, x-value)

Poisson probability

poissonpdf(mean u ,x-value)

Cumulative Poisson
probability

poisson’df(mean u ,x-value)

Geometric probability

“eol etpdf(probability p of success , x-value)

Cumulative geometric
probability

“eol et df(probability p of success, x-value)

*This may or may not be available in your [1'STR menu. It will depend upon the version
of the operating system on your calculator.
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To access the ©'STR menu, press "ISTR (above ).

Use the up and down cursor arrows to see everything in the menu.

cof
thinomPdf s

Colf o

normal Fdf .
SRRt

fhormalodf

f invHorme iFcdf( tbinomcdf .
inuTe fhinomedf iFoissonFdf ]
LEdfy thinomcdf o froissoncdfd
Lodfy PFoissonFdf i Jeonetrdfy

AHEEAE Foissoncdf s Jeamet.odf o

Cfalllle [T Find the probability of getting exactly 8 heads in 10 tosses of a fair coin.

(LI O] CIC T (O CT T T T

Press TISTR (above [ /ARS] ) and scroll

down to linollpdfi] (for binomial probability distribution)

and press |ENTER | fo select it.

Press (for the number of times the coin is tossed)

JroilssonFdf

[ [+ 112 Lor [1L], for thel lrobability of getting a head in one toss of a fair coin’|

1homPdt 1k, 1.2,
[j [] LTI Exel Ty DL T LI o
LA439453125

[] ENTER.

The probability of getting exactly 8 heads in 10 tosses of a fair coin is about 0.04.

CfalllJe [T] Find the probabilities of getting 7, 8 or 9 heads in 10 tosses of a fair coin.

Uhis is a binomial probability. =
Nzt
PP
iFcdf o
binomedf
tbinomcdf
droissonPdf

Press ISTR (above ) and scroll

down to [inolpdfl] (for binomial probability distribution)

and press |ENTER | to select it.
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Press (for the number of times the coin is tossed)
[] [+ 112 (or [1L], for the probability of getting a head in one toss of a fair coin)
[ { (above [1) [0 [0 [ [ [ } (above [] ) [ENTER] .

UIse the right cursor arrow to see the three probabilities.

1homedt 1k, 1.2, 1nomEcdt C1E. 1.2, 1homEdt L1k, 172,
Lrag:9x0 TFaS.9%0 EE-FR-
L. 1171873 8439, . LB439453125 L. L1125 L BE9vEeESERS

The probability of getting exactly 7 heads in 10 tosses of a fair coin is about 0.12, the
probability of getting exactly 8 heads in 10 tosses of a fair coin is about 0.04 and the
probability of getting exactly 9 heads in 10 tosses of a fair coin is about 0.01.

"ou can find the sum of these probabilities by fming

R

pressing LIST (above )0 et an
moving to the right to select [/ ATH : iﬂgéc

. d=tobewt
(for option Csum( ) ThanEdT (18, 172,
ANS (above [(=)], for the list ALY ¥
of probabilities we found) and , SUN{HT?%EEQEME?S
The probability of getting 7, 8 or 9 heads in 10 tosses

of a fair coin is about 0.17.

Example 12 Find the probability of getting at most 4 heads in 10 tosses of a fair coin.

This is a cumulative binomial probability.

Press DISTR (above NARS| ) and scroll

down to binomcdf( (for cumulative binomial
probability distribution)

and press |ENTER | to select it.

Press [0] (for the number of times the coin is tossed) ﬂ”‘:'”':d“ .12
[] [+ 112 (or 0.5, for the probability of getting n FTEIIFLES

a head in one toss of a fair coin)

L] (for getting at most 4 heads) [)] :

The probability of getting at most 4 heads in 10 tosses of a fair coin is about 0.38.

