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Preface

The HP 39G/40G is a feature-rich graphing calculator. Itis
also a powerful mathematics learning tool. The HP 39G/40G
is designed so that you can useiit to explore mathematical
functions and their properties.

Y ou can get more information on the HP 39G/40G from
Hewlett-Packard’s Calculators web site. You can download
customized aplets from the web site and load them onto your
calculator. Customized aplets are special applications
developed to perform certain functions, and to demonstrate
mathematical concepts.

Hewlett Packard’s Calculators web site can be found at:

www.hp.com/calculator s

Manual conventions

The following conventions are used in this manual to
represent the keys that you press and the menu options that
you choose to perform the described operations.

» Key presses are represented as follows:

), (Co8), (FoME), etc.

»  Shift keys, that is the key functions that you access by
pressing the key first, are represented as follows:

(SHIFT)CLEAR, (SHIFT]MODES, (SHIFT]ACOS, €tC.

* Numbersand letters are represented normally, asfollows:
5 7,A, B, etc.

* Menu options, that is, the functions that you select using
the menu keys at the top of the keypad are represented as
follows:

ELTl, ELIES AE.

* Input form fields and choose list items are represented as
follows:

Functi on, Pol ar, Paranetric

* Your entries as they appear on the command line or
within input forms are represented as follows:

2% X2- 3X+5

Preface P-1



Notice

Thismanual and any examples contained herein are provided
as-is and are subject to change without notice. Except to the
extent prohibited by law, Hewlett-Packard Company makes
no express or implied warranty of any kind with regard to this
manual and specifically disclaims the implied warranties and
conditions of merchantaiblity and fitness for a particular
purpose and Hewlett-Packard Company shall not beliablefor
any errorsor for incidental or consequential damagein
connection with the furnishing, performance or use of this
manual and the examples herein.

O Hewlett-Packard Company 2000, all rights reserved.

The programs that control your HP 39G/40G are copyrighted
and all rights are reserved. Reproduction, adaptation or
translation of those programswithout prior written permission
of Hewlett Packard is prohibited.

P-2

Preface



Getting started

On/off, cancel operations

To turn on

To cancel

To turn off

HOME

Press to turn on the calculator.

When the calculator is on, the key cancels the current
operation.

Press (SHIFT)OFF to turn the calculator off.

To save power, the calculator turnsitself off after several
minutes of inactivity. All stored and displayed informationis
saved.

If you see the ((+)) annunciator or the Low Bat message,
then the calculator needs fresh batteries.

HOME is the calculator’s home view and is common to all
aplets. If you want to perform calculations, or you want to quit
the current activity (such as an aplet, a program, or an editor),
press(Home]. All mathematical functions are available in the
HOME. The name of the current aplet is displayed in the title
of the home view.

Getting started
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The display

To adjust the
contrast

To clear the
display

Parts of the
display

NOTE

Simultaneously press (ON] and (+] (or (-]) toincrease (or
decrease) the contrast.
e PresANCEL to clear the edit line.

* PresssHIFT)CLEAR to clear the edit line and the display
history.

——Title

History {
| 25

Edit line —|J739 Menu key

—labels

Menu key or soft key labels. The labels for the menu keys’
current meaning&E L is the label for the first menu key in
this picture. “PresBElI3" means to press the first menu key,
that is, the leftmost top-row key on the calculator keyboard.

Edit line. The line of current entry.

History. The HOME display (HOME]) shows up to four lines
of history: the most recent input and output. Older lines scroll
off the top of the display but are retained in memory.

Title. The name of the current aplet is displayed at the top of
the HOME view. RAD, GRD, DEG specify whether Radians,
Grads or Degrees angle mode is set for HOME.vl la@da
symbolsindicate whether there is more history in the HOME
display. Press thigr) and(a] to scroll in the HOME display.

The HP 40G is packaged with a computerized algebra system
(CAS). Presf&iE to access the computerized algebra system.
This User’s Guide contains images from the HP39G and do
not display th&E menu key label.

1-2
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Annunciators. Annunciators are symbols that appear above
thetitle bar and give you important status information.

Annunciator Description

Shift in effect for next keystroke. To
cancel, press again.

a Alphain effect for next keystroke.
To cancel, press again.
() Low battery power.
4 Busy.
>» Dataisbeingtransferredviainfrared
or cable.

The keyboard

Menu keys

Menu key
labels

Menukeys—\@@@@@@

Aplet control —E (ore] @ (er ] r

oo = (€)
keys - - -

B

S/N

Cursor
keys

} !
e K]
Ww‘w--@@

Shift key 0

noreeapX = ans ‘”Cf

W@Gmw

Enter key

Getting started 1-3



¢ On the calculator keyboard, the top row of keys are
called menu keys. Their meanings depend on the

context—that's why their tops are blank. The menu keys

are sometimes called “soft keys”.

« The bottom line of the display shows the labels for the

menu keys’ current meanings.

Aplet control keys

The aplet control keys are:

=
2

Meaning

%)
=<
<
@

PLOT

NUM

e
%
m z

VIEW

w

Displays the Symbolic view for the
current aplet. See “Symbolic view” on
page 1-15.

Displays the Plot view for the current
aplet. See “Plot view” on page 1-15.

Displays the Numeric view for the
current aplet. See “Numeric view” on
page 1-15.

Displays the HOME view. See
“HOME” on page 1-1.

Displays the Aplet Library menu. See
“Aplet library” on page 1-15.

Displays the VIEWS menu. See “Aple

t

views” on page 1-15.

1-4
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Entry/Edit keys

The entry and edit keys are:
Key Meaning
(CANCEL) Cancelsthe current operation if the

SHIFT

HOME

ALPHA

ENTER

X, T,0

DEL

CLEAR

(«, (], (],
v]

CHARS

calculator ison by pressing (ON].
Pressing (sHIFT], then OFF turns the
calculator off.

Accesses the function printed in blue
above akey.

Returns to the HOME view, for
performing calculations.

Accesses the aphabetical characters
printed in orange below akey. Hold
down to enter astring of characters.

Enters an input or executes an
operation. In calculations, acts
like “=". WhenEH orEZETH#i is present
as a menu key(ENTER] acts the same
as pressingid or EELTEL

Enters a negative number. To enter
—25, pres$(-))25. Note: thisisnot the
same operation that the subtract
button performs ([-)).

Enters the independent variable by
insertingX, T, 6, or N into the edit line,
depending on the current active aple

—

Deletes the character under the curspr.
Acts as a backspace key if the cursor is
at the end of the line.

Clears all data on the screen. On a
settings screen, for example Plot
Setup[SHIFT]CLEARTreturns all settings
to their default values.

Moves the cursor around the display.

Press{SHIFT] first to move to the

beginning, end, top or bottom.

Displays a menu of all available
characters. To type one, use the arrow
keys to highlight it, and pre&&. To
select multiple characters, select each
and pres&HiL, then presHE.

Getting started
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Shifted keystrokes

HELPWITH

Example

There are two shift keys that you use to access the operations
and characters printed above the keys: and (ALPHA).

Key

Description

Pressthe key to accessthe
operations printed in blue above the
keys. For instance, to access the Modes

screen, press ,thenpress .
(MoDEsis labelled in blue above the

key). Y ou do not need to hold
down when you press HOME.

Thisaction is depicted in this manual as
“press(SHIFT]MODES.”

To cancel a shift, pregsHirT] again.

The alphabetic keys are also shifted
keystrokes. For instance, to type Z, pre

(ALPHA]Z. (The letters are printed in
orange to the lower right of each key.
To cancel Alpha, press again
For a lower case letter, press
(ALPHA).

For a string of letters, hold down

while typing.

The HP 39G built-in help isavailablein HOME only. It
provides syntax help for built-in math functions.

Accessthe HELPWITH command by pressing SYNTAX
and then the math key for which you require syntax help.

Press SYNTAX

LHPEEE |

HELPWITH 2+

Note: Remove the |eft parenthesis from built-in
commands such as sine, cosine, and tangent before
invoking the HELPWITH command.

1-6
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Math keys

HINT

Program
commands

Inactive keys

HOME ((HOME]) is the place to do calcul ations.

Keyboard keys. The most common operations are available
from the keyboard, such as the arithmetic (like (+]) and
trigonometric (like (SIN]) functions. Press (ENTER] tO

complete the operation: [SHIFT)V 256(ENTER] displays 16.
MATH menu. Press s BT

ATH FUMCTIOMZ

i Stat-Two |DEGHRAD
MATH men.u Isf’i Sumbolic |FLOOR
comprehensive list of math —{Test=  wlFHROOT |-

functionsthat do not appear on
the keyboard. It also includes
categoriesfor all other functionsand constants. The functions
are grouped by category, ranging in alphabetica order from
Calculus to Trigonometry.

— The arrow keys scroll through the Ii%q, ) and
move from the category list in the left column to the
item list in the right column(f&], [»)).

— Pres&H to insert the selected command onto the edit
line.

— Pres$EGEIEH to dismiss the MATH menu without
selecting a command.

— PressingefzE displays the list of Program
Constants. You can use these in programs that you
develop.

— PressindgEitl takes you to the beginning of the
MATH menu.

See “Math functions by category” on page 10-3 for details of
the math functions.

When using the MATH menu, or any menu on the HP 39G/
40G, pressing an alpha key takes you straight to the first menu
option beginning with that alpha character. With this method,
you do not need to pre§sLrHA] first. Just press the key that
corresponds to the command’s beginning alpha character.

PressingsHiFT)cmbsdisplays the list of Program Commands.
See “Programming commands” on page 15-14.

If you press a key that does not operate in the current context,
a warning symbol like thidk appears. There is no beep.

Getting started
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Menus

To search a menu

To cancel a menu

A menu offers you a choice of
items. Menus are displayed in
one or two columns.

l[F Lot —Detail

D )
O ——— T T

Thekd arrow in the displawﬁmm
H MATH FUNCTIONE
means more items below. ‘ EEéLéHE
) X a 0] *
TheE3arrow in the display Sumbolic |FLOOR

means more items above| —==s ¥IFHRODT  ¥]”

MTH=[CONE] ] [eANEL] Ok

Presgv] or (a] to scroll through the list. If you press
(v]or (a], you'll go all the way to the end
or the beginning of the list. Highlight the item you want
to select, then pre&& (or (ENTER]).

If there are two columns, the left column shows general
categories and the right column shows specific contents
within a category. Highlight a general category in the left
column, then highlight an item in the right column. The
list in the right column changes when a different category
is highlighted. Pre<S3 or when you have
highlighted your selection.

To speed-search a list (with no edit line), type the first
letter of the word. For example, to find the Matrix
category in(MATH], press))], the Alpha“M” key.

To go up a page, you can prgssirT) («]. To go down a
page, press o}

Press(ON] (for caNcCEL) or ELZEES. This cancels the current
operation.

1-8
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Input forms

Aninput form shows several fields of information for you to
examine and specify. After highlighting the field to edit, you
can enter or edit anumber (or expression). Y ou can also select
options from alist (EEEEE). Some input forms include items
to check (EZEELS). See below for an example of an input form.

#FUMCTIOM PLOT ZETUP

_ WY,
' COMMECT w LAEELZ
¥ ARE: _GRID
Faster
EMTER HMIMIMUM HORIZOMTAL WALUE PLOT FUMCTIOW: ZIMULTAMEOUZLY
T N T 0 N | | T -
Reset input Toreset adefault field valuein aninput form, move the cursor
form values tothat field and press (DEL]. Toreset all default field valuesin

theinput form, press CLEAR.

Mode settings

Y ou use the Modes input form to set the modes for HOME.

HINT  Although the numeric setting in Modes affects only HOME,
the angle setting controls HOME and the current aplet. The
angle setting selected in Modes is the angle setting used in
both HOME and current aplet. To further configure an aplet,
you use the seTUP keys ((SHIFT] (PLOT] and [SHIFT) (NUM]).

Press MODESto accessthe HOME MODES input form.

Setting Options
Angle Angle values are:
Measure Degrees. 360 degreesin acircle.

Radians. 2ntradiansin acircle.
Grads. 400 gradsin acircle.

The angle mode you set isthe angle
setting used in both HOME and the
current aplet. Thisis done to ensure that
trigonometric calculations donein the
current aplet and HOME give the same
result.

Getting started 1-9



Setting

Options (Continued)

Number
Format

Decimal
Mark

The number format mode you set isthe
number format used in both HOME and
the current aplet.

Standard. Full-precision display.
Fixed. Displays results rounded to a
number of decimal places. Example:
123.456789 becomes 123.46 in Fixed 2
format.

Scientific. Displays results with an
exponent, one digit to the left of the
decimal point, and the specified number
of decimal places. Example: 123.456789
becomes 1.23E2 in Scientific 2 format.

Engineering. Displays result with an
exponent that is amultiple of 3, and the
specified number of significant digits
beyond thefirst one. Example: 123.456E7
becomes 1.23E9 in Engineering 2 format.

Fraction. Displays results as fractions
based on the specified number of decimal
places. Examples; 123.456789 becomes
123 in Fraction 2 format, and .333
becomes 1/3 and 0.142857 becomes 1/7.
See “Using fractions” on page 1-24.

Dot or Comma Displays a number as
12456.98 (Dot mode) or as 12456,98
(Comma mode). Dot mode uses commas
to separate elements in lists and matrices,
and to separate function arguments.
Comma mode uses periods (dot) as
separators in these contexts.

1-10
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Setting a mode

This example demonstrates how to change the angle measure
from the default mode, radians, to degrees for the current
aplet. The procedure is the same for changing number format
and decimal mark modes.

1. Press (SHIFT]MODES to open the HOME MODES input
form.

The cursor (highlight) isin

thefirst field, Angl e JFadians
MUMEER FORMAT: Fract ion ¢

Measur e. DECIMAL Makk: Dot &, 3

CHODSE AMGLE MEAZURE
L Johoo:l ] ]

2. PressEIEE to display a
list of choices.

3. Press(a] toselect
Degr ees, and pressiZa.

MUMEER FORMAT: Fracthion <

The angle measure BECIMAL MARK: Dot €, 3
h rees.

changes to degrees CHODSE AMGLE MEASURE

HOME.

HINT  Whenever aninput form hasalist of choicesfor afield, you
can press (+) to cycle through them instead of using EEEIE.

Aplets (E—lessons)

Aplets are the application environments where you explore
different classes of mathematical operations. Y ou select the
aplet that you want to work with.

Aplets come from a variety of sources:
e Built-in the HP 39G/40G (initial purchase).

» Aplets created by saving existing aplets, which have been
modified, with specific configurations. See “Creating
new aplets based on existing aplets” on page 16-1.

* Downloaded from HP’s Calculators web site.

» Copied from another calculator.
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Aplets are stored in the Aplet
library. See “Aplet library” on|Ef=

1
Tnf
page 1-15 for further Parametric BKE
information. Folar ke
Sequence BEE w

REZET| SO T |SEND | RECY ]

You can modify configuration
settings for the graphical, tabular, and symbolic views of the
aplets in the following table. See “Aplet view configuration”
on page 1-17 for further information.

Aplet Usethisaplet to explore:
name
Function Real-valued, rectangular functigris

terms of x Example:y = 2% +3x+5 .

Inference Confidence intervals and Hypothesis tests
based on the Normal and Students-t
distributions.

Parametric | Parametric relatiorgndy in terms oft.
Example: x = cost) andy = sin().

Polar Polar functions in terms of an anglé.
Example:r = 2cos(46) .

Sequence Sequence functidh#n terms of nor in
terms of previous terms in the same or
another sequence, such@s_ ; and
U,_,. Example:U; =0 U, =1 and
Un = Un—2 + Un—l'

Solve Equations in one or more rezal-valued
variables. Examplex+1 = X" —x—2.

Statistics One-variable)( or two-variable X andy)
statistical data.

In addition to these aplets, which can be used in a variety of
applications, the HP 39G/40G is supplied with two teaching
aplets: Quad Explorer and Trig Explorer. You cannot modify
configuration settings for these aplets.

A great many more teaching aplets can be found at HP’s web
site and other web sites created by educators, together with
accompanying documentation, often with student work
sheets. These can be downloaded free of charge and
transferred to the HP 39G/40G using the separately supplied
Connectivity Kit.