Fdf e
ERECE
tFPdf
tFcdf
: binomEdf g

biramcdf

FoissonFdf o




Section 9 Probability and Statistics 103

NOTE: You can find use the cumulative binomial Thomcdr 1o 170
probability distribution to find the probability of getting RIS 05
at least a certain number. For example, to find the 1-Ans

probability of getting at least 5 heads in 10 tosses of a n BZIRIEETS

fair coin, we can subtract our answer from Example 12
from one. The probability is about 0.62.

OO0 Find the area from 85 to 110 under a normal distribution with mean
4 =100 and standard deviation o =15.

This is a cumulative normal probability.

Press DISTR (above NARS| ) and scroll

down to "m0 (for cumulative normal probability distribution)

and press |ENTER | fo select it.

Press  [Tjrfrrrfy] [1] [0] (for the endpoints)
L] [0] [0] (for the mean )

1 0| (for the standard deviation o
D (f / h?EEa%E?HEE, 116
D] ENTER. . " EBhons2o7I4

The area (or probability) is about 0.59.

fhormaledf g
hnormal oot
firvHorme
SinwTe
ttrdf
shodfc
dHERdE L

(I 010 Find the 80™ percentile for data that is normally distributed with g =100
and standard deviation o =15.

This is a normal distril ution, | ut we want to use the percentile to find an [1value.
"0 we need the inverse normal option.

Press DISTR (above ) and scroll

down to inTlNoim( (for il T 11lll cumulative normal distribution)

and press |ENTER | to select it.

Press [[] [[] [0] [for the (0" percentile) igg”‘j“”ﬂ - 5. 1k

112.6243185
L] [0] [0] (for the mean u)
D (for the standard deviation o)
D] ENTER.

The 80" percentile is about 112.6.

fhormaled
tnormalod
invHorme
SinuTe
ttedfc
ttodf
JHER

i
Bty
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The DISTR DRALI Menu

The DISTR DRATI (distribution draw) menu gives drawings of shaded regions on the
distributions. Here is the format to use with each one:

[T s ¢ [lo[mal]
Normal distribution StrdiNom(lower bound, upper bound, mean z,
standard deviation o)
Student-t distribution Stidiri(lower bound, upper bound, degrees of freedom)
Chi-square distribution Si1di1y’ (area, mean u, standard deviation o)
F distribution Srdi(area, degrees of freedom)

To access the DISTR DRA[I menu,

press DISTR (above VARS] )

and use the cursor to move to the right to DRAI.

ShadeMorme
tShade_Lg
tShadeXe(
:Shadef .

To clear the drawing,

press DRA(| (above[ R[] )

[ Oz
tLine
tHorizontal
tertical

and |[ENTER| (to select option 1 for (DY) i Tandent.(
-all
and [ENTER] . dshaded

Example 111 Draw the region from 85 to 110 under a normal distribution with mean
4 =100 and standard deviation o =15.

"efore drawing this, we need to set the window to show the distribution.

Press to change the window settings.

Uith a mean of 1 =100, we should center our window at 100.
"etls show three standard deviations to either side of the mean.

Cecause o =15, we would want to be TR
3#15 =45 to either side of 100. ﬁNinEE
. . max=145
Lo set the [1Values in the window HaC =20
from 100 —45 =155 to 100+ 45=145. m;g;?m
1 good choice for the scale on the [1alis is [ 0. §E5é21993

The total area under a normal distribution is only one, so y will be small.
Cetls set the[\Values from [ero to 0.03 with a scale on thellalis of 0.003.
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Press and be sure that all functions and statistical plots are turned off.
"ee page [ 1if you need help with this.

Press C0IT to return to the home screen

low press DISTR (above ) and and use
the cursor to move to the right to DRAT .
Press (to select option [for S'1d Nom(.
[] [0] (for the endpoints)

[0] [0] (for the mean u)

L] (for the standard deviation o) L LT T
] [ENTER.

Notice that the probability of about 0.59 is also given.

To clear the drawing, press DRALI (above )
and |[ENTER| (to select o Ition [ [for /TDIT1]) and [ENTER| .

Remember to re-set your window values for another graph.