1-12
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Quad Explorer

aplet

HINT

The Quad Explorer aplet isused to investigate the behaviour
of y = a(x+ h)2 + v asthevaluesof a, h and v change, both
by manipulating the equation and seeing the changein the
graph, and by manipulating the graph and seeing the change
in the equation.

More detailed documentation, and an accompanying student
work sheet can be found at HP’s web site.

When first started, the aplet i
in EIEZHE mode, in which the |- - -
arrow keys, thg+] and(-]
keys and th@-)) key are used
to change the shape of the |t e e

graph. This changing shape is

reflected in the equation displayed at the top right corner of
the screen, while the original graph is retained for
comparison. In this mode the graph controls the equation.

It is also possible to have the-
equation control the graph. |:: \\|

R0 g0

Pressindg®Ia displays a |+ jxf T4
sub-expression of your RS S ;g'fi,“ "
equation (see right). D T

Pressing thé»] and(«]) key moves between sub-
expressions, while pressing tfie) and (v] key changes
their values.

Pressindgg313E allows the user to select whether all three sub-
expressions will be explored at once or only one at a time.

A EEH button is provided to (1
evaluate the student’s s \\l o EW

knowledge. Pressirf§®® = |+~ l\_/ “TF

displays a target quadratic |:::::1:: ;M ?1 done |
graph. The student must
manipulate the equation’s parameters to make the equation
match the target graph. When a student feels that they have
correctly chosen the parameteEESH button evaluates the
answer and provide feedback. BEEE button is provided

for those who give up!

Getting started
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Trig Explorer
aplet

The Trig Explorer aplet isused

to investigate the behaviour

of thegraph of y = asin(bx +c) +d asthevaluesof a, b, ¢
and d change, both by manipulating the equation and seeing
the change in the graph, or by manipulating the graph and
seeing the change in the equation.

When the user presses EifTE:

W= SINCHY

in the EITEEER view, the screen
shown right is displayed.

In this mode, the graph

controlsthe equation. Pressing

the (a](v] and («J[»] keys

transforms the graph, with
these transformationsreflected
in the equation.

The button labelled EfET isa
toggle between EFEET and
FEIE0. WhenEEEES is
chosen, the ‘point of control’ i
at the origin (0,0) and the

(a)(v]) and («](»] keys

Origin

W= SINCHY

1

control vertical and horizontal
transformations. WheeEED
is chosen the ‘point of control’

N UTI’ Mﬂ

[ 21N u[ FAD m[ORIGa] [ INCF JREZET)
is on the first extremum of the

graph (i.e. for the sine graph @/ 2,1)

The arrow keys change the

amplitude and frequency of the
graph. This is most easily seen

by experimenting.

Pressing(syms] displays the
equation at the top of the

screen. The equation is

controls the graph. Pressing th _1 Uﬂ

(»] and [«Jkeys moves from
parameter to parameter.

—Extremum

Y= 3. @=3INCHY

Pressing th¢a] or (v] key changes the parameter’s values.

The default angle setting for t

his aplet is radians. The angle

setting can be changed to degrees by preEETg.

1-14
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Aplet library

To open an aplet

Aplet views

Symbolic view

Plot view

Numeric view

Apletsare stored in the Aplet library.

Press to display the Aplet library menu. Select the
aplet and press EZEI[EE or (ENTER).

From within an aplet, you can return to HOME any time by
pressing (FOME).

When you have configured an aplet to define the relation or
data that you want to explore, you can display it in different
views. Here areillustrations of the three major aplet views
(Symbolic, Plot, and Numeric), the six supporting aplet views
(from the VIEWS menu), and the two user-defined views
(Note and Sketch).

Press to display the aplet’s Symbolic view.

You use this view to define th FUNCTION SYMEOLIC VIEW S

i i CRI=CHEIYE—2
function(s) or equation(s) tha 2 ci=E 20500

you want to explore. Fa
Faixi=
See “About the Symbolic FICK)= R
[EniT [ cHi[ 5 | JsHoki] EvnL ]

view” on page 2-1 for further
information.

PresgpLOT) to display the aplet’s Plot view.

In this view, the functions tha T
you have defined are displaye \ }’
graphically. \v \\\//_

W Flink: 7 EEM

See “About the Plot view” on
page 2-5 for further
information.

Press(Num] to display the aplet’s Numeric view.

In this view, the functions th
you have defined are displaye®
in tabular format. :

See “About the numeric view'
on page 2-15 for further
information.

Getting started
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Plot-Table
view

The VIEWS menu contains the Plot-Table view.

VIEWS
Select Pl ot - Tabl e

Splits the screen into the plot

and the data table. See “Other
views for scaling and splittin
the graph” on page 2-13 for futher information.

Plot-Detail The VIEWS menu contains the Plot-Detail view.
vView VIEWS
Select Pl ot - Det ai |
Splits the screen into the plot
and a close-up.
200t [ Thiaca] ik | FCW JHEFH | ¢ |
See “Other views for scaling and splitting the graph” on
page 2-13 for further information.
Overlay Plot The VIEWS menu contains the Overlay Plot view.
view VIEWS
Select Overl ay Pl ot EE /7“
Plots the current expression(
without erasing any pre-
existing plot(s).
See “Other views for scaling and splitting the graph” on
page 2-13 for further information.
Note view Press(sHIFT)NOTE to display the aplet's note view.
This note is transferred with FUNCTION MOT
the aplet if it is sent to anothe ENT 5, D
calculator or to a PC. A note
view contains text to
supplement an aplet.
See “Notes and sketches” on page 14-1 for further
information.
Sketch view Press(SHIFT)SKETCH to display the aplet's sketch view.
1-16 Getting started



Displays picturesto
supplement an aplet.

GIVEM:

n F=10 AND D=12
1 FIMD THE VALLE OF
A. B AMD C.
See “Notes and sketches” or v
page 14-1 for further

information.

Aplet view configuration

Plot Setup

Numeric Setup

Symbolic
Setup

To change views

To save aplet
configuration

You use thesstup keys (SHIFT] (PLOT], and(SHIFT](NUM]) to
configure the aplet. For example, press [SEETYP-PLOT
((sHiFT] (PLOT))to display the input form for setting the aplet’'s
plot settings. Angle measure is controlled usingubpes
view.

Pres$sHIFT)SETUP-PLOT. Sets
parameters to plot a graph.

FUMCTION PLOT ZETUP
=

L ) 6-5
tENE =7, 1285, 7.3
utick: 1 YTICK: 1
kEs: Faster

ENTER MIMIMUM HORIZOMTAL WALUE
EpT] | FRSEW ] |

Press(SHIFT)SETUP-NUM. Sets  [runcrio wumeric sETup 35508
parameters for building a tabltuHETaRT:

. NUMSTER: .1
of numeric values. NUMTYPE: Aot omat ic

MUMZOOHM: 4

EMTER STAKTING YALUE FOR THELE
EnT] [ | PLOTH |

This view is only available in
the Statistics aplet in 2VAR
mode, where it plays an
important role in choosing dat
models. Presq{{HIFT]SETUP

SEE STATISTICS S¥MEBOLIC SETUPR 385
ANGLE MERZURE: [(EPEE RS
AFT:Linear fEFT:Linear
3FIT:Linear SFTLinear
(FEFIT:Linear

CHOOZE AMGLE MERZURE

SYMB.

Each view is a separate environment. To change a view, select
a different view by pressingyms], (NUM], (PLOT] keys or

select a view from the VIEWS menu. To change to HOME,
press(HOME]. You do not explicitly close the current view,

you just enter another one—like passing from one room into
another in a house. Data that you enter is automatically saved
as you enter it.

You can save an aplet configuration that you have used, and
transfer the aplet to other HP 39G/40G calculators. See
“Sending and receiving aplets” on page 16-5.

Getting started
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Mathematical calculations

Where to start

Entering
expressions

Example

Long results

The most commonly used math operations are available from
the keyboard. Access to the rest of the math functionsisvia

the MATH menu ((MATH)).

To access programming commands, press CMDS. See
“Programming commands” on page 15-14 for further
information.

The home base for the calculator is the HOME view
((HomE)). You can do all calculations here, and you can

access all (MATHpperations.

« Enter an expression into the HP 39G/40G in the same
left-to-right order that you would write the expression.
This is calledalgebraic entry.

¢ To enter functions, select the key or MATH menu item
for that function. You can also enter a function by using
the Alpha keys to spell out its name.

* PresqENTER] to evaluate the expression you have in the
edit line (where the blinking cursor is). ARpression
can contain numbers, functions, and variables.

2
Calculate%glnms) :

(J23(x?]
()14

X] (SHIFT]V 8) C2EE-14%050 - FELHC4S)
0] -£20, 996164305
()45 )

If the result is too long to fit on the display line, or if you want
to see an expression in textbook format, pfe$go highlight
it and then pres&iiE|.

Neg ative Type ((-)] to start a negative number or to insert a negative
numbers sign.
To raise a negative number to a power, enclose it in
parentheses. For example, 525, whereas -%5= —25.
1-18 Getting started



Scientific A number like 5 x 10% or 3.21 x 107 iswritten in scientific
notation notation, that is, in terms of powers of ten. Thisissimpler to
work with than 50000 or 0.000000321. To enter numberslike

(powers 0f 10)  ce e eex (Thisis easier than using (X 1007).)
(4x 1073 (6 x 10%)

3x107°
(O 4 (SHIFTJEEX
(©]13 )
(6 [SHIFTJEEX
230)) (=) 3 [SHIFTJEEX (4E-13)#(GEra)-3E-o%

Example Cdculate

(©))5
4.E-13#6.E23-. BAAG2
8.E15
T A S N
Explicit and Implied multiplication takes place when two operands appear
implicit with no operator in between. If you enter AB, for example, the
result is A* B.

multiplication
However, for clarity, it is better to include the multiplication
sign where you expect multiplication in an expression. Itis
clearest to enter AB as A* B.

HINT  Implied multiplication will not alwayswork as expected. For
example, entering A( B+4) will not give A* ( B+4) . Instead
an error message is displayed: “Invalid User Function”. This
is because the calculator interprafB+4) as meaning
‘evaluate functiorA at the valudg3+4’, and functionA does
not exist. When in doubt, insert the * sign manually.
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Parentheses Y ou need to use parentheses to enclose arguments for
functions, such as SIN(45). Y ou can omit thefinal parenthesis
at the end of an edit line. The calculator insertsiit
automatically.

Parentheses are also important in specifying the order of
operation. Without parentheses, the HP 39G/40G calculates
according to the order of algebraic precedence (the next
topic). Following are some examples using parentheses.

Entering... Calculates...
45(x) 0 sin(45+1)
(SN)45() () (SHIFT) T sin (4) +
V85(x)9 J/85x9
[HFY ([ 85(x)9 () J/B5x9
i unctions within an expression are evaluated in the following
Algebraic F h auated in thefoll
precedence order of precedence. Functions with the same precedence are
order of evaluated in order from left to right.
evaluation 1. Expressions within parentheses. Nested parentheses are
evaluated from inner to outer.
2. Prefix functions, such as SIN and LOG.
3. Postfix functions, such as!
4. Power function, *, NTHROOT.
5. Negation, multiplication, and division.
6. Addition and subtraction.
7. AND and NOT.
8. ORand XOR.
9. Left argument of | (where).
10. Equals, =.
Largest and The smallest number the HP 39G/40G can represent is
smallest 1 x 10%991E-499). A smaller resultis displayed as zero. The
numbers largest number is 9.99999999999 <4A larger resultis

still displayed as this number.
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Clearing . clears the character under the cursor. When the

numbers cursor is positioned after the last charadter ] deletes
the character to the left of the cursor, that is, it performs
the same as a backspace key.

* CANCEL ([ON]) clears the edit line.

* [SHIFT]JCLEAR clears all input and output in the display,
including the display history.

Using The HOME display [(HOME]) shows you four lines of input/
previous output history. An unlimited (except by memory) number of
results previous lines can be displayed by scrolling. You can retrieve

and reuse any of these values or expressions.

[zER
Input —1+2+2
. £— Output
Last input -2 ‘
9978 Last output

Editline —Ex77+
T e ——

When you highlight a previous input or result (by pressing
(a)), thelEEE andEEE menu labels appear.

To copy a Highlight the line (presfa]) and presEIiEl. The number (or
previous line expression) is copied into the edit line.

To reuse the last PresssHIFT)ANS (last answer) to put the last result from the
result HOME display into an expressiomnsis a variable that is
updated each time you pregsiTer].

To repeat a To repeat the very last line, just pr¢ssTer]. Otherwise,
previous line highlight the line (presg)) first, and then pregsnTer]. The

highlighted expression or number is re-entered. If the
previous line is an expression containingARs, the
calculation is repeated iteratively.
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Example

HINT

See how [SHIFT)ANS retrieves and reuses the last result (50),
and (ENTER] updates ANS (from 50 to 75 to 100).

S0(ENTER] (+] 25 =Em
I

Y ou can use the last result as thefirst expression in the edit
line without pressing (SHIFT]ANS. Pressing (+), (=], (X], of
(=], (or other operators that require a preceding argument)
automatically enters ANS before the operator.

Y ou can reuse any other expression or value in the HOME
display by highlighting the expression (using the arrow keys),
then pressing EIE1. See “Using previous results” on page 1-
21 for more details.

The variableans is different from the numbers in HOME's
display history. A value iansis stored internally with the full
precision of the calculated result, whereas the displayed
numbers match the display mode.

When you retrieve a number froans, you obtain the result
to its full precision. When you retrieve a number from the
HOME's display history, you obtain exactly what was
displayed.

PressingENTER] evaluates (or re-evaluates) the lagut,
whereas pressing (SHIANS copies the last result (ass) into
the edit line.

1-22
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Storingavalue  You can save an answer in avariable and use the variablein

in a variable later calculations. There are 27 variables available for storing
real values. These are A to Z and 6. See Chapter 11,
“Variables and memory management” for more information
on variables. For example:

1. Perform a calculation.

45(x)8 (V)3

2. Store the result in the A variable.

BRI (AR A

557
297

3. Perform another calculation using the A variable.

95)2(X) (A A

Accessing the  Pressinga) enables the highlight bar in the display history.
display history While the highlight bar is active, the following menu and
keyboard keys are very useful:

Key Function
(a), (v] Scrolls through the display history.
COFY] Copies the highlighted expression to the

position of the cursor in the edit line.

ZHOL Displays the current expression in standard
mathematical form.

DEL Deletes the highlighted expression from
the display history, unless there is a curgor
in the edit line.

Clears all lines of display history and the
CLEAR edit line.
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Clearing the It's a good habit to clear the display histofy{FT)CLEAR)

display histo ry whenever you have finished working in HOME. It saves
calculator memory to clear the display history. Remember
thatall your previous inputs and results are saved until you
clear them.

Using fractions

To work with fractions in HOME, you set the number format
to Fractions, as follows:

Setting 1. In HOME, open the HOME MODES input form.
Fraction mode (SHIFT)MODES

DECIMAL MARK: Dot (.0

CHODZE ANGLE MERSURE
| [cHoo:[ | |

2. Select Number Format and pr&EEEE to display the
options, then select Fraction.

DENE O ©

alstandard
wum|Fixed
peci|Scientific

Tl EnE ineeri ni

3. PresddH to select the
option, then select the precision value.

EE )

ANGLE MERsURE: Radians
HUMEER FORMAT: Fract ion
DECIMAL MARk: Dot €. 2

EMTER DECIMAL PLACEZ TO UZE

4. Enter the precision that you want to use, and [8ss
set the precision. Pre§Some] to return to HOME.

See “Setting fraction precision” below for more
information.
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Setting The fraction precision setting determines the precision in
fraction which the HP 39G/40G convertsadecimal valueto afraction.

. The greater the precision value that is set, the closer the
precision fraction isto the decimal value.

By choosing a precision of 1 you are saying that the fraction
only hasto match 0.234 to at least 1 decimal place (3/13is
0.23076...).

The fractions used are found using the technique of continued
fractions.

When converting recurring decimals this can be important.
For example, at precision 6 the decimal 0.6666 becomes
3333/5000 (6666/10000) whereas at precision 3, 0.6666
becomes 2/3, which is probably what you would want.

For example, when converting .234 to afraction, theprecision
value has the following effect:

e Precision setto 1:

e Precision set to 2:

* Precision set to 3:

e Precision set to 4

117-2588

TN I I
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Fraction When entering fractions:
calculations * You use the(:) key to separate the numerator part and

the denominator part of the fraction.
* To enter a mixed fraction, for examplélzlyou enter it
in the format (14/,).

For example, to perform the following calculation:
3(21, + 5'lg)
1. Setthe mode Number format to fraction.

ST MoDES (7]

u
GLITE Selec[ MUMEER FORMAT: Frract ion
Fracti on DECIMAL MARK: [ioh €. 3

[ERTER) (54 I

EMTER DECIMAL PLACEF TO USE

2. Return to HOME and enter the calculation.

3 [0 [02:)3
HAD 0567
et

JEL(2+3-4 1405+ -5 04
IESTN I I S

3. Evaluate the calculation.

ETRA] % FUNCTION &
S (E+I 4+(THT /G
78
Converting To convert a decimal value to a fraction:
decimals to 1. Set the number mode to Fraction.

fractions 2. Either retrieve the value from the History, or enter the

value on the command line.

3. Press [ENTER] to convert the number to a fraction.
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Converting a
number to a
fraction

When converting a number to afraction, keep the following
pointsin mind:

* When converting a recurring decimal to a fraction, set the
fraction precision to about 6, and ensure that you include

more than six decimal places in the recurring decimal
that you enter.

In this example, the p
fraction precision is set |-&&&
to 6. The top calculation |, ss&s

returns the correct result. F333./SEHH

The bottom one does not e ———

2.8

« To convert an exact decimal to a fraction, set the fraction
precision to at least two more than the number of decimal

places in the decimal.

In this example, the
fraction precision is set |-23
to 6. JBE2T

FUNCTION

1-4

5.8

Complex numbers

Complex results

To enter complex
numbers

The HP 39G/40G can return a complex number as a result for

some math functions. A complex number appears as an
ordered pairy, y), where xs the real part andig the
imaginary part. For example, entering1  returns (0,1).

Enter the number in either of these forms, wharsthe real
part,y is the imaginary part, ands the imaginary constant,
J-1:

e (xy)or

o X+iy.

To enter:

+ press[sHIFT) (ALPHA) |
or

» presgMATH], [a) or [v] keysto seledfonst ant , [»]
to move to the right column of the menu, (W] select ,

andEE.

Getting started
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Storing complex
numbers

Thereare 10 variablesavail ablefor storing complex numbers:
Z0t0 Z9. To store acomplex number in avariable:

« Enter the complex number, pr&E£Es, enter the
variable to store the number in and prEsstRr].

040)50) BER
(ALPHA)Z O

Catalogs and editors

The HP 39G/40G has several catalogs and editors. You use
them to create and manipulate objects. They access features
and stored values (numbers or text or other items) that are

independent of aplets.

¢ A catalog lists items, which you can delete or transmit,
for example an aplet.

« An editor lets you create or modify items and numbers,
for example a note or a matrix.

Catalog/Editor Contents

Aplet library Aplets.

((apLET))

Sketch editor Sketches and diagrams, See

([SHIFT]XETCH) Chapter 14, “Notes and sketches”.

List ((SHIFTJLIST) Lists. In HOME, lists are enclose
in {}. See Chapter 13, “Lists”".

Matrix One- and two-dimensional arrays.

([SHIFT]MATRIX) In HOME, arrays are enclosed in
[]. See Chapter 12, “Matrices”.

Notepad Notes (short text entries). See

([SHIFT)NOTEPAD) Chapter 14, “Notes and sketches”.

Program Programs that you create, or

([SHIFT]PROGRAM) associated with user-defined

aplets. See Chapter 15,
“Programming”.
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Differences between the HP 38G and the

HP 39G/40G

CAS

Memory
manager

Plot Goto
function

Statistics Pred
function

Inference aplet

Trig Explorer
and Quadratic
Explorer
aplets

The HP 40G is packaged with a computer algebra system
(CAS). Refer to the CAS Manual for further information.

The HP 39G/40G incorporates a memory manager that you

can use to see how much memory the objects that you have
created or loaded are occupying. See “Memory Manager” on
page 11-9 for more information.

In Plot view, you can use tEEEZI menu key to jump to a
value on the plot instead of having to trace the plot to locate
values. See “Exploring the graph” on page 2-7 for more
information.

When you choose tH&Ez option in the Statistics aplet's Plot
view screen, it is now possibleEBEIE3 along the regression
curve. Once a data set and regression curve is displayed,
pressing the up and down arrows will move between the data
and the curve of regression. When the regression curve is
selected, the values displayed in the Plot view status line are
the PREDY values. On the HP 38G, the Trace function would
select known data points only.

To complement the Statistics aplet, a new Inference aplet has
been added. Use this aplet to perform hypothesis tests and
determine confidence intervals. See “About the Inference
aplet” on page 9-1 for more information.

The teaching aplets Trig Explorer and Quadratic Explorer
have been added to the calculator. These two aplets add
powerfully to the capabilities of the calculator in the
classroom.

Getting started
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Aplets and their views

Aplet views

This section examines the options and functionality of the
three main views for the Function, Polar, Parametric, and
Sequence aplets: Symbolic, Plot, and Numeric views.

About the Symbolic view

The Symbolic view is the defining view for the Function,
Parametric, Polar, and Sequence aplets. The other views are
derived from the symbolic expression.

Y ou can create up to 10 different definitions for each
Function, Parametric, Polar, and Sequence aplet. You can
graph any of the relations (in the same aplet) simultaneously
by selecting them.

Defining an expression (Symbolic view)

Choose the aplet from the Aplet Library.

Press (a]or (v] to select é nf EFE?EE_. - g
arametric .

an gplet. Polar BKE

Sequence .GE0EE ¥

The Function, I )

Parametric, Polar, and
Sequence aplets start in the Symbolic view.

If the highlight is on an existing expression, scroll to an
empty line—unless you don’t mind writing over the
expression—or, clear one linefL)) or all lines

(GHIFTCLEAR).

Expressions are selected (check marked) on entry. To
deselect an expression, prEZ&is. All selected
expressions are plotted.

Aplets and their views
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- FOI’_ a '_:UnCtion FEEEFUNCTION SYMEDLIC I.'IEMW
definition, enter an T
expression to define |“Fz¢
F(X). The only F2iia=
independent variable | E3t#2=

in the expression is Faiss= v
p [EDiT [ chil & | |sHOM]EVAL

X.

— For aParametric
deflnltlon enter a HEEEPARAMETRIC SYMEDLIC VIEW 3558

pair of expressions  [Ty1¢T =

to define X(T)and H2(Ta=
Y(T). The only raiTa=
independent variable (_m -
in the expressions is o
T.
— For aPolar

=

AR ZYMEOLIC VIEH

definition, enter an
expression to define
R(6). The only
independent variable | F2
in the expression is

— For aSequence
definition, either:
Enter the first and
second terms fdd
(U1, or..U9, or UO0).

? zczn= L
Define thenth term S P R I S

of the sequence in
terms ofN or of the
prior termsU(N-1) and U(N—2)The expressions
should produce real-valued sequences with integer
domains.Or define the nth term as a non-recursive
expression in terms of n only. In this case, the
calculator inserts the first two terms based on the
expression that you define.
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Evaluating expressions

In aplets In the Symbolic view, avariable is a symbol only, and does
not represent one specific value. To evaluate afunctionin
Symbolic view, press HIEE. |f afunction calls another
function, then resolves all references to other functions
in terms of their independent variable.

1. Choose the Function
EEEE FUNMCTION SYMEOLIC WIEW SEEEEE
aplet. -
Sdlect Functi on .
T I N ETTTTY
2. Enter the expressionsin
the Function aplet's Symbolic view.
A EEERFUNCTION SYMEOLIC VIEW S
B
F1OE(]
F2 (0=
O)E=
3. Highlight F3(X).
EEERFUNCTION SYMEOLIC VIEW S
(a) wELGR=A%x2
wE2iH1=R
Fooi= v
[ EniT | chi] i ] [SHOLIEVAL |
4. Pres&iE
SR FUNCTION SYMEOLIC VIEW S
wELH=AER2
Note how the values for £2:5%:7H
F1(X) and F2(X) are
substituted into F3(X). FSiita v
CEniT | cHi] ] [EHDLIEvaL |
In HOME You can also evaluate any expression in HOME by entering it

into the edit line and pressin@NTER].

For example, define F4 as below. In HOME, t¥dé 9) and
press (ENTER]. This evaluates the expression, substitu@iimy

place of X intoF4.

Aplets and their views
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SYMB view Thefollowing table detail sthe menu keysthat you usetowork

keys with the Symbolic view.
Key M eaning
ELHT] Copiesthe highlighted expression to the
edit line for editing. Press EIE when
done.
Checks/unchecksthe current expression

(or set of expressions). Only checked
expression(s) are evaluated in the Plot
and Numeric views.

E= Enters the independent variable in the
Function aplet. Or, you can use the

key on the keyboard.

Enters the independent variable in the
Parametric aplet. Or, you can use the

key on the keyboard.

E= Enters the independent variable in the
Polar aplet. Or, you can use the
key on the keyboard.

EE Enters the independent variable in the

Sequence aplet. Or, you can use the
key on the keyboard.

Displays the current expression in text
book form.
EUAL Resolves all references to other

definitionsin terms of variables and
evaluates al arithmetric expressions.

Displays amenu for entering variable
names or contents of variables.
MATH] Displays the menu for entering math
operations.
Displays special characters. To enter
CHARS one, place the cursor on it and press

ET=. Toremaninthe CHARS menu
and enter another special character,

press EE,
DEL Deletes the highlighted expression or

the current character in the edit line.

(SHIFT)CLEAR Deletes al expressionsin thelist or
clearsthe edit line.
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About the Plot view

After entering and sel ecting (check marking) theexpressionin
the Symbolic view, press . To adjust the appearance of
the graph or theinterval that is displayed, you can change the

Plot view settings.

Y ou can plot up to ten expressions at the sametime. Select the
expressions you want to be plotted together.

Setting up the plot (Plot view setup)
Press (SHIFT)SETUP-PLOT to define any of the settings shown

in the next two tables.

1. Highlight the field to edit.
— If there is a number to enter, type it in and press

ENTER) or EIS.

— Ifthere is an option to choose, prEREIE

, highlight

your choice, and pres@nTeRr) or E&. As a shortcut

to EiEEE, just highlight the field to change and press

to cycle through the options.

— Ifthere is an option to select or deselect, (EEZES
to check or uncheck it.

2. Presd=IHxd to view more settings.
3. When done, pregsLOT] to view the new plot.

Plot view The plot view settings are:
settings
Field M eaning
XRNG, YRNG Specifies the minimum and

RES

TRNG

BRNG

maximum horizontal (X) and vertical
(Y) values for the plotting window.

For function plots: Resolution;

“Faster” plots in alternate pixel
columns; “Detail” plots in every
pixel column.

Parametric aplet: Specifies the t-
values (T) for the graph.

Polar aplet: Specifies the ang® (
value range for the graph.

Aplets and their views
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Field Meaning (Continued)

NRNG Sequence aplet: Specifies the index
(N) values for the graph.

TSTEP For Parametric plots: the increment
for the independent variable.

OSTEP For Polar plots: theincrement value
for the independent variable.

SEQPLOT For Sequence aplet: St ai rstep
or Cobweb types.

XTI CK Horizontal spacing for tickmarks.

YTI CK Vertical spacing for tickmarks.

Those items with space for a checkmark are settings you can
turn on or off. Press EIER4 to display the second page.

Field

M eaning

SI MULT

I NV. CRGCSS

CONNECT

LABELS

AXES
GRID

If more than onerelation is being
plotted, plots them simultaneously
(otherwise sequentially).

Cursor crosshairsinvert the status of
the pixels they cover.

Connect the plotted points. (The
Sequence aplet always connects
them.)

Label the axeswith XRNGand YRNG
values.

Draw the axes.

Draw grid points using XTI CK and
YTI CK spacing.

Reset plot To reset the default values for all plot settings, press
settings (sHIFT]CLEAR In the Plot Setup view. Toreset the default value

for afield, highlight the field, and press (DEL).
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Exploring the graph

PLOT view
keys

Plot view gives you a selection of keys and menu keysto
explore a graph further. The options vary from aplet to aplet.

Thefollowing table detail s the keys that you use to work with
the graph.

Key M eaning

(SHIFT)CLEAR Erases the plot and axes.

VIEWS Offers additional pre-defined views for
splitting the screen and for scaling

(“zooming”) the axes.

(« Moves cursor to far |efor far right.

O

(a) Moves cursor between relations.

v

ETEdor Interrupts plotting.

Continues plotting if interrupted.

EET Turns menu-key labels on and off. When
the labels are off, pressifE=E:H turns
them back on.

» Pressindg=:H once displays the
full row of labels.

* PressindgE:dl a second time
removes the row of labels to display
only the graph.

» PressindggE: a third time displays
the coordinate mode.

200k Displays ZOOM menu list.

SEACE Turns trace mode on/off. A white box
appears over tHa on EEfIES.

Opens an input form for you to enterin
(orTorN or6) value. Enter the value and
presdd®. The cursor jumps to the point
on the graph that you entered.

ECH Function aplet only: Turns on menu list
for root-finding functionsgee “Analyse
graph with FCN functions” on page 3-3.

[[EEH] Displays the current, defining
expression. Pre&&=: to restore the
menu.
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Trace a graph

To move between
relations

To jump directly
to avalue

To turn trace on/
off

Zoom within a
graph

ZOOM options

Y ou cantracealong afunctionusing the («] or [»] key which
moves the cursor aong the graph. The display also showsthe
current coordinate position (x, y) of the cursor. Trace mode
and the coordinate display are automatically set whenaplotis
drawn.

Note: Tracing might not appear to exactly follow your plot if
the resolution (in Plot Setup view) is set to Faster. Thisis
because RES: FASTER plotsin only every other column,
whereas tracing always uses every column.

In Function and Sequence Aplets: Y ou can aso scroll
(move the cursor) left or right beyond the edge of the display
window in trace mode, giving you aview of more of the plot.

If there is more than one relation displayed, press (a] or (v])
to move between relations.

To jump straight to a value rather than using the Trace
function, use the EEEEE menu key. Press EEEET, then enter a
value. PressEiE to jump to the value.

If the menu labels are not displayed, press EE: first.

¢ Turn off trace mode by pressiBGGiEd.
e Turn on trace mode by pressEeEIEs.
¢ To turn the coordinate display off, prd&&:.

One of the menu key optionsEEIEEl. Zooming redraws the
plot on a larger or smaller scale. It is a shortcut for changing
the Plot Setup.

With the Set Factors option you can specify the factors that
determine the extent of zooming, and whether the zoom is
centered about the cursor.

PresEIIdEl, select an option, and prd&E. (If EEHE] is not
displayed, predB8I=zit.) Not allEEEE] options are available in
all aplets.

Option M eaning

Cent er Re-centers the plot around the current
position of the cursor without
changing the scale.

Box... Lets you draw a box to zoom in on. See
“Other views for scaling and splitting
the graph” on page 2-13.

2-8
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Option

Meaning (Continued)

X-Zoom I n

X- Zoom Qut

Y-Zoom I n

Y- Zoom Qut

Squar e
Set

Factors. ..

Aut o Scal e

Deci mal

Divides horizontal and vertical scales
by the X-factor and Y -factor. For
instance, if zoom factors are 4, then
zoominginresultsin 1/4 asmany units
depicted per pixel. (see Set Factors)

Multiplies horizontal and vertical
scales by the X-factor and Y -factor
(see Set Factors).

Divides horizontal scale only, using
X—factor.

Multiplies horizontal scale, using
X—factor.

Divides vertical scale only, using
Y—factor.

Multiplies vertical scale only, using
Y—factor.

Changes the vertical scale to match t|
horizontal scale. (Use this after doing
Box Zoom, X—Zoom, or Y—Zoom.)

Sets the X—Zoom and Y—Zoom facto
for zooming. Includes option to
recenter the plot before zooming.