Example 111 Draw the area under the standard normal distribution to
the right of ['=1.27

Cemember that the standard normal distribution has a mean u=0 and standard

deviation o =1. The TIT4[I11Plus uses this mean and standard deviation if no value is
given for the mean and standard deviation.

"efore drawing this, we need to set the window to show the distribution.

Press to change the window settings.

Uith a mean of =0, we should center our window at 0.
"etls show three standard deviations to either side of the mean.
Cecause o =1, we would want to be [lwide on either side of 0.
et the [1values in the window from -3 to 3.

: : THOTH
"lgood choice for the scale on the [1alis is || Hmin=-3

Cet(s set the yvalues from —0.02 to 0.5 nrin=e2
with a scale on the ylalis of 0.1. Yacl=,
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Press and be sure that all functions and statistical plots are turned off.
"ee page [ 1if you need help with this.

Press C0IT to return to the home screen

[low press DISTR (above ) and use | TR A T
the cursor to move to the right to DRAT . i

Press (to select option [Ifor Stid Noim( .
[] (for the left endpoint)

L] EE (above |,]) (L] (for a very large number)
D] ENTER.

"le did not enter the mean and standard deviation.
"Then none are given, the T/ 114111 Plus uses the
mean p =0 and the standard deviation o =1 ety
for the standard normal distribution. lovi=l.27  lup=1E99

Notice that the probability of about 0.10 is also given.

To clear the drawing, press DRAL (above )
and |[ENTER| (to select option 1 for [1TDIT1]) and [ENTER| .

Remember to re-set your window values for another graph.

Confidence Intervals

To access the confidence interval options
press |STAT| and move to the right to TESTS .
Use the down cursor arrow to find the confidence intervals.

Select the one you want and press ENTER| .

When the confidence interval window appears, select whether you are using data in a list
or the statistics for the sample. Then type the other information needed.
When you are done entering information, move on top of [ric 17T (at the bottom of the

screen) and press ENTER| .
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Example 177 Find a 95% confidence interval for the population mean of a sample of
size 40 with a sample mean of 55 and a sample standard deviation of 5.

1 T-Test..
i2-SamrZTest..
1Z2-SamFTTest..
1-ProriTest..

Press |STAT| and move to the right to TESTS .

Move down to Zinterval... and press [ENTER| to select it.

We are given statistics (the sample size, mean and

o Interwal
standard deviation), so we want to select the Inet i ERE Stats
Stats (statistics) Inpt (input). CistiLy

Frexil

. C-Leuv=l:.35
Move to the right to Stats and Calculate
press |ENTER| to select it.

Interual
Type the values for o (the sample standard deviation), ,:I,?Et' Dais bhais
X (the sample mean) and n (the sample size). ﬁ Eg
E—%eu?li.gﬁ
Then type the value for the C-Level (confidence level). ACHLALE
Ihteruwal
Move down to Calculate and press | ENTER 83481 56, 540
to calculate the confidence interval. ﬁ;gg

A 95% confidence interval for the mean is (53.41,56.549).

Example 18 Find a 90% confidence interval for this sample of body temperatures
{98.6,98.0,99.0,98.4,98.6,98.0,98.4 }.

L3 1
First enter the data in a list. Let’s use L, . -
98.4
See “Entering Data in a List” if you need help. 20.6
98.4
Lt =32, &

This is a small sample, so we need to use a t-interval rather than a z-interval.

—-SanrZles

Press |STAT| and move to the right to TESTS .

1 2-SampTTest..

: —EPDP§¥ESEN

Move down to Tinterval... and press ENTER| to select it. : %nggﬁua?fﬁ
nterval

2=SamrZlnt..
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Move to [ala and %htiwal ot
press |ENTER| to select it. IIE?ELE x o=
et
C-Lewvel:.?
"le sure that the Listis L, . Lalculate

The data is not frel uency data, so Freq should e 1.

Type the value for the C-Level (confidence level).

Move down to Calculate and press |[ENTER

to calculate the confidence interval.