Rescales the vertical axis so that the
display shows a representative piece
the plot, for the supplied axis

settings. (For Sequence and Statisti
aplets, autoscaling rescales both axe

The autoscale process uses the first

selected function only to determine the

best scale to use.

Rescales both axes so each pixel =
units. Resets default values XIRNG
(—6.5to 6.5) and YRNG (-3.1 to 3.2).

(Not in Sequence or Statistics aplets.

a

7]

CS
2S.)

D.1

—
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ZOOM examples

Option

Meaning (Continued)

I nt eger

Trig

Un- zoom

Rescales horizontal axis only, making
each pixel =1 unit. (Not availablein
Sequence or Statistics aplets.)

Rescales horizontal axis so

1 pixel = /24 radian, 7.58, or

8!/5 grads; rescales vertical axis so

1 pixel = 0.1 unit.

(Not in Sequence or Statistics aplets.)

Returns the display to the previous
zoom, or if there has been only one
zoom, un-zoom displays the graph
with the original plot settings.

Thefollowing screens show the effects of zooming optionson

aplot of 3sinx.

Plot of 3sinx

Zoom In:

[EET EOEl | n S

Un-zoom:

Un- zoom

(Press (a] to moveto the ;/\\ /}I/_\\ /}s

bottom of the Zoom list.)

Zoom Out:

E@E Qut E3

Now un-zoom.

JANRAY
WY

i) FIii: 0

[H: 0 FICH: 0 [HEHL|
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X-Zoom In:
EdE] X- Zoom I n

Now un-zoom.

X-Zoom Out:
X-Zoom CQut HE3

Now un-zoom.

Y-Zoom In:
EdEl Y- Zoom I n

Now un-zoom.

Y-Zoom Out:
Y- Zoom Qut HE

Zoom Square:
EIOE] Squar e EE

[ 200H [TRACE[GOTO | FCH JDEFN [MENU|

LA AR
MR

[ 200 [TRACE[GOTO | FCH IDEFN [MENL
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To box zoom The Box Zoom option letsyou draw abox around the areayou
want to zoom in on by selecting the endpoints of one diagonal
of the zoom rectangle.

1. If necessary, pressEISZM to turn on the menu-key labels.
2. PressEHIEIE] and select EEL.
3. Position the cursor on one corner of the rectangle. Press
i
4. Usethe cursor keys
([v], etc.) to drag to the
opposite corner.
ZELECT FECOND CORMER [ETTNENTHE
5. PressHE= to zoominon
the boxed area. l/—
To set zoom 1. Inthe Plot view, press EE.
factors 2. PressEIIEL
3. SelectSet Factors... and pressE&.
4. Enter the zoom factors. Thereis one zoom factor for the
horizontal scale (XZOOM and one for the vertical scale
(YZOOM.
Zooming out multiplies the scale by the factor, so that a
greater scale distance appears on the screen. Zooming in
divides the scale by the factor, so that a shorter scale
distance appears on the screen.
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Other views for scaling and splitting the graph

The preset viewing options menu ([VIEWS]) contains options
for drawing the plot using certain pre-defined configurations.
Thisisashortcut for changing Plot view settings. For
instance, if you have defined a trigonometric function, then
you could select Tr i g to plot your function on a
trigonometric scale. It also contains split-screen options.

VIEWS menu
options

In certain aplets, for example those that you download from
theworld wide web, the preset viewing options menu can also
contain options that relate to the aplet.

Press (VIEws], select an option, and press H=.

Option M eaning

Pl ot - Splits the screen into the plot and a

Det ai | close-up.

Pl ot - Tabl e | Splitsthe screen into the plot and the
datatable.

Overl ay Plotsthe current expression(s) without

Pl ot

Aut o Scal e

Deci mal

I nt eger

Trig

erasing any pre-existing plot(s).

Rescales the vertical axis so that the
display showsarepresentative piece of
the plot, for the supplied x axis
settings. (For Sequence and Statistics
aplets, autoscaling rescales both axes.)

The autoscal e process uses the first
selected function only to determine the
best scale to use.

Rescales both axes so each pixel =0.1
unit. Resets default values for XRNG
(—6.5 to 6.5) and YRNG (-3.1 to 3.2).

(Not in Sequence or Statistics aplets.

Rescales horizontal axis only, makin
each pixel=1 unit. (Not available in
Sequence or Statistics aplets.)

Rescales horizontal axis so

1 pixel=1v24 radian, 7.58, or

8'/5 grads; rescales vertical axis so
1 pixel =0.1 unit.

(Not in Sequence or Statistics aplets.

Aplets and their views
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Split the screen

The Plot-Detail view can give you two simultaneous views of
theplot.

1

Press (ViEws). Select Pl ot - Det ai | and pressEa. The
graph is plotted twice. You can now zoom in on theright
side.

Press T EFETE], select the zoom method and press E=
or . Thiszoomstheright side. Hereis an example
of split screen with Zoom | n.

— The Plot menu keys are available as for the full plot
(for tracing, coordinate display, equation display, and
S0 on).

- («]) moves the leftmost cursor to the screen’s
left edge andsHirT) (»]) moves the rightmost cursor
to the screen’s right edge.

— The mz=m menu key copies the right plot to the left
plot.

To un-split the screen, pregsoT). The left side takes
over the whole screen.

The Plot-Table view gives you two simultaneous views of the

plot.
1. PresqViEws]. SelectPl ot - Tabl e and presg=. The

screen displays the plot on the left side and a table of
numbers on the right side.

To move up and down
the table, use the (<] and
(»] cursor keys. These
keys move the trace point left or right along the plot, and
in the table, the corresponding values are highlighted.

To move between functions, use {faé and (v] cursor
keys to move the cursor from one graph to another.
To return to a full Numeric (or Plot) view, prgsem)
(or (pLoT)).
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Overlay plots

Decimal scaling

Integer scaling

Trigonometric
scaling

If you want to plot over an existing plot without erasing that
plot, then use (ViEws) Over | ay Pl ot instead of (PLOT)].
Note that tracing follows only the current functions from the
current aplet.

Decimal scalingisthedefault scaling. If you have changed the
scaling to Trig or Integer, you can change it back with
Decimal.

Integer scaling compressesthe axesso that each pixel is1 x 1
and the origin is near the screen center.

Use trigonometric scaling whenever you are plotting an
expression that includes trigonometric functions.
Trigonometric plots are more likely to intersect the axis at
points factored by Tt

About the numeric view

After entering and selecting
(check marking) the
EXPression or expressions
that you want to explorein
the Symbolic view, press

to view atable of data
values for the independent variable (X, T, 6, or N) and
dependent variables.
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Setting up the table (numeric view setup)

Press (SHIFTJNUM to define FEEEFUNCTION MUMERIC SETUP 35
EH

any of thetable settings. Use | MUMSTART:
MUMETER: 1

the Numeric Setup input MUMTYPE:  Automatic

form to configure the table. MUMzZOOM: &
EMTER STARTING YALUE FOFR THELE

[EniT | | [ [FLOTH

1. Highlight thefield to edit. Use the arrow keysto move
from field to field.

— If there is a number to enter, type it in and press
orE&. To modify an existing number, press
ELITH

— Ifthere is an option to choose, prEREEE, highlight

your choice, and press [ENTER] EE.

— Shortcut: Press th&EEi3 key to copy values from
the Plot Setup intdlUMSTART and NUMSTEPR
Effectively, theZEEE3 menu key allows you to make
the table match the pixel columns in the graph view.

2. When done, press [NUM] to view the table of numbers.

Numeric view The following table details the fields on the Numeric Setup
settings input form.

Field M eaning

NUMSTART The independent variable’s starting
value.

NUMSTEP The size of the increment from one
independent variable value to the
next.

NUMTYPE Type of numeric table: Automatic oy

Build Your Own. To build your own
table, you must type each
independent value into the table

yourself.

NUMZOOM Allows you to zoom in or out on a
selected value of the independent
variable.

Reset numeric To reset the default values for all table settings, press
settings (SHIFT)CLEAR.
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Exploring the table of numbers

NUM view Thefollowing table detail sthe menu keysthat you useto work
menu keys with the table of numbers.
Key M eaning
BTzl Displays ZOOM menu list.
(E1G) Toggles between two character sizes.
[DEFH] Displays the defining function
expression for the highlighted column.
To cancel thisdisplay, press 3.

Zoom within a  Zooming redraws the table of numbersin greater or lesser
table detail.

ZOOM options The following table lists the zoom options:
Option M eaning
In Decreases the intervalsfor the

independent variable so a narrower
range is shown. Uses the NUMZOOM
factor in Numeric Setup.

Qut Increases the intervalsfor the
independent variable so that awider
range is shown. Uses the NUMZOOM
factor in Numeric Setup.

Deci mal Changes intervals for the independent
variableto 0.1 units. Starts at zero.
(Shortcut to changing NUMSTART and
NUVSTEP.)

I nt eger Changes intervals for the independent
varigbleto 1 unit. Starts at zero.
(Shortcut to changing NUMSTEP.)

Trig Changes intervals for independent
variableto 1724 radian or 7.5 degrees
or 8Y/; grads. Starts at zero.

Un- zoom Returns the display to the previous
zoom.
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HINT

Automatic
recalculation

Thedisplay ontherightisaZoom In of the display on theleft.
The ZOOMfactor is 4.

| EIG_[DEFH] | | EIG_[DEFH] |

Tojumpto an independent variable valuein thetable, use the
arrow keysto place the cursor in the independent variable
column, then enter the value to jump to.

Y ou can enter any new valueinthe X column. When you press
, the values for the dependent variables are

recal culated, and the entire table is regenerated with the same
interval between X values.

Building your own table of numbers

Build a table

You enter
numbers into —p
the X column

The default NUMTYPE is “Automatic”, which fills the table
with data for regular intervals of the independe&fT( 6, or
N) variable. With theNUMT YPE option set to “Build Your
Own”, you fill the table yourself by typing in the independent-
variable values you want. The dependent values are then
calculated and displayed.

1. Start with an expression defined (in Symbolic view) in
the aplet of your choicéote: Function, Polar,
Parametric, and Sequence aplets only.

2. Inthe Numeric Setud{HIFTJNUM), chooseéNUMT YPE:
Build Your Oan.

3. Open the Numeric viewum]).
Clear existing data in the tablgHIFT)CLEAR).

. Enter the independent values in the left-hand column.
Type in a number and prefavTer). You do not have to
enter them in order, because function can

rearrange them. To insert a number between two others,

usellZE.

F1 and F2
entries are

[ generated
automatically
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Clear data Press (SHIFT)CLEAR, B to erase the data from atable.

“Build Your Own” menu keys

Key

M eaning

ELHT

DEL

EHFTCLEAR

Puts the highlighted independent
value (X, T, 6, or N) into the edit

line. Pressing replaces this
variable with its current value.

Inserts arow of zero values at the
position of the highlight. Replace a
zero by typing the number you want

and pressing (ENTER].

Sorts the independent variable
valuesinto ascending or descending
order. Press and select the
ascending or descending option
from the menu, and press 3.

Toggles between two character
sizes.

Displays the defining function
expression for the highlighted
column.

Deletes the highlighted row.

Clears all datafrom the table.
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Example: plotting a circle
Plot thecircle, x>+ y2 = 9. First rearrange it to read

y = t«/9—x2.

To plot both the positive and negative y values, you need to
define two equations as follows:

y = Jo-x andy = —A/9—x2

1

In the Function aplet, specify the functions.
Sdlect i FUNCTION SYMEOLIC VIEW S0E
i =THE wF1gsy=ra-Kes
Functi on MR el
(Shrmv ¥ <><:-
CIXTOJ )OI (ENTER] | Feéiih= )
@) v (9 LEDIT [~ cHis 3 | | HOk[ EvhL ]
CJ
0)
Reset the graph setup to the default settings.
(SHIFT)SETUP-PLOT
(SHIFT]CLEAR 5
HTICK: 1 ’ '|'TIIZK=. 1
REx: Dt ail
EMTEFR MIMIMUM HORIZOMTAL VALUE
[EpT] | PAGE¥ ]| |
Plot the two functions
and hidethe menu so that /7 \
you can see dl thecircle.
k_/
Reset the numeric setup to the default settings.

SHIFT | SETUP-NUM (B35 FUNCTION WUMERIC SETUP S|
HursTRET: (ST
SHIFTJCLEAR NvaTen 21
HUMTYPE:  Aut omat ic
MUMZOOM: &
ENTER STARTIMG VALUE FOR TAELE

Display the functionsin numeric form.

NUM F1 | F2 |

-998333
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Function aplet

About the Function aplet

The Function aplet enables you to explore up to 10
real-valued, rectangular functiopsn terms ofx. For
exampley = 2x+3 .

Once you have defined a function you can:

» create graphs to find roots, intercepts, slope, signed area,
and extrema

» create tables to evaluate functions at particular values.

This chapter demonstrates the basic tools of the Function aplet
by stepping you through an example. See “Aplet views” on
page 2-1 for further information about the functionality of the
Symbolic, Numeric, and Plot views.

Getting started with the Function aplet

Open the
Function aplet

The following example involves two functions: a linear
functiony 5 1-x and a quadratic equation
y = (x+3)"-2.

1. Open the Function aplet.

Select Funct i on S FUNCTION SYHMBOLIC VIEW S5
ETAET L

The Function aplet starts| Faixi=
. S FSoio= v
in the Symbolic view.

ENIT | CHE] & | [SHOW[EVAL

The Symbolic view is thdefining view for Function,
Parametric, Polar, and Sequence aplets. The other views
are derived from the symbolic expression.

Function aplet
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Define the
expressions

Set up the plot

2. Thereare 10 function definition fields on the Function

aplet’'s Symbolic view screen. They are labeled F1(X) to
FO(X). Highlight the function definition field you want to
use, and enter an expression. (You can (jrzss to

delete an existing line, ¢sHIFT]CLEAR to clear all lines.)

1)
U &xLe) 30
(-] 2 (ENTER

SEBEEFUNCTION SYMEOLIC VIEM SEEE
ELCOSL

You can change the scales of #@ndy axes, graph
resolution, and spacing of axis ticks.

3.

Display plot settings.
SETUP-PLOT

HCTIOM PLOT ZETU

-, 5.5
TENGE: -3, 1 S.2
BTICK: 1 WTICK: 1

REs:  Detail

EWTER MIMIMUM HORIZOMTAL YALUE

Note: For our example, you can leave the plot settings at
their default values since we will be using the Auto Scale
feature to choose an appropriate y axis for our x axis
settings. If your settings do not match this example, press
(SHIFT]CLEAR to restore the default val ues.

4. Specify a grid for the graph.

FAGE]

E] E] E] E zSIMuL:UNETmN FLDT_S;EIT.'I.J CROZ:E
¥ COMMECT _ LAEELZ
 HHES HsRin
DRAK GEIDY

Plot the 5. Plot the functions.

functions \ . N\ _____
@o.. .Fi.l:H:lH]: EE:]IH

3-2

Function aplet



Change the 6. You can change the scale to see more or less of your

scale graphs. In this example, choose Auto Scale. (See
“VIEWS menu options” on page 2-13 for a description of
Auto Scale).

(VIEws] Select Aut o
Scal e

EFlotDetail
#Fz|Plot-Table
: Flot

Trace a graph 7. Trace the linear function.
(«] 6times

Note: By default, thetracer =& Flem: 1.6 GET
isactive.

8. Jump from the linear function to the quadratic function.

()

Analyse graph 9. Display the Plot view menu.
with FCN EET
functions

From the Plot view menu, you can use the functions on
the FCN menu to find roots, intersections, slopes, and
areas for a function defined in the Function aplet (and
any Function-based aplets). The FCN functions act on
the currently selected graph. See “FCN functions” on
page 3-9 for further information.
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To find the
greater of the two
roots of the
quadratic
function

To find the
intersection of
the two functions

10.

11

12.

Find the greater of the two roots of the quadratic
function.

Note: Move the cursor to the graph of the quadratic

equation by pressing the (a] or (v] key. Then movethe
cursor so that itisnear x = —1 by pressing the (»] or

(<] key.

[E5:1 Select Root .
E & Intersection s
i {Elope S
- |Signed area. D
- |Extremum el
| —— —

Theroot valueis
displayed at the bottom
of the screen.