A 90 % confidence interval for the mean is (98.168,98.689).

Notice that the sample mean, sample standard deviation and sample size are also given.

Hypothesis Tests

To access the hypothesis test options %

press [STAT| and move to the right to TESTS . % Egmgﬁgg%m

Use the down cursor arrow to find the hypothesis tests. % Er’:gﬁgggt:
Zlnterual..

Select the one you want and press ENTER| .

When the hypothesis test window appears, select whether you are using data in a list or
the statistics for the sample. Then type the other information needed.
When you are done entering information, move on top of Calculate (at the bottom of the

screen) and press ENTER| .

CCETICIITED Test the following hypothesis: [0, 1 x4, =4
rou >4
given a sample mean of 5.5, a sample standard deviation of 2
and a sample size of 40.
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Press |STAT| and move to the right to TESTS . % £
-% Eamp$¥95tm
H amF 2=
Move down to Z-Test... and press ENTER| to select it. it 1-ProrgTest..
P 2-PrordTest..
d2lnterual..
Move to the right to Stats and Tex
. InFt:Data EAEELEE
press |ENTER| to select it. :'54 =
T
HiD.G
Type the values for u,, o (the sample standard deviation), E iEu .

X (the sample mean) and n (the sample size).

Then move down and across to > p, to test the hypothesis that the true mean is larger

than Uand[ress |ENTER| to select it.

RS

5

Move down to Calculate and press |ENTER f:? E%ﬁééﬁ -5
. H=0.0

to calculate the confidence interval. ri=40

Notice that we are given the p-value as well as the z-value.

Statistics — Two Variable Data

The TI-84/83 Plus can quickly calculate the following for a given list of two-
variable (paired) values:

[l [TalTITIT X y
The mean X y
The sum of the values z X Z y
The sum of the squares 2
y
of the values z Z
The sample standard deviation S, S,
The population standard deviation o, o,
The minimum of the values Lnt] Lnk
The maximum of the values JalX Jaly
The number of data points n
The sum of the products of the Z Xy
values
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To get this information about a list, first type your data in two lists.
Then press [STAT |, move to the right to CALC, press | []| to select

“+lar Statistics (for two-variable statistics), then type the list names, separated by a

comma, and press ENTER|

Example [T1 The data in the table LTI el | Exam [[1Te
gives the number of 5 98
hours 13 students 4 94
studied paired 5 92
with the score each 4 85
student received on an 3 80
exam. Find the statistics 4 78
for this data. 3 75
2 74
3 74
2 72
1 68
2 62
1 58
Type the data using L, for the hours ] ] 3 =
studied and L, for the exam scores. ; 2 2
3 az c rE
I | T |
Uhecl Tlour lists carefull | for p 2 S S—
accurac | [ efore continuing. Lzifh=25 Lzt =

Press (01T to return to the home screen

. =Var Stats LiaL
Press [STAT | move to the right to CALC, z

press [[] to select
"+l lar Statistics (for two-varia ble statistics),

then type the list names, separated by a

comma, and press ENTER|
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"Ise the dolIn cursor to see the information given.

L =War Stats =g Stats F—TTar oLatz

H=3 =77 . 63238789 Haa=11, 95544424
Ex=39 Ea=16E1H Twa=E AT
ExE=139 EyZ=8E20E5 rminE=1
Sx=1.354885481 So=1Z2.63041819 FaxE=5
ox=1.3F8E387271 ou=11.55844424 Min=58

=13 e E =287 Maxy=93

The Scatter Plot

If you have two-variable data in two lists you can easily graph a scatter plot on the
TI-84/83 Plus.

Flatl Flekz Flobz

To prepare for a statistical plot, first be sure that =T
you don’t have any functions turned on. :3::
Either clear all of your functions in the y= window, wy=
or turn them off by moving the cursor on the top of the :3::
equal sign and pressing [ENTER|. Me=

When the equal sign is no longer highlighted, the function will not be graphed.

It is also a good idea to turn off any previous statistical plots. You can do this by

pressing [T | STAT (LT (above [11]) (for Cirtsrim) ) . Or, in the y=

window, you can move the cursor on top of any highlighted plots (at the top of the
window) and press to turn them off.

lotzlU+t
Done

To create a scatter plot, press [T | STAT 0LOT (above [1]) .

Select one of the three plots by typing the option number or moving the cursor to it and
pressing . Then press to turn it on.

Then move to the scatter diagram (the first option) under T'pe and press .

Type the names of the lists for the Xlist (the independent variable) and the Ylist (the
dependent variable.)

Select one of the three marks at the bottom of the screen.

Then press ZOOM][9 | (ZoomStat — zoom statistics) to see the scatter plot in a window
using the given data.
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Example 21 Create a scatter plot for the data in Example 20.

Press [17]St00 0000 (@bove (1)) . N
Press 10000 | to select Tlotr. wpel B L
Mo M [
Press 00000 | to turn it on. %is%: t1
izt:lz
Move to the scatter diagram and press ) ark: = @

Be sure that the Xlist is L, and the Ylistis L, .

Press ZOOM| [9 | (for ZoomStat — zoom statistics) to fit the

window to the statistical data.

Press to see the values for this window.

THOO
oo Ot . T AMin=. 6
t20ecimal * mmax=a.d
P ESauare . necl=1
! 25t andard g £ 7 Ymin=51.2
t2Tria + Ymax=1684.2
! ZInteger . * Y=cl=l
ZoomSt.at. j . . . . Ares=1

Regression Models

The TI-84/83 Plus can find regression models for the following polynomials:

1% degree Cili)irallil) linear regression y=ax+b

1 degree LitliI1all 1] linear regression y=a+bx

ond degree [rallifI quadratic regression  y=ax’> +bx +c¢

3" degree i cubic regression y=ax’ +bx* +cx+d

4™ degree  Trartiil quartic regression y=ax* +bx’ +ox’ +dx+e

It can also find these other regression models:

0000 logarithmic regression y=a+blnx
D00 exponential regression y = ab”*
O0mOd power regression y=ax’
. . c
Lolistil logistic regression y=—
1+ ae

Sito sinusoidal regression y = asin (bx + c)+ d
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To create a regression model, OLT TERAE

press ‘move to 00T, fLinRegtathe

and select one of the types of regression. [ifyartkes = . ; EEEEES

Type the names of the lists separated IEQEEE.; J,E?Eéi*g*”

by a comma and press |10

If you would like to see the linear correlation CETRLTS

coefficient 7 and the coefficient of EE?GEE

determination »* for some models, Egggngﬁﬁtn

you need to turn the diagnostics on. H?E é st ieOfF
#0iagnosticOn

To do this, press
O000ron (above , the zero key) 1adnestictng
(notice that the cursor is in ALPHA mode)
and [ (above )

move down to TialTostirOr and

press to select it and then

press again to turn the diagnostics on.

Example 22 Find the equation and the graph for the data in Example 20.
Predict an exam score for a student who studies for 2.5 hours.

Be sure that you have turned the diagnostics on (see above.)

tatz

Press "moleto 1111, ZUa- Bfafs

press (for linear regression CirT1I1arr )
and press |00 .

1nkEediax+by L1, inkEeg
e g=ax+h

>
=, SB5SA5831 3

This gives us the regression model of approximately y = 8.045x + 53.556.
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"o graph this first enter the regression el uation as one of our functions.
Press |1 | 00000 to return the regression command to the screen.

"It the end of the command press | | (comma) and press (for variables)
move to the right to TrmOOSIIITIT[ D0 000)] (o select T tio 1)

and press (to select y,).

V=LHES
1ndo... Functilomn.. 1
P 200, tFarametric.. e
: PiE'ﬂur‘E : ED}*SH‘ E 33
iStatiztics.. it Ve
tTable.. -
i5hring.. LAz

Ulow press |1 | (to create the regression el uation again and to store it as y, ).