ROOT: -1.5B57BE43763

Find the intersection of the two functions.
EERT EEE (v)

[ | [iFNIL]

Choose the linear function whose intersection with the
quadratic function you wish to find.

oE

The coordinates of the
intersection point are
displayed at the bottom
of the screen.

Note: If thereis more I-SECT: (-L.2)

than oneintersection (as

in our example), the coordinates of the inter section point
closest to the current cursor position are displayed.

34
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To find the slope 13. Find the slope of the quadratic function at the intersection
of the quadratic point.
function FEMUJFCH]

Sdect Sl ope
O]

The slopevaueis Dol
displayed at the bottom FLOPEN [HEHU]
of the screen.

Tofindthesigned  14. Tofind the area between the two functionsin the range
area of the two —2< x< -1, first move the cursor 61(x) = 1-x and
functions select the signed area option.

EE EET

Sdlect Si gned ar ea

TRl START: -1

15. Move the cursor t® = —1 by pressing or («
key.

ﬁNI:l...

16. Pres&lE to accept using F&) = (x + 3)2 — 2 as the other
boundary for the integral.

17. Choose the end value for,

X.
(GOT]
()2
0] —i4
O O I T BT

The cursor jumps to
x=-2 on the linear
function.

[N EHDS: -2
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To find the
extremum of the
quadratic

HINT

Display the
numeric view

18. Display the numerical value of theintegral.

oE

Note: See “Shading
area” on page 3-10 for
another method of
calculating area.

ARER: -2.16EGEGEEREE MEML |

19. Move the cursor to the quadratic equation and find the

extremum of the quadratic.

(a) EEEHES
SelectExt r emrumEa

The coordinates of the
extremum are displayed
at the bottom of the
screen.

ERTRM: (-3.-2) MEML |

The Root and Extremum functions return one valueonly even
if the function has more than one root or extremum. The
function finds the value closest to the position of the cursor.
Y ou need to re-locate the cursor to find other roots or extrema

that may exist.

20. Display the numeric view.

NUM

Set up the 21. Display the numeric setup.
table SHIFT)SETUP-NUM
- S FUNCTION MUMERIC SETUP S
HUMZTART:
MUMETER: . 1
WUMTYPE:  Automatic
HUMZOOM: 4
EMTER :TARTIMG VALLE FOR THELE
L[ [ [FLoTy]
See “Setting up the table (numeric view setup)” on
page 2-16 for more information.
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Explore the
table

To navigate
around atable

To godirectlytoa
value

To access the
zoom options

22. Match the table settings to the pixel columnsin the graph
view.

FLOTROE

HEEFUNCTION MUMERIC SETUP S35
MUM3THRT:

MUMETER: . 1

NUMTYPE:  Automat ic
HUMZOOM: 4

EMTER STARTIMG VALUE FOF TRELE

23. Display atable of numeric values.

NUM

24. Move to X =-5.9.
(v] 6times

BESm|m

T -imm o
£ mumwn

=1

25. Move directly to X = 10.
1 0EE

26. Zoom in on X= 10 by a factor of ANote: NUMZOOMhas
a setting of 4.

HITH | n

Function aplet
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To change font
size

To display the
symbolic
definition of a
column

27. Display table numbersin large font.
CmE

() [EE

The symbolic definition of

Flisdisplayed at the bottom | e e ey e e
of the screen.

Function aplet interactive analysis

From the Plot view ((PLOT]), you can use the functions on the
FCN menu to find roots, intersections, slopes, and areasfor a
function defined in the Function aplet (and any Function-
based aplets). See “FCN functions” on page 3-9. The FCN
operations act on the currently selected graph.

The results of the FCN functions are saved in the following
variables:

* AREA
« EXTREMUM

e ISECT
* ROOT
« SLOPE

For example, if you use the ROOT function to find the root of
a plot, you can use the result in calculations in Home.

c¥Root ~2+3%TRoot
(5.02943725154, 3. 7778,

3-8
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Access FCN
variables

FCN functions

The FCN variables are contained in the VARS menu.
To access FCN variablesin HOME:

IHFLET]
Sect Pl ot FCN

)

(a]or(v] to choose a

To access FCN variable in the Function aplet's Symbolic

variable I3
view:

Select Pl ot FCN
)

(a)or(v] to choose a variable

K]

The FCN functions are:

Function

Description

Root

Ext r emum

Sl ope

SelectRoot to find the root of the
current functiomearest the cursor.
If no root is found, but only an
extremum, then the result is labele
EXTR: instead of ROOT: . (The

root-finder is also used in the Solve

aplet. See also “Interpreting results

on page 7-6.) The cursor is moved to
the root value on the x-axis and the

resultingx-value is saved in a
variable named ROOT.

SelectExt r emumto find the
maximum or minimum of the

current function nearest the cursor.
This displays the coordinate values

and moves the cursor to the
extremum. The resulting value is
saved in a variable named
EXTREMUM.

SelectSl ope to find the numeric
derivative at the current position o
the cursor. The result is saved in &

f
|

variable named SLOPE.

Function aplet
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Shading area

Function Description (Continued)

Si gned area Select Si gned ar ea tofind the

numeric integral. (If therearetwo or
more expressions checkmarked,
then you will be asked to choosethe
second expression from alist that
includesthex-axis.) Select astarting
point, then move the cursor to
selection ending point. The resultis
saved in avariable named AREA.

I ntersection Select | nt er sect i on tofindthe

intersection of two graphs nearest
thecursor. (You needto have at least
two selected expressionsin
Symbolic view.) Displays the
coordinate values and moves the
cursor to the intersection. (Uses
Solve function.) The resulting x-
value is saved in avariable named
ISECT.

Y ou can shade asel ected area between functions. Thisprocess
also gives you an approximate measurement of the area
shaded.

1

Open the Function aplet. The Function aplet opensin the
Symbolic view.

Select the expressions whose curves you want to study.
Press to plot the functions.

Press [«] or [»] to position the cursor at the starting
point of the area you want to shade.

Press EIEI.
PressIZ=], then select Si gned ar ea and pressIE.

Press &, choose the function that will act asthe
boundary of he shaded area, and pressE=.

Pressthe («] or (»] key to shadein the area.

PressETH to calculate the area. The areameasurement is
displayed near the bottom of the screen.

To remove the shading, press to re-draw the plot.

Function aplet




Plotting a piecewise defined function example
Suppose you wanted to graph the following piecewise defined

function.
Ox+2 :x<-1
f(x) = sz 1 «x<1
04-x x=21

1. Open the Function aplet.

SEEEEFUNCTION SVMEBOLIC WIEW S
Fii
_Select Fiwa=
Function Fa(ua=
Faiur=
Fagur= r
T I T

Highlight the line you want to use, and enter the
expression. (You can press to delete an existing
line, or (SHIFT)CLEARtO clear all lines.)

OEE20)E
(qH CHARS<
@ 10)
Ble) (2] (0 H
[SHIFT)cHARS > (1)1
(SHIFT) AND H

FHEEFUNCTION SYMEDLIC VIEW

YELCRISCR+ED - Ra-
YERCRI=HES(EE-1

Errr)cHaRs < 1)

04080 E O

[SrT)cHARs > 1)

Note: You can use the B
menu key to assist in the
entry of equations. It has
the same effect as

pressing (XT.0).

A,

A 4

Wl

FLik): UMDEFINED [T

Function aplet






Parametric aplet

About the Parametric aplet

The Parametric aplet allows you to explore parametric
equations. These are equations in which both x and y are
defined as functions of t. They take theforms x = f(t) and

y=9(t).

Getting started with the Parametric aplet
The following exampl e uses the parametric equations

x(t) = 3sint
y(t) = 3cost

Note: Thisexamplewill produce a circle. For thisexampleto
work, the angle measure must be set to degrees.

Open the 1. Open the Parametric aplet.
P .
arametric Sde.Ct PLET LIERARY SRR
aplet Parametric Funct ion BKE
=THET Inferential. .
Define the 2. Enter each equation.
expressions 3 X 5N %78) )
HEEEPARAMETRIC SYMEDLIC VIEW 3558
wH1CTI=E#SINCT)
3 0J e
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Set angle 3. Set the angle measure to degrees.
measure MODES
CHES
Select Degr ees 3
CHODZE AMGLE MERZURE
[ [ | JuibiL]
Set up the plot 4. Display the graphing options.
PLOT
PARAMETRIC PLOT SETUP
TSTEF;= .1
HEMG -5, 35 5.0
TENGE -3, 1 3.2
EMTEE HMIMIMUM TIME YALUE
|| PhcE ¥ |
You can see the Plot Setup input form has two fields not
included in the Function aplet, TRNGand TSTEP. TRNG
specifies the range of t values. TSTEP specifies the step
value between t values.
5. Set the TRNGand TSTEP so that t steps from 0° to 360°
in 5° steps.
(») 360
= ARAMETRIC PLOT SETUP:
5 THHG: @ 36
TETER: 5
HRMG: 6.5
vEHG: -3, 1 3.2
EMTER MIMIMUM HORIZOMTAL YALUE
LemT[ [ PagEw ]| |
Plot the 6. Plot the expression.
expression
T: 0 €030 l /)
7. Toseeadl thecircle, press EE:EE twice.
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Overlay plot

Display the
numbers

8.

9.

Plot atriangle graph over the existing circle graph.

PLOT
ARAMETRIC PLOT ZETUPE
(v) e 268
TETEP:
1203 b 6.5
YENG: -3, 1 3.2
EMTEE MIMIMUM HORIZOMTAL VALUE
ENT] [ PAGEW [ |
VIEWS

Select Over | ay Pl ot ﬁv
[EEET EE
A triangleis displayed i_: }’

rather than acircle

(without changing the

equation) because the changed value of TSTEP ensures
that points being plotted are 120° apart instead of nearly
continuous.

You are able to explore the graph using trace, zoom, split
screen, and scaling functionality availablein the

Function aplet. See “Exploring the graph” on page 2-7
for further information.

Display the table of numeric values.

NUM

You can see there is a
column of tvalues.

This column is active in
the sense that you can
highlight at-value, type in a replacement value, and see
the table jump to that value. You can also zoom in or
zoom out on anyvalue in the table.

You are able to explore the table usHigIz], EEH,

build your own table, and split screen functionality
available in the Function aplet. See “Exploring the table
of numbers” on page 2-18 for further information.

Parametric aplet
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Polar aplet

Getting started with the polar aplet

OpenthePolar 1

aplet

Define the 2.

expression

Specify plot 3

settings

Plot the 4.

expression

Open the Polar aplet.

Select Pol ar
EESETIVEZ]ATAET]

Like the Function aplet,
the Polar aplet opensin
the Symbolic view.

OLAR #YMEOLIC VIEH 3

Define the polar equation r = 21cos(6/ 2) cos(e)2 .

2 (ST (CoS)
EL)E 200
&r0)0)
() (ETeR)

OLAR SYMEDLIC WIEL 3
E = 6T ECOSCH 20,
R2(A )=
R4(f =
RS(A = L
| ECIT [ CHE] & | [SHOW] EVAL

Specify the plot settings. In this example, we will use the
default settings, except for the BRNGfields.

(SHIFT)SETUP-PLOT
POLAR PLOT ZETUP
[SHIFT)CLEAR
NEEEEER

(>) 4 [sHirT)mid Mhne: e 6.5

TENG: -3, 1 3.2

EMTER :TEP ZI2E

I _—

Plot the expression.

(PLoT)

T

LHL Fli): 5.203185 [EEIT

Polar aplet
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Explore the 5.

graph

Display the 6.

numbers

Display the Plot view menu key |abels.
[EEEM
The Plot view options /N{_\
availablearethe sameas

those found in the

Function aplet. See [TRaca|G0To0]  [DEFH |HEKU|

“Exploring the graph”
on page 2-7 for further information.

Display the table of valuesfér and R1.

NUM

The Numeric view .
options available are the |:
same as those found in |:
the Function aplet. See
“Exploring the table of

numbers” on page 2-18 for further information.

5-2
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Sequence aplet

About the Sequence aplet

The Sequence aplet allows you to explore sequences.

Y ou can define a sequence named, for example, U1:

e interms ofn

e interms of U14-1)

* interms of U14-2)

« in terms of another sequence, for example fJ2(

* in any combination of the above.

Getting started with the Sequence aplet

The following example defines and then plots an expression
in the Sequence aplet.

Open the 1. Open the Sequence aplet.
Sequence SdeCt RIS CEQUEMCE SYMEOLIC VIER S
aplet Sequence icio=
The Sequence aplet v
starts in the Symbolic | T m— T T

view.
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Define the

2. Definethe Fibonacci sequence, in which each term (after

expression the first two) is the sum of the preceding two terms:
u=1,U,=1,U,=U,_;+U,_, forn>3.
In the Symbolic view of the Sequence aplet, highlight the
U1(1) field and begin defining your sequence.
1 1
Eﬂm EE HHEE CEQUEMCE SYMEOLIC WIEW S
02013
Note: You can usethe U1 CH=13+1 CH=21
[, IE8, and & menu dHL R I TH
keystoassistintheentry
of equations.
I SEQUENCE SYMEDLIC WIEW 3EEEE
wlUigla=1
wligza=1
wULEHy =1 CH=12+U1 ¢
Lz¢zn= v
Specify plot 3. InPlot Setup, first set the SEQPLOT option to
settings St ai r st ep. Reset the default plot settings by clearing
the Plot Setup view.
— A Sairsteps graph plotsy on the horizontal axis and
U, on the vertical axis.
— A Cobweb graph plots .1 on the horizontal axis
andU/, on the vertical axis.
(SHIFT)SETUP-PLOT
(SHIFT]CLEAR
[B [E 8 HENG: =2 g
) 8 vinc: NI 19.c
ENWTEFR MINIFMUM YERTICAL YALUE
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Plot the
sequence

Display the
table

6.

Plot the Fibonacci
sequence.

(PLoT)

M1 LN 1 [FERU

In Plot Setup, set the SEQPLOT option to Cobweb.

(SHIFT)SETUP-PLOT
EIHE Select Cobweb

k]
(PLoT)

W1l ULiH: 1 [FENL|

Display the table of numeric values for this example.

NUM

Sequence aplet
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Solve aplet

About the Solve aplet

The Solve aplet solves an equation or an expression for its

unknown variable. Y ou define an equation or expression in
the symbolic view, then supply valuesfor al the variables

except one in the numeric view. Solve works only with real
numbers.

Note the differences between an equation and an expression:

* An equation contains an equals sign. Its solution is a
value for the unknown variable that makes both sides
have the same value.

* An expression does not contain an equals sign. Its
solution is aoot, that is, a value for the unknown
variable that makes the expression have a value of zero.

You can use the Solve aplet to solve an equation for any one
of its variables.

When the Solve aplet is started, it opens in the Solve symbolic
view.

* In Symbolic view, you specify the expression or equation
to solve. You can define up to ten equations (or
expressions), named EO to E9. Each equation can contain
up to 27 real variables, named A to Z &nd

* In Numeric view, you specify the values of the known
variables, highlight the variable that you want to solve
for, and presEZEIS.

You can solve the equation as many times as you want, using
new values for the knowns and highlighting a different
unknown.

Note: It isnot possible to solve for more than onevariable at
once. Smultaneous linear equations, for example, should be
solved using matrices or graphsin the Function aplet.

Solve aplet
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Getting started with the Solve aplet

Open the
Solve aplet

Define the
equation

Define known

Suppose you want to find the accel eration needed to increase
the speed of acar from 16.67 m/sec (60 kph) to 27.78 m/sec
(100 kph) in adistance of 100 m.

The equation to solveis:
V2 = u%+2ad
1. Open the Solve aplet.

Select Sol ve
ZTHET]

The Solve aplet startsin
the Symbolic view.

MYFLNG \EZKE ¥
JREZET! 505 T |SENID | RECY]

2. Definethe equation.

V Z0LVE ZYMEOLIC VIEW
=] UG CE1:Wasll2aZaRaD

| E2: ]
2(x] :
AR ; .
D [ EniT L cHi] = | ]sHou] EviL |

Note: You can use the El menu key to assist in the entry of
equations.