1nkEediax+by Lis 1nke3
BEER u=gx+h

NOTE: This will store the regression equation as y,. You can use a different y-value,
if you already have a function stored as y,.

Flotz  Floks

[low press to see the
regression el uation entered as y, .

Ulotice that the scatter plot from

+

Cx O (O MO T "
Press | L] or press[ZOOM] [ 9] .

(to see the regression line over the scatter plot.)
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"o predict an exam score for a student
who studied [l lhours!| either press

press and type the value ][]
and press

or return to the home screen

and press (for variables)

move to the right to 1 11111S[]

press (to select [ tio 1)
and press (to select y,)

type the value [ Jand press .

1=H.IJ'15'15'-|5'15'155H+53.5+5_

i L

" 3. 66958042

115



116

10 Calculus

Finding Local (Relative) Extrema over an Interval Using the MATH Key

One way to find the local (relative) maximum or minimum value of a function
over a closed interval is to use the MATH) key.

Type the function in the y= window first.

Then press [MATH | and

select fMin( (for function local minimum)

or fMax( (for function local maximum) to find
the x-value where the local or relative minimum or maximum occurs.

Then evaluate the function at that x-value to find the local minimum or local
maximum function value.

The format to use is:

fMin(the expressionl the variable, the smallest value in the interval, the largest value in the
interval)

fMax(the expression, the variable, the smallest value in the interval, the largest value in
the interval)

Example 1  Find the local minimum and local maximum values for

3
f(x)= % in the closed interval [-3,5].

Uirst type the function in the y= window. :';Iﬂﬂi':;li% TE;}HEI
(Be sure that all statistical plots are off.) =
wa=
~My=
Press QUIT to return to the home screen. x$5=
MW E=
wAie=
Low press [MATH] [6] (to select fMin( ).
Press NVARS| (for variables FTTIN YA s 5y —5s 07|
- (f ) 1.999993453
move to the right to Y-VARS[]
press |ENTER| (fo select Function...)
and press |ENTER| (to select y, ).

Press [L][x] [.] [©)] [3] [L] [5] )] ENTER].

This tells us that the local minimum y-value occurs when x is about 2.
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"o find the local minimum yvalue on this interval

g 123 "o
1. 999999483
-2

1
press VARS| move to the right to Y-VARS! CARS

press |ENTER] (to select Function...)
and press |ENTER| (to select y, ).

Lhen press [(] ANS (%o use the answer we found for the xvalue)
and| )] [ENTER].

The local minimum y-value in this interval is —2.

Tou can repeat this procedure using fMax( to find the maximum yValue.

To speed up the process, press ENTRY twice

i / ST
to return the fMln(. line to the screen. 21 30008538,
Move on top of Min( and replace it 1CARs )

2
with fMax( and then press |ENTER].

Then press ™| ENTRY  twice

and ENTER|to evaluate the function at that x-value

The local maximum y-value in this interval is 2.

WARNING: These options do not find the extrema over the interval. The smallest
y-value in this interval is 2, but the largest y-value occurs at the endpoint x =5 .
This maximum value is y = 8.125.

Finding a Numerical Derivative Using the MATH Key

One way to find a numerical derivative
of a function is to use the [MATH) key
and the nDeriv( option (numerical derivative).

)
PRl
tfMing
! M
nber i
tfhnlntl
iSoluer..

Use the format
nDeriv( the function, the variable, the value)
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"ITT) [0 Find the derivative of »* when a= 7.

(LTI MATH 'fo select nDeriv( for nullerical derivative!.

2, 2
ow press [ALPHA][R] [ x2 | [] ey s Talzer
[R] [J

D] [ENTER.

The derivative is approximately 6.28.

12
T om0 Find i y:% and x=3.
X

"ress MATH 'fo select nDeriv( L.