3. Display the Solve numeric view screen.

variables NUM % SOLVE MUMERIC VIEM
[TEN ]
@
D: @
EWTEFR YALUE OF PRE:Z =OLYE
4, Enter the values for the known variables.
2 7 E] 7 8 % *OLYE MWUMERIC WIEW
16()67 v
=] : é B.G67
v 166
1 0 0 EWTEFR VWALUE OF PRE:Z ZOLYE
HINT  If the Decima Mark setting in the Modes input form
((sHIFT]MODES)is set to Comma, use (] instead of [1].
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Solve the 5. Solvefor the unknown variable (A).

unknown (v] (v) HIEH NLVE WUMERIC VIE
variable

Therefore, the accel eration needed to increase the speed
of acar from 16.67 m/sec (60 kph) to 27.78 m/sec
(100 kph) in adistance of 100 m is approximately 2.47

m/s2.

Because the variable A in the equation is linear, once
values are substituted into V, U and D, we know that we
need not look for any other solutions.

Plot the The Plot view shows one graph for each member of the
equation selected equation. You can choose any of the variablesin
the Numeric view to be the independent variable.

The other variablestake on the values assigned to themin
thg Numenc view. The current equation is

= U%+ 2AD . With the variable A highlighted, the
Plot view will show two graphs.

One of theseis Y = V2 with V = 27.78, or

Y = 771.7284 . This graph will be ahorizonta line. The
other graph will be Y = U+ 2AD,with U = 16.67
and D = 100, or Y = 200A + 277.8889. Thisgraphis
also aline. The desired solution is the value of A where
these two lines intersect.

6. Plot the equation for variable A.

Select Aut o
Scal e
s -

R: 0 E1:771.7264 EEI
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7. Tracealong the graph representing the left member of the
equation until the cursor nears the intersection.

(»] =20times

Note the value of A -

displayed near the

bottom left corner of the | #: 2.5 E1:771.7a8Y EEC

screen.

The Plot view provides a convenient way to find an
approximation to a solution before using the Numeric
view Solve option. See “Plotting to find guesses” on
page 7-8 for more information.

Solve aplet’'s NUM view keys

The Solve aplet's NUM view keys are:

Key

M eaning

EDHT)

FAGE]

EOLIE]

CLEAR

=3

Copies the highlighted value to the edi
line for editing. Pres&# when done.

Displays a message about the solutio
(see “Interpreting results” on page 7-6

~ 0

Displays other pages of variables, if
any.

Displays the symbolic definition of the
current expression. Preli& when
done.

Finds a solution for the highlighted
variable, based on the values of the
other variables.

Clears highlighted variable to zeoo
deletes current character in edit line, if
edit line is active.

Resets all variable values to zero
clears the edit line, if cursor is in edit
line.

7-4
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Use an initial guess

Number
format

HINT

Y ou can usually obtain afaster and more accurate solution if
you supply an estimated value for the unknown variable
before pressing EIEIE. Solve starts looking for a solution at
theinitial guess.

Before plotting, make sure the unknown variable is

highlighted in the numeric view. Plot the equation to help you
select an initial guess when you don’t know the range in which
to look for the solution. See “Plotting to find guesses” on
page 7-8 for further information.

An initial guess is especially important in the case of a curve
that could have more than one solution. In this case, only the
solution closest to the initial guess is returned.

You can change the number format for the Solve aplet in the
Numeric Setup view. The options are the same as in Home
MODES: Standard, Fixed, Scientific, and Engineering. For
the latter three, you also specify how many digits of accuracy
you want. See “Mode settings” on page 1-9 for more
information.

You might find it handy to set a different number format for
the Solve aplet if, for example, you define equations to solve
for the value of money. A number formatfifxed 2 would

be appropriate in this case.

Solve aplet
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Interpreting results

After Solve hasreturned asolution, pressiEIZd in the Numeric
view for moreinformation. Y ou will see one of the following
three messages. Press E# to clear the message.

M essage

Condition

Zero

Extremum

Sign Reversal

The Solve aplet found a point where
thevalue of the equation (or theroot of
the expression) is zero within the
calculator’'s 12-digit accuracy.

Solve found two points where the
value of the equation has opposite
signs, but it cannot find a point in
between where the value is zero. This
might be becausather the two points
are neighbours (they differ by one in
the twelfth digit),or the equation is not
real-valued between the two points.
Solve returns the point where the value
is closer to zero. If the value of the
equation is a continuous real function,
this point is Solve’s best
approximation of an actual root.

Solve found a point where the value|of
the equation approximates a local
minimum (for positive values) or
maximum (for negative values). This
point may or may not be a ro@r:
Solve stopped searching at
9.99999999999E499, the largest
number the calculator can represent,

7-6
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If Solve could not find a solution, you will see one of the
following two messages.

M essage Condition
Bad Guess(es) The initial guess lies outside the

domain of the equation. Therefore,
the solution was not a real number or
it caused an error.

Constant? The value of the equation is the same
at every point sampled.

HINT  Itisimportant to check theinformation relating to the solve
process. For example, the solution that the Solve aplet findsis
not a solution, but the closest that the function gets to zero.
Only by checking the information will you know that thisis
the case.

The Root- Y ou can watch the process of the root-finder calculating and

Finder at work searching for aroot. Immediately after pressing EEIEDS to start
the root-finder, press any key except (ON]. You will seetwo
intermediate guesses and, to theleft, the sign of the expression
evaluated at each guess. For example:

+ 2 2.219330555745
—-121.31111111149

You can watch as the root-finder either finds a sign reversal or
converges on a local extrema or does not converge at all. If
there is no convergence in process, you might want to cancel
the operation (pre$sn]) and start over with a different initial
guess.
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Plotting to find guesses

The main reason for plotting in the Solve aplet isto help you
findinitial guesses and solutionsfor those equationsthat have
difficult-to-find or multiple solutions.

Consider the 2equation of motion for an accelerating body:
_ at

X = Vot + 7

where x is distance, vy isinitial velocity, tistime, and ais

acceleration. Thisis actually two equations, y = x and

y= Vot + (@) /2.

Since this equation is quadratic for t, there can be both a
positive and a negative solution. However, we are concerned
only with positive solutions, since only positive distance
makes sense.

1. Select the Solve aplet and enter the equation.
Select Sol ve EEETEE

X EI ZOLVE =YMEDLIC VIE
(ALPHA)V (X)(ALPHA)T  |2ELEnsVETEAETE 2
() (A :
T @ E2 | E .

[EDIT [ cHE] = [ |ZHOW]EVAL |

2. Find the solution for T (time) when X=30, V=2, and
A=4. Enter thevaluesfor X, V, and A; then highlight the
independent variable, T.

% Z0LVE MWUMERIC VIEM
30 2
2

¥4
(¥)(¥) to highlight T

NTER WALUE OF PREZS SOLYE
||
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3. UsethePlot view to find an initial guess for T. First set
appropriate X and Y rangesin the Pl ot Setup. Since we
have an equation,X = Vx T+ Ax T /2, the plot will
produce two graphsé onefor Y = X and onefor
Y=VxT+AxT/2.Sncewehaveset X = 30 in
this example, one of the graphswill be Y = 30.
Therefore, make the YRNG -5 to 35. Keep th¥RNG
default of —6.5 to 6.5.

(SHIFT)SETUP-PLOT OLVE PLOT SETUR
@5 e 5> 5°
35 HTICK: VTICK: 1

kEf: Dt ail
EMTEFR HORIZOMTAL TICK SPACING

4. Plot the graph.
(PLoT]

5. Move the cursor near the positive (right-side)
intersection. This cursor value will be an initial guess for
T.

(»] to move cursor to T 7
the intersection.

The two points of
intersection show that
there are two solutions
for this equation. However, only positive valuesxor
make sense, so we want to find the solution for the
intersection on the right side of theyis.

Taa E1:30 [HERL]

6. Return to the Numeric view.

NUM SOLVE MUMERIC VIEW

0 gl
i

i
T:
-

Note: the T-valueisfilled

inwith the position of the | TN I8 R
cursor fromthe Plot
view.

7. Ensure that th€ value is highlighted, and solve the
equation.

S0LLE] SOLVE NUMERIC VIEK

y:
T: EPEIsh
it

ENTER YALUE OF PRESZ ZOLVE
[ENTIMFOD] | |
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8. Usethis equation to solve for another variable, such as
velocity. How fast must a body’s initial velocity be in
order for it to travel 50 m within 3 seconds? Assume the
same acceleration, 4 A/t eavethelast value of V asan
initial guess.

3 E] @ E] LYE MWUMERIC VIE|
50 o
EET T

A

ENTER WALUE OF PRES: SOLME
[EMT [INFO| | [DEFHM [ZOLVE]

Using variables in equations

Home
variables

HINT

Aplet variables

You can use any of the real variable names, A to ZBabd
not use variable names defined for other types, such as M1 (a
matrix variable).

All home variables (other than those for aplet settings, like
Xm n andYt i ck) are global which means they asbared
throughout the different aplets of the calculaforalue that

is assigned to a home variable anywhere remains with that
variable wherever its name is used.

Therefore, if you have defined a value Tofas in the above
example) in another aplet or even another Solve equation, that
value shows up in the Numeric view for this Solve equation.
When you then redefine the value Tan this Solve equation,

that value is applied t© in all other contexts (until it is
changed again).

This sharing allows you to work on the same problem in
different places (such as HOME and the Solve aplet) without
having to update the value everywhere whenever it is
recalculated.

As the Solve aplet uses any existing variable values, be sure
to check for existing variable values that may affect the solve
process. (You can use (SHIELEAR to reset all values to zero

in the Solve aplet's Numeric view if you wish.)

Functions defined in other aplets can also be referenced in the
Solve aplet. For example, if, in the Function aplet, you define
F1(X) =X?+10, you can enteff1( X) =50 in the Solve aplet

to solve the equatiox?+10=50.

Solve aplet



Statistics aplet

About the Statistics aplet

The Statistics aplet can store up to ten separate data sets at one
time. It can do one-variable or two-variable statistical analysis

of one or more sets of data.

The Statisticsapl et startswith the Numeric view whichisused

to enter data. The Symbolic view is used to specify which

columns contain data.and which column contains frequencies.

Y ou can al'so compute statistics valuesin HOME and recall
the values of specific statistics variables.

The values computed in the Statistics aplet are saved in

variables, and many of these variables arelisted by the EEEEE
function accessible from the Statistics aplet's Numeric view

screen.

Getting started with the Statistics aplet

The following example asks you to enter and analyze the
advertising and sales data (in the table below), compute
statistics, fit a curve to the data, and predict the effect of more

advertising on sales.

Advertising minutes
(independent, x)

Resulting
Sales (%) (dependent, y)

2

1

3

1400

20
1100
2265
2890
2200

Statistics aplet
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Open the 1. Openthe Statistics aplet and clear existing data by

Statistics aplet pressing L.
Slect Statistics
EZTAET
The Statistics aplet [ EDIT [ IMZ [ S0RT] Ela [10Akel=TAT)
startsin the Numerical
View. 1VAR/2VAR

menu key label

At any time the

Statistics aplet is configured for only one of two types of
statistical explorations: one-variable (EEEED) or two-
variable (EIEIL). The 5th menu key label in the Numeric
view toggles between these two options and shows the
current option.

2. Select HIETO.
You need to select EEEIET because in this example we are
analyzing adataset comprising two variables: advertising
minutes and resulting sales.

Enter data 3. Enter the datainto the columns.

2 (ENTER) 1 (ENTER)
3 (EnTeR)5 (EnieR)
5 (EnTER)4 (ENTER)

Ci

n
1|2
2(L
313
4ig
5|5
a4

() tomovetothenext | poaNTEMETENTENATDSHE

column

1400 920
1100 (ENTER] 2265 [ENTER]

2890 (ENTER] 2200 (ENTER]
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Choose fit and
data columns

Explore
statistics

Setup plot

4.

Select afit in the Symbolic setup view.

SETUP-SYMB FEESTATISTICS SYMEOLIC SETUP S5
HHGLE MERSURE: Radians

[z] EH':'S s1FIT: [Tl s2FIT: L inear

Select Li near saRI:Linear  S9RITLinear

k| SSRIT:Limear

CHODZE STRTISTICE MODEL TYPE
I (7T I I

You can define up to five explorations of two-variable
data, named S1 to S5. In this example, we will create
just one: S1.

Specify the columns that hold the data you want to
analyze.

HEE STATISTICS SYMEDLIC WIEW
wS1s cz

#Fitl:mxx+b
S2:
Fitz2:m#x+b

EMTEF INDEPEMDENT
[ CHEL ] [SHOW] EVAL

You could have entered
your datainto columns
other than C1 and C2.

Find the mean advertising time (MEANX) and the mean
sales (MEANY).
MEANKX is about 3.3

minutes and MEANY is

about $1796. EEEEEEEEEEEE]
1 T 1 [ ok |

Scroll down to display the value for the correlation
coefficient (CORR) . The CORR value indicates how well
the linear model fits the data.

(v] 9times
Thevalueis 0.8995 to
four significant digits.
0=

Change the plotting range to ensure all the datapointsare
plotted (and select a different point mark, if you wish).

(SHIFT]SETUP-PLOT BEWEE STATISTICS PLOT SETU
of e e

(-)) 100 SLMARE: I SEMARK: 4+ SIHARK: 4
4000 SHMARK: 12 SEMARK: 2

CHODZE MARK FOR SCATTER PLOT
choo:l  PRGE ¥ [ |

Statistics aplet
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Plot the graph

Draw the
regression
curve

Display the
equation for
best linear fit

9.

10.

11.

12.

Plot the graph.

10 132, 1400

Draw the regression curve (a curve to fit the data points).
=5

This drawsthe
regression line for the 0 i O
best linear fit.

Return to the Symbolic view.

SEE STATISTICS SYMEOLIC WIEW 355

w511 [ Cz

v Eét 13425, BFS¥K+37E..,
Fit2: mes+h v

ENTEF INDEPEHDENT
ENIT [ CHE] | [SHOW[EVAL]

Display the equation for the best linear fit.

(v] tomovetotheFl T1
field
ZHi 425, ETSH+ITE. 25

Thefull FI T1

expressionisshown. The 1 1 [ |
dlope (m) is425.875.

The y-intercept (b) is about 376.25.

8-4
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Predict values

13. To find the predicted sales figure if advertising were to
go up to 6 minutes:

ok
S (to highlight
St at - Two)

(»](v] (to highlight 2931.5

PREDY)

[ 6
14. Return to the Plot view.
(PLoT)

[TEACH|GOTO ] FIT =] DEFM |

15. Jump to the indicated point on the regression line.

(v)
6
%)
Observe the predicted y-
value in the | eft bottom
corner of the screen.
%:6 PREDY:2931.5 EE

Entering and editing statistical data

HINT

The Numeric view ((NUM]) is used to enter datainto the
Statistics aplet. Each column represents a variable named CO
to C9. After entering the data, you must define the data set in

the Symbolic view ((SYms]).

A data column must have at least four data points to provide
valid two-variable statistics, or two data points for one-
variable statistics.

Y ou can also store statistical datavalueshby copying listsfrom
HOME into Statistics data columns. For example, in HOME,
L1 C1 storesacopy of thelist L1 into the data-column
variable C1.

Statistics aplet
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Statistics aplet’'s NUM view keys
The Statistics aplet's Numeric view keys are:

Key Meaning

EDLL Copies the highlighted item into the
edit line.

EH Inserts a zero value above the
highlighted cell.

Sorts the specifiethdependent data
column in ascending or descending
order, and rearranges a specified
dependent (or frequency) data colun
accordingly.

E1G) Switches between larger and smalle
font sizes.

LUARS A toggle switch to select one-variable

2LIAFE or two-variable statistics. This setting
affects the statistical calculations ang
plots. The label indicates which setting
is current.

Computes descriptive statistics for
each data set specified in Symbolic
view.

DEL Deletes the currently highlighted
value.

(SHIFT]CLEAR Clears the current column all
columns of data. Press [SHIELEARtO
display a menu list, then select the
current column or all columns option,
and pres§&is.

cursor | Moves to the first or last row, or first of

key last column.

=]
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Example Y ou are measuring the height of studentsin a classroom to
find the mean height. The first five students have the
following measurements 160cm, 165cm, 170cm, 175¢cm,
180cm.

1. Open the Statistics aplet.

Select HRLET LIERAR Y S5 EEETA:
Statistics batistics A-kE
T Funct ion AkE
E Inferential S. .S4KE
Farametric BkE
Faolar BEE

2. Enter the measurement data.

160
165
170
175
180

3. Findthe mean of the
sample.

Ensure the EXiEIE / EIETE
menu key label reads
EEET. Press to
seethe statistics
calculated from the sample datain C1. Pressthe (v] key
to scroll to further statistics.

Note that thetitlefor the T HI
column of statisticsis FRLEN [ Busend
H1. There are 5 data set Eu:snmu i
definitions available for TM
one-variable statistics: I IS N N T
H1-H5. If data is entered

in C1, H1 is automatically set to use C1 for data, and the
frequency of each data point is set to 1. You can select
other columns of data from the Statistics Symbolic setup
view.

Statistics aplet 8-7



4. PressH to closethe I STATISTICE EYMEDLIC VIEW S5
1

statistics window and «Hég 1 1

press key to see Ha: i

the data set definitions. H4 1 v
EMTEFR ZAMPLE

The first column | ECIT [ cHkl € [ [sHOW]EvaL |

indicates the associated

column of datafor each data set definition, and the
second column indicates the constant frequency, or the
column that holds the frequencies.

The keys you can use from thiswindow are:

Key Meaning

ECT) Copies the column variable (or
variable expression) to the edit linefor
editing. Press & when done.

Checks/unchecks the current data set.
Only the checkmarked data set(s) are
computed and plotted.

BorH Typing aid for the column variables

(B) or for the Fit expressions (H).

Displays the current variable
expression in standard mathematical
form. Press E# when done.

ELAL Evaluates the variablesin the
highlighted column (C1, etc.)
expression.

Displays the menu for entering
variable names or contents of
variables.

MATH] Displays the menu for entering math
operations.
DEL Deletesthe highlighted variable or the

current character in the edit line.

Statistics aplet



Key Meaning (Continued)

CLEAR Resets default specifications for the
datasetsor clearstheeditline(if itwas
active).

Note: If CLEARIs used the data
setswill need to be selected again
before re-use.

To continue our example, suppose that the heights of the rest
of the students in the class are measured, but each oneis
rounded to the nearest of the five valuesfirst recorded. Instead
of entering all the new datain C1, we shall simply add another
column, C2, that holds the frequencies of our five data points
inCL.

Height (cm) Frequency
160 5
165 3
170 8
175 2
180 1

5. Movethe highlight bar
into the right column of

the H1 definition and !

replace the frequency 1 b
value of 1 with the name | g s S meETET

Cc2.
2
6. Return to the numeric view.

NUM
7. Enter the frequency data shown in the above table.

() 5
TGN
8t
2N e

1 Uik TS5T [ Eis T vakaleTaTs)

1 C2 | .2 | C4

uncwne|3

Statistics aplet
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8. Display the computed
statistics.
You can scroll down to
the mean. The mean [ [ | ||
height is approximately
167.63cm.
9. Setup ahistogram plot for the data.
3 (SHIFT)SETUP-PLOT SEMIEHE STATISTICS PLOT SETUF
STATPLOT: Hi=st HHIDTH: 5
Enter set up information | ¥HE: }g’a %35
appropriateto your data.  |wewe: 15@ 125
EMTER MARIMUM HIZTOSRAM VALUE
[EviT] | FasE¥] | |

10. Plot ahistogram of the data.

Ml

H1: [160..165) F:5 [HERL |

Angle Setting Y ou can ignore the angle measurement mode unless your Fit
definition (in Symbolic view) involves a trigonometric
function. In this case, you should specify in the mode screen
whether the trigonometric units are to be interpreted in
degrees, radians, or grads.

Save data The data that you enter is automatically saved. When you are
finished entering data values, you can press akey for another
Statistics view (like [SYmB]), or you can switch to another
aplet or HOME.

Edit a data set  Inthe Numeric view of the Statistics aplet, highlight the data
valueto change. Type anew value and press , Or press
to copy the value to the edit line for modification. Press
after modifying the value on the edit line.

Delete data + To delete a single data item, highlight it and piess).
The values below the deleted cell will scroll up one row.

e To delete a column of data, highlight an entry in that
column and presgHIFT]CLEAR Select the column name.

* To delete all columns of data, press [SHILEAR Select
Al colums.
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Insert data Highlight the entry following the point of insertion. PressiEE,
then enter anumber. It will write over the zero that was

inserted.
Sort data 1. In Numeric view, highlight the column you want to sort,
values and press EIIEL.

2. Select the SORT ORDER option. You can choose either
Ascendi ng or Descendi ng.

3. Specify the | NDEPENDENT and DEPENDENT data
columns. Sorting is by the independent column. For
instance, if Ageis C1 and Incomeis C2 and you want to
sort by Income, then you make C2 the independent
column for the sorting and C1 the dependent column.

— To sort just one column, choosene for the
dependent column.

— For one-variable statistics with two data columns,
specify the frequency column as the dependent
column.

4, Pres&l&.

Defining a regression model (2VAR)

The Symbolic view includes an expression (Fitl through Fit5)
that defines the regression model, or “fit”, to use for the
regression analysis of each two-variable data set.

There are three ways to select a regression model:
» Accept the default option to fit the data to a straight line.

» Select one of the available fit options in Symbolic Setup
view.

» Enter your own mathematical expression in Symbolic
view. This expression will be plottelut it will not be
fitted to the data points.

To choose the
fit 2. PresgsHIFT)SETUP-SYMB to display the Symbolic Setup

view. Highlight the Fit numbelSLFI T to S5FI T) you
want to define.

3. Pres$&EIEE and select from the following list. Prd8&
when done. The regression formula for the fit is
displayed in Symbolic view.

=

In Numeric view, make suBEEIE] is set.
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Fit models Eight fit models are available:

Fit model Meaning

Li near (Default.) Fits the datato a straight
line, y = mx+b. Uses aleast-squares
fit.

Logarithm c | Fitstoalogarithmic curve,
y=mlnx+ b.

Exponenti al Fitsto an exponential curve, y = be™.
Power Fitsto a power curve, y = bx™.

Quadratic Fitsto aquadratic curve,
y = ax?+bx+c. Needs at least three
points.

Cubi c Fitsto acubic curve,
y = ax+bx2+cx+d. Needs at least
four points.

Logi stic Fitsto alogistic curve,

y=—L
1+ ae(_bx)

where L is the saturation value for

growth. Y ou can store a positive real

value in L, or—if L=0—Ilet L be

computed automatically.

User Defined | Define your own expression (in
Symbolic view.)

To define your
own fit

=

In Numeric view, make sure EEETET i s set.

N

Display the Symbolic view.

Highlight the Fit expression (Fi t 1, etc.) for the desired
data set.

4. Typein an expression and press (ENTER].

The independent variable must be X, and the expression
must not contain any unknown variables.
Example: 1.5 x cosx + 0.3 x sinx.

This automatically changes the Fit type (S1FI T, etc.) in the
Symbolic Setup view to User Def i ned.
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Computed statistics

One-variable

Satistic Definition

N= Number of data points.

TOT= Sum of data values (with their
frequencies).

MEANS Mean value of data set.

PVAR: Population variance of data set.

SVAR> Sample variance of data set.

PSDEV Population standard deviation of daja
set.

SSDEV Sample standard deviation of data get.

M Nz Minimum data value in data set.

Q First quartile: median of ordinals to

left of median.
MEDI AN Median value of data set.

(e¢} Third quartile: median of ordinals to
right of median.

MAXZ Maximum data value in data set.

When the data set contains an odd number of values, the data
set’'s median value is not used when calculafibgnd @ in
the table above. For example, for the following data set:

{3.5,7,8,15,16, 17}

only the first three items, 3, 5, and 7 are used to calculate Q1,
and only the last three terms, 15, 16, and 17 are used to
calculate Q3.
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Two-variable

Satistic Definition

VEANX Mean of x- (independent) values.

X Sum of x-values.

X2 Sum of x?-values.

MEANY Mean of y- (dependent) values.

Y Sum of y-values.

sY2 Sum of y?-values.

XY Sum of each xy.

SCcov Sample covariance of independent
and dependent data columns.

PCoOVv Population covariance of independent
and dependent data columns

CORR Correlation coefficient of the
independent and dependent data
columnsfor alinear fit only
(regardlessof the Fit chosen). Returns
avaluefrom0to 1, where 1isthe best
fit.

RELERR Therelativeerror (for the selected fit).

Provides a measure of accuracy for
the fit.
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Plotting

To plot statistical

data

HINT

You can plot:

* histogramsHEIL)
» box-and-whisker plot<fEia)

» scatter plots of dat&fEID).

Once you have entered your dgtaum]), defined your data

set (syms]), and defined your Fit model for two-variable
statistics [SHIFT)SETUP-SYMB), you can plot your data. You

can select up to five scatter or box-and-whisker plots at a time.
You can plot only one histogram at a time.

1. In Symbolic view [syms)), select EZ&iH) the data sets
you want to plot.

2. For one-variable datEEED), select the plot type in Plot
Setup (SHIFT]SETUP-PLOT). Highlight STATPLOT, press
E@HE, select eitheH st ogr amor Box\Whi sker, and
presdds.

3. For any plot, but especially for a histogram, adjust the
plotting scale and range in the Plot Setup view. If you
find histogram bars too fat or too thin, you can adjust
them with theHW DTH setting.

4. PresgpLOT]. If you have not adjusted the Plot Setup
yourself, you can tryviews] select Aut o Scal e H=S.

Auto Scale can be relied upon to give a good starting scale
which can then be adjusted in the Plot Setup view.
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Plot types

Histogram

Box and
Whisker Plot

Scatter Plot

One-variable statistics. The
numbers bel ow the plot mean
that the current bar (where the
cursor is) startsat 0 and ends at
2 (not including 2), and the
frequency for this column,

H1: [0..22 F:1 [HEML |

(that is, the number of dataelementsthat fall between 0 and 2)
is1. You can see information about the next bar by pressing

the (»] key.

One-variable statistics. The
left whisker marks the
minimum data value. The box
marks the first quartile, the
median, and the third quartile.
The right whisker marks the
maximum data value.

Two-variable statistics. The
numbers bel ow the plot
indicatethat the cursor isat the
first datapoint for S2, at (1, 6).
Press »] to move to the next
data point and display
information about it.

To connect the data points as
they are plotted, checkmark
CONNECT in the second page
of the Plot Setup. Thisisnot a
regression curve.

T 1

HIH
HL.MED: 13 EET
-

- -
.

2l 111 6 [HEHLU |
8l 11:1- 6 [HMEML |
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Fitting a curve to 2VAR data

Correlation
coefficient

Relative Error

HINT

In the Plot view, pressEEd. This draws a curvetofit the
checked two-variable data set(s). See “To choose the fit” on
page 8-11.

(PLOT)
FEHL -
FIT "

.

220 11:1. & [HEML |
§m§STHTISTIES EYMEDLIC I.'IEI-«IW

51:C1 Cz

EHWTEFK UZER DEFIMED FIT

[ EOT [ CHE] 5 | [SHOK] EVAL |
=Huk
The expression in Fi t 2 || 33582191781 #+2. 2657
shows that the
slope=1.98082191781 an

| 1 [ [ 1 [0k ]

they-intercept=2.2657.

The correlation coefficient is stored in #B@RR variable. It is
a measure of fit to Bnear curve only. Regardless of the Fit
model you have chose8CRR relates to the linear model.

Therelativeerror is stored in a variable namB&LERR. The
relative error provides a measure of fit accuracy for all fits,
and it doesdepend on the Fit model you have chosen.

The relative error is a measure of the error between predicted
values and actual values based on the specified Fit. A smaller
number means a better fit.

In order to access these variables after you plot a set of
statistics, you must pre§Sum] to access the numeric view
and therE2EEE to display the correlation values. The values
are stored in the variables when you access the Symbolic
view.
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Setting up the plot (Plot setup view)

Plot type (1VAR)

Histogram width

Histogram range

Plotting mark
(2VAR)

Connected points
(2VAR)

The Plot Setup view ([SHIFT]SETUP-PLOT) sets most of the
same plotting parameters asit does for the other built-in
aplets.

See “Setting up the plot (Plot view setup)” on page 2-5.
Settings unique to the Statistics aplet are as follows:

STATPLOT enables you to specify either a histogram or a
box-and-whisker plot for one-variable statistics (WEESHEI
is set). PresEiE to change the highlighted setting

HW DTH enables you to specify the width of a histogram bar.
This determines how many bars will fit in the display, as well
as how the data is distributed (how many values each bar
represents).

HRNG enables you to specify the range of values for a set of
histogram bars. The range runs from the left edge of the
leftmost bar to the right edge of the rightmost bar. You can
limit the range to exclude any values you suspect are outliers.

S1MARK throughS5MARK enables you to specify one of five
symbols to use to plot each data set. to change the
highlighted setting.

CONNECT (on the second page), when checkmarked,
connects the data points as they are ploTteelresulting line

isnot theregression curve. The order of plotting is according

to the ascending order of independent values. For instance, the
data set (1,1), (3,9), (4,16), (2,4) would be plotted and traced
in the order (1,1), (2,4), (3,9), (4,16).
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Trouble-shooting a plot

If you have problems plotting, check that you have the
following:

The correcEEIE or HIETED menu label on (Numeric
view).

The correct fit (regression model), if the data set is two-
variable.

Only the data sets to compute or plot are checkmarked
(Symbolic view).

The correct plotting range. Try usifigiews) Aut o

Scal e (instead of(pLOT)), or adjust the plotting
parameters (in Plot Setup) for the ranges of the axes and
the width of histogram barsiV DTH).

In EEEI mode, ensure that both paired columns contain
data, and that they are the same length.

In mode, ensure that a paired column of frequency
values is the same length as the data column that it refers
to.
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Exploring the graph

The Plot view has menu keys for zooming, tracing, and
coordinate display. There are a so scaling options under

(VIEws]. These options are described in“Exploring the graph”

on page 2-7.

Statistics aplet’'s PLOT view keys

Key Meaning

CLEAR Erasesthe plot.

VIEWS Offers additional pre-defined views for
splitting the screen, overlaying plots,
and autoscaling the axes.

« Moves cursor to far left or far right.

>

200 Displays ZOOM menu.

TRACE Turns trace mode on/off. The white box
appears next to the option when Trace
mode is active.

FIT) Turns fit mode on/off. Turning EE on
draws a curve to fit the data points
according to the current regression
model.

(2var Enables you to specify avalue on the

statisticsonly) | line of best fit to jump to or adata point
number to jump to.

LEFH] Displays the equation of the regression
curve.

EE Hides and displaysthe menu key |abels.
When the labels are hidden, any menu
key displaysthe (x,y) coordinates.
Pressing redisplays the menu
labels.
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Calculating predicted values

Find predicted

values

HINT

The functions PREDX and PREDY estimate (predict) values
for X or Y given a hypothetical value for the other. The
estimation is made based on the curve that has been calculated
to fit the data according to the specified fit.

=

In Plot view, draw the regression curve for the data set.
Press (v] to move to the regression curve.

Press and enter the value of X. The cursor jumpsto
the desired point on curve and the coordinate display
shows X and the predicted value of Y.

In HOME,
— EnterPREDX(y-value)

to find the predicted (estimated) value for the
independent variable given a hypothetical dependent
value.

— EnterPREDY(x-value) to find the predicted value of
the dependent variable given a hypothetical
independent variable.

You can typeP?REDX andPREDY into the edit line, or

you can copy these function names from the MATH

menu under the Stat-Two category.

In cases where more than one fit curve is displayed, the
PREDY function uses the most recently calculated curve. In
order to avoid errors with this function, uncheck all fits except
the one that you want to work with, or use the Plot View
method.

Statistics aplet
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Inference aplet

About the Inference aplet

Example data

The Inference capabilities include cal culation of confidence
intervals and hypothesis tests based on the Normal
Z—distribution or Student’s t—distribution.