"le have already stored this function as y,, so

press for varialles!] hDEPthg%éEé%iES
Clove to the rilht to Y-VARS, '

press |ENTER| [fo select Function...[]
and press |[ENTER| (o select y, ]

Jress [][x] L] [3] )] ENTER.

The derivative is approximately 1.875.

WARNING: The TI-84/83 Plus uses the symmetric difference quotient method —
an approximation method — to find this numerical derivative. Be aware that this is
not an exact method. Also be aware that it can return a false derivative value at a

non-differentiable point.
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Finding a Definite Integral Using the MATH Key

One way to find a definite integral
of a function is to use the [MATH) key

- X

and the fnint( option (function integral). P FMine
ffMa=y
frnberiwd

Use the format frlnts

PSoluer..

fnint( the function, the variable,
the lower limit of integration, the upper limit of integration)

.12
0 OO0 Find Jj%dx.

ress [MATH] [9] (o select fnint( [

FhIhtiV1:H=51%)
"le have already stored this function as y,, so )

press for varialles!]

Llove to the ril ht to Y-VARS,

press |ENTER| [fo select Function...[]
and press |ENTER| [fo select y, [

cress [L[x] [ [o] [1] [2] D] ENTER.

12

3
2 _
The integral I . %dx has an approximate value of —2.5.

WARNING: The TI-84/83 Plus uses the Gauss-Kronrod method — an
approximation method — to find this numerical integral. Be aware that this is not
an exact method.

Finding Extrema over an Interval Using @1 CALC

If you have graphed your function, you can use
CALC (for calculate) to find a function’s minimum

or maximum value over an interval.

fmaxifum
fintersect

HEs 18 P b
LN T e s

119
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First graph your function in a window that shows the interval.
Look for the local (relative) extrema within the interval.

Then press CALC and select either minimum or maximum.

Follow the directions on the screen, choosing a left bound, a right bound and a

guess and then pressing | ENTER |.

You can select the values by typing the number and pressing [ENTER |or by
moving the cursor to the desired location and pressing [ENTER |.

(T Find the local minimum and local maximum values for

3
f(x)= % in the closed interval [-3,5].

=i 3-12078
"le have already stored this function as y,. [llee [ xallple [l /
Uraph it in a standard window. /

fe=-z ¥=1128
_ress [TRACE] | (=) ENTER
to find the value at the left endpoint of the interval. fr="2-1280.8 }k
[ress ENTER
to find the value at the left endpoint of the interval. /

z=c ¥=B.12E

To find the local relativel | linil lu, press CALC Sfor Linilul 1l
ove to the left of the local Uinil lul] and press ,

love to the ril ht of the local llinil lul] and press ,

and [love as close as possille to the local [linilull and press alain.

1= 3-1zH)'E fr=ti~F-1z81/8 1= (8~ 3-12H078 fr=th~F-120/8
i 4 |

LeFLEound? Ridht Eound? FUEssT GULEsT
L=-H51053H3 ¥=-1.193%4z w=c.A7A723Y IY=-1.16428A L:i.ﬂi‘lﬂﬂﬁ = -1.994845 w=1.9148936 I¥=-1.994645
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The screen now shows the cursor /
location of the local Uinilul’, and
the coordinates of the point.

Hininaumm
#=1.9999593 |V=-¢

Cepeat this process to find the local Uaxillull.

Clow colpare the endpoint y-values with /

the values at the local extrel a.

The maximum value for this function Eo ™ b=z

on the interval [—3,5] 1s 8.125 at x = 5 and the

minimum valueis -2 at x=2. "ol lpare this to our results in [ xal lple [

Finding a Numerical Derivative Using @T CALC

ivalue
zero
fminimum
Emaximum
tintersect

If you have graphed your function, you can use
CALC (for calculate) to find a function’s

. . . . -
numerical derivative at a given x-value.

ERK ST c

First graph your function in a window that shows the x-value.

Then press CALC and select dy/dx.

Select an x-value by moving to it or typing a number.

Then press |[ENTER |.

P12
anusfuuils Findj—y if y:% and x=3.
X

"le have already stored this function as y, and [raphed it in a standard window.

ress CALC [6] [for dy/dx, the nuJerical derivative[|3 | [ENTER],

fA= E-12078
The derivative is approximately 1.875. / /

Nas

dwddx=1. 8750001
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Finding a Definite Integral Using @1 CALC

If you have graphed your function, you can use
CALC (for calculate) to find a

definite integral of a function.

svalue
zero
fminifum
fraxinum
fintersect
H= S Rge
JECa

First graph your function in a window that shows
the lower and upper limits of integration.

The press CALC and select If(x)dx .

Select a lower limit by moving to it or typing a number and pressing ENTER |.
Select an upper limit by moving to it or typing a number and pressing ENTER | .

The calculator shades the region and gives the value of the definite integral.

3212
CIT0 OmO  Find jj%dx.

"le have already stored this function as y, and raphed it in a standard window.

To find the nu!leric inte ral, press CALC for definite intel rall)
[0] [ENTER [for the lower lilit],) ENTER| [for the upper il lit[.

‘F1=i:-=ﬁ3-1;:-=iJEu / r:mﬂ-ijj[u / /
Lioutgr Iffmit':‘ E\_/ LPPEF L‘il:'uit':' [\_/
=A =2

12
The integral I OZXT

FRlxhdx=-2.t

T dx hasan approximate value of —2.5.

"ol pare this to our result in [ xallple [']

To clear the drawinl]

press DRAW (a! bve [PRGM] [

rOraw
iLinec
tHorizontal

and |[ENTER| [fo select option ||
for CirDraw! and [ENTER]| .

iertical
:Tan3entt
:0rawF
LShaded
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Graphing the Tangent Line

If you have graphed your function, you can use
DRAW to draw a tangent line at a given x-value.

fC1rOraw
tLined
tHorizontal
ertical
Tangent.c

: Or-awF
J5Shade

While in the graphing window, press DRAW and select Tangent(.

Select an x-value by moving to it or typing a number.

Then press | ENTER |.

The screen shows the graph of the tangent line and its equation.

First graph your function in a window that shows the x-value.

(T O Graph the tangent lineto y = XT at x =3.

Find the approximate equation of this tangent line.

"le have already stored this function as y, and [raphed it in a standard window.

OO OO T OGO I T T T O T T T [

To draw the tanl ent line at x =3, y
press DRAW for draw tanlent!)
ENTER [for the x-value'.

The approximate equation of the tangent line is y =1.875x—6.75 .

=3
w1 BPEOO0IEEE "R PEN00_

To clear the drawinl) press DRAW [da ove |PRGM| [
and |[ENTER| [fo select option ] for ClrDraw| and |[ENTER| .

Graphing the Derivative

The TI-84/83 Plus can plot a numerical derivative.

To do this, use the MATH| key to enter the numerical derivative as a function in the
y= window.
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3
LI 00 Graph y=f'(x) if f(x):% .

irst type the function in the y= window.
Move the cursor to y,.

Then press MATH 'fo select nDeriv( L.

ress for varialles[ I love to the ril ht to Y-VARS,
press |[ENTER| [fo select Function...[land press | ENTER| [fo select y, L.

Flotl Flatz Floks

tress [L][x] [L] [x] D] - BT 20T

H?EEHDEPIUﬁV1:H:
Move to the left of the y, and :ﬁiz
press |ENTER to create a heavier :ﬁz:
line for the ['raph of the derivative. /
Uow press | ZOOM @ -
'fo [raph the function and its /
nulleric derivative in a standard window. [

Derivatives — Polar Functions

If you have graphed a polar function,
you can use the TI-84/83 Plus to find the

. . d dr .
numeric derivatives d_y and g sing CALC.
x

"I"all [Je [T] Find the approximate value of % at @ :% if

r==6cos’ 460+ 4sin30.

Be sure that your calculator is in polar mode and radian mode.
Graph the function in a standard window. (See Section 4, Example 7.)