Based on the statistics from one or two samples, you can test
hypotheses and find confidence intervals for the following
quantities:

*  mean
e proportion
» (difference between two means

» difference between two proportions

When you first access an input form for an Inference test, by
default the input form contains example data. This example

datais designed to return meaningful resultsthat relate to the

test. It isuseful for gaining an understanding of what the test
does, and for demonstrating the test. The calculator’'s on-line
help provides a description of what the example data
represents.

Inference aplet
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Getting started with the Inference aplet

This example describes the Inference aplet’s options and
functionality by stepping you through an example using the
example data for the Z-Test on 1 mean.

Open the

1. Open the Inference aplet.

Inference aplet

Slect I nferenti al

ETART

The Inference aplet opens
in the Symbolic view.

Inference aplet's SYMB view keys

EHEEEIMF STAT SYMEOLIC VIEW
WEAELHYFOTH TEST
TPE:  Z-Test: 1 p
ALT HYPOTH: p<p @

Choere an infFarential Hethod

The table below summarizes the options available in
Symboalic view.

Hypothesis Tests

Confidence Intervals

Z: 1y, the Z-Test
on 1 mean

Z: g — Yy, the
Z-Test on the
difference of two
means

Z: 1P, the Z-Test
on 1 proportion

Z: Pl - P2, the
Z-Test on the
difference in two
proportions

T: 1y, the T-Test
on 1 mean

T: U1, the
T-Test on the

difference of two
means

Z—Int: 1 y, the confidence
interval for 1 mean, based on the
Normal distribution

Z—Int: gy — |, the confidence
interval for the difference of two
means, based on the Normal
distribution

Z—Int: 1 P, the confidence
interval for 1 proportion, based
on the Normal distribution

Z—Int: P, — P,, the confidence

interval for the difference of two
proportions, based on the Norma
distribution

T—Int: 1 y, the confidence
interval for 1 mean, based on th
Student’s t—distribution

)

T—Int: p; — Wy, the confidence
interval for the difference of two
means, based on the Student’s
t—distribution

9-2
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Define the
inferential
method

If you choose one of the hypothesis tests, you can choose the
alternative hypothesis to test against the null hypothesis. For
each test, there are three possible choices for an alternative
hypothesis based on a quantitative comparison of two
guantities. The null hypothesisis aways that the two
quantitiesareequal.Thus, the alternative hypotheses cover the
various casesfor the two quantitiesbeing unequal: <, >, and #.

In this section, we will use the example data for the Z-Test on
1 mean toillustrate how the aplet works and what features the

various views present.

1. Select thédypot hesi s Test inferential method.

Select HYPOTH TEST

2. Define the type of test.

i (v)
Z-Test: 1 p

SR INF STRT SYMEDLIC VIEW

Chooze an infFerential Hethod

I (T T

[ T —ohw [ ok |

3. Select an alternative hypothesis.

3 (v)
HEHOLE
p<pO

YEHEEE INF STAT SYMEOLIC WIEK

HETH | e
TFE | B
ALT e

Choose alternative hupothasis

CHHCL | OK

TPE:  F-Test: 1
ALT HeFoTH: [TCTTISH

S INF STAT SYMEDLIC YIEW
HETHOD: HYPOTH TEST

Choose alternative hypothesis

n

Inference aplet
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Enter data 4. Enter the sample statistics and popul ation parameters that
define the chosen test or interval.

(SHIFT]SETUP-NUM

=
Wiz,
L

SAHp L2 HEAn

The table below lists the fields in this view for our current
Z-Test : 1 example.

Field name | Definition

po Assumed population mean

o Population standard deviation
X Sample mean

n Sample size

a Alphalevel for the test

By default, each field already contains avalue. These
values constitute the example database and are explained
in the [ITEE feature of this aplet.

Displayon-line 5. Display the on-line help.
help HELF Terts the null hapethesiz that

the population HEdn is an assuned
i valug, Wi, 9ddinst the
6. Toclosetheon-linehelp, |ti=ernatibie hupatheses.
Exanple_data
pressEI}i. A £2% oF S0 candoH nuHbers Frod 0
to 1, aenerated by a calculatoer,
has a Hean oF 0.HELZEE. The

Display test 7. Display thetest resultsin numeric format.
resu |tS n NUM HF sm{agumsmc VIEH
CNENC The test distribution value T"’ﬁﬁjjf s2dezngd
format and its associated et 01
probability are displayed,
along with the critical
value(s) of the test and the associated critical value(s) of
the statistic.

Note: You can access the on-line help in Numeric view.
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Plot test
results

8. Display agraphic view of the test results.

(PLoT) e

| 0

Horizontal axes are 1.544B59 <CRIT, 2
Test Z=-., 34E205Y
A= Yles
4328433 EGENT. E

presented for both the
distribution variable and
thetest statistic. A generic
bell curve represents the probability distribution

function. Vertical lines mark the critical value(s) of the

test, aswell asthe value of thetest statistic. The rejecti
region is marked <R and the test numeric results are
displayed between the horizontal axes.

on

Importing Sample Statistics from the Statistics

aplet

Open the
Statistics aplet

The Inference aplet supports the calculation of confidence

intervals and the testing of hypotheses based on datain the

Statistics aplet. Computed statistics for asample of datain a
column in any Statistics-based aplet can be imported for use
in the Inference aplet. The following example illustrates the

process.
A calculator produces the following 6 random numbers:
0.529, 0.295, 0.952, 0.259, 0.925, and 0.592

1. Open Statistics aplet. Note: Reset current settings.

(APLET] Select nl Cl | Gz [ Ca | 4
1

Statistics
[REZETIVES]

The Statistics aplet opens
in the Numeric view.

Inference aplet
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Enter data 2. Inthe C1 column, enter the random numbers produced
by the calculator.

[)529
[)295
[)952
[)259
[)925
[)592

HINT  If the Decima Mark setting in the Modes input form
([SHIFT)MODES) is set to Comma, use (,] instead of [.].

3. If necessary, select 1-variable statistics. Do this by
pressing the fifth menu key urfEEEE is displayed as
its menu label.

Calculate 4. Calculate statistics.
statistics ETATS]

£

The mean of 0.592 seems_--m
a little large compared to the expected value of 0.5. To
see if the difference is statistically significant, we will use
the statistics computed here to construct a confidence
interval for the true mean of the population of random
numbers and see whether or not this interval contains 0.5.

5. PresddH to close the computed statistics window.

Open 6. Open the Inference aplet and clear current settings.
Inference aplet Select WEEE INF STAT SYMEOLIC YIEW
I nference LACTIEH' 'FOTH TEST
[REZET|YEZ] TRE: F-Test: 1 p

[ZTAET) ALT HYPOTH: @

Chaoze an inFargntial Hathed
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Choose
inference
method and

type

Set up the
interval
calculation

Import the data

7. Choose an inference method.

CH ]
Select CONF | NTERVAL
b=

SR INF STRT SYMEOLIC WIE
LA ONF  THTERYAL
TrE:  Z-IHT: 1

Cheesg an anFargntial Hethed

8. Choose adistribution statistic type.

(v) EITE
Select T-Int: 1 p
O]

HEHEEE INF O STAT SYMEOLIC WIEK

HETHOD: COMF IMTERMAL
IR T-THT: 1 o

Chooze daztrabutaon statistaic

9. Setuptheinterval calculation. Note: The default values
are sample data from the on-line help example.

(SHIFT)SETUP-NUM

MUMERIC SETUP #EE

SAHp L2 Hedn

| ____[HELF[IMPET] |

10. Import the data from the Statistics aplet. Note: The data
from Cl is displayed by default.

HEIFET]

Note: If there are other
columns of data in the
Satistics aplet, you could
select a column and press

MPORT SAMPLE ZTATS
. 992
n: &
s 2978442
COLUNR:

£tat iHpoert data coluln

T3 to see the statistics before imort ng them into the
Numeric Setup view. Also, if there is more than one aplet
based on the Satistics aplet, you are prompted to choose

one.
1]

INF_STHT MUMERIC SETUP S
=1

sx . ZOTE442S4EES
n: &
¢ .99

SAHpLE HEAn

Inference aplet
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11. Specify a90% confidenceinterval inthe C. field.

[B [z] [z] tO move to the HF_STAT MWUHMERIC ZETUP SEEEE
C. field R
0.0 [ENER :x é29?9442545|aa
o9
ZaHpLe Hedan
Display 12. Display the confidence interval in the Numeric view.
Numeric view Note: Theinterval settingis0.5.
NUM MF s_TnT HIJgIEPiIl: VIEH
Critical Te42. B15A4E
wHin =, 3459314
woHax =, B37E1EE
[ 1 Tweel | [ |
Display Plot 13. Display the confidence interval in the Plot view.

view
m |

-2.015048 #CRIT. T3 2015048
You can see, from the AEIELA € H0: 113 BI018s

I R B
second text row, that the | — T R E——
mean is contained within the 90% confidence interval
(Cl) of 0.3469814 to 0.8370186.

Note: The graph isa simple, generic bell-curve. It is not
meant to accurately represent the t-distribution with 5
degrees of freedom.
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Hypothesis tests

Y ou use hypothesisteststo test thevalidity of hypothesesthat
relate to the statistical parameters of one or two populations.
The tests are based on statistics of samples of the populations.

The HP 39G/40G hypothesis tests use the Normal
Z—distribution or Student’s t-distribution to calculate
probabilities.

One—Sample Z-Test

Menu name

Inputs

Z-Test: 1 pn

On the basis of statistics from a single sample, the 1 mean
Z-Test measures the strength of the evidence for a selected
hypothesis against the null hypothesis. The null hypothesis is
that the population mean equals a specified @t —g.

You select one of the following alternative hypotheses against
which to test the null hypothesis:

Hit<Hg
Hitu >y
Hitp# [y
The inputs are:
Field name Definition
X Sample mean.
n Sample size.
Mo Hypothetical population mean.
(o] Population standard deviation.
a Significance level.

Inference aplet
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Results The results are:

Result

Description

TestZ

Prob

Critical Z

Critical X

Z—test statistic.

Probability associated with the
Z-Test statistic.

Boundary values of Z associated
with thea level that you supplied

Boundary values af  required by
thea value that you supplied.

Two—Sample Z-Test

Menu name Z-Test:ul—u2

On the basis of two samples, each from a separate population,
this test measures the strength of the evidence for a selected
hypothesis against the null hypothesis. The null hypothesis is

that the mean of the two populations are eddg! 1, = ).

You select one of the following alternative hypotheses against

which to test the null hypothesis:

Hity <y,
Hitky > 1y
Hytlg # Hy
Inputs The inputs are:
Field name Definition
%1 Sample 1 mean.
%2 Sample 2 mean.
nl Sample 1 size.
n2 Sample 2 size.
ol Population 1 standard deviation
02 Population 2 standard deviation
[of Significance level.
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Results

The results are:

Result Description

Test Z Z-Test statistic

Prob Probability associated with the
Z-Test statistic.

Critical Z Boundary value of Z associated
with thea level that you
supplied.

One—Proportion Z-Test

Menu name

Inputs

Z-Test:1P

On the basis of statistics from a single sample, this test
measures the strength of the evidence for a selected
hypothesis against the null hypothesis. The null hypothesis is
that the proportion of successes in the two populations is
equal Hqymt = 1,

You select one of the following alternative hypotheses against
which to test the null hypothesis:

Him<m,
Hy >,
Hy iz,

The inputs are:

Field name Definition

X Number of successes in the sample.
n Sample size.

T Population proportion of successes.

a Significance level.

Inference aplet



Results The results are:

Result

Description

Test P
TestZ

Prob

Critical Z

Proportion of successes in the sampl

Z—Test statistic.

Probability associated with the Z-Test

statistic.

Boundary value of Z associated with the

level you supplied.

®

Two—Proportion Z-Test

Menu name Z-Test: P1-P2

On the basis of statistics from two samples, each from a
different population, the 2 proportion Z-Test measures the
strength of the evidence for a selected hypothesis against the
null hypothesis. The null hypothesis is that the proportion of

successes in the two populations is equal.

(Hg: 4= 1).

You select one of the following alternative hypotheses against
which to test the null hypothesis:

Hym <,
Hymy >,
Hym £,
Inputs The inputs are:
Field name Definition
X1 Sample 1 mean.
X2 Sample 2 mean.
nl Sample 1 size.
n2 Sample 2 size.
a Significance level.
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Results The results are:

Result Description

Test P1-P2 Difference between the
proportions of successes in the
two samples.

Test Z Z-Test statistic.

Prob Probability associated with the
Z-Test statistic.

Critical Z Boundary values of Z associated
with thea level that you supplied

One—Sample T-Test

Menu name T-Test: 1 u

The One—sample T-Test is used when the population standard
deviation is not known. On the basis of statistics from a single
sample, this test measures the strength of the evidence for a
selected hypothesis against the null hypothesis. The null
hypothesis is that the sample mean has some assumed value,
Ho H=Ho

You select one of the following alternative hypotheses against
which to test the null hypothesis:)

Hitl<yg
Hytw> g
Hitl# Hg
Inputs The inputs are:
Field name Definition
X Sample mean.
SX Sample standard deviation.
n Sample size.
no Hypotheticalpopulation mean.
a Significance level.
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Results The results are:

Result Description
Test T T-Test statistic.
Prob Probability associated with the

T—Test statistic.

Critical T Boundary value of T associated
with thea level that you supplied

Critical x Boundary value ok required by
thea value that you supplied.

Two—Sample T-Test

Menu name T-Test:pul — |2

The Two—sample T-Test is used when the population
standard deviation is not known. On the basis of statistics
from two samples, each sample from a different population,
this test measures the strength of the evidence for a selected
hypothesis against the null hypothesis. The null hypothesis is
that the two populations means are eqtgf: (1, = pp).

You select one of the following alternative hypotheses against
which to test the null hypothesis

Hitlg <H,
Hitlg > 1,
Hyilg # Uy
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Inputs

Results

Theinputs are:

Field name | Definition

x1 Sample 1 mean.

%2 Sample 2 mean.

S1 Sample 1 standard deviation.

S2 Sample 2 standard deviation.

nl Sample 1 size.

n2 Sample 2 size.

a Significance level.

_Pooled? Check this option to pool samples based on

their standard deviations.

Theresults are:

Result Description

Test T T—Test statistic.

Prob Probability associated with the T-Test
statistic.

Critical T Boundary values of T associated with

thea level that you supplied.

Inference aplet




Confidence intervals

Theconfidenceinterval calculationsthat the HP 39G/40G can

perform are based on the Normal Z—distribution or Student’s

t—distribution.

One—Sample Z—Interval

Menu name Z-INT: 1

This option uses the Normal Z—distribution to calculate a

confidence interval fgu, the true mean of a population, when

the true population standard deviationjs known.

Inputs The inputs are:
Field name | Definition
X Sample mean.
o] Population standard deviation.
n Sample size.
C Confidence level.
Results The results are:
Result Description
Critical Z Critical value for Z.
W min Lower bound fop.
K max Upper bound fou.
9-16 Inference aplet




Two—-Sample Z—Interval

Menu name Z—INT: p1-p2

This option uses the Normal Z—distribution to calculate a

confidence interval for the difference between the means of

two populationsy; — Hp, when the population standard
deviations o, andos,, are known.

Inputs The inputs are:
Field name | Definition
x1 Sample 1 mean.
%2 Sample 2 mean.
nl Sample 1 size.
n2 Sample 2 size.
ol Population 1 standard deviation.
a2 Population 2 standard deviation.
C Confidence level.
Results The results are:
Result Description
Critical Z Critical value for Z.
A p Min Lower bound fory — .
A p Max Upper bound fopt; — .
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One—Proportion Z-Interval

Menu name Z-INT: 1P

This option uses the Normal Z—distribution to calculate a
confidence interval for the proportion of successes
population for the case in which a sample of sizbas a
number of successes,

Inputs The inputs are:
Field name | Definition
X Sample success count.
n Sample size.
C Confidence level.
Results The results are:
Result Description
Critical Z Critical value for Z.
mtMin Lower bound forrt
TtMax Upper bound for 1t
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Two—Proportion Z—Interval

Menu name Z—-INT: P1 -P2

This option uses the Normal Z—distribution to calculate a
confidence interval for the difference between the proportions
of successes in two populations.

Inputs The inputs are:
Field name | Definition
1 Sample 1 success count.
%2 Sample 2 success count.
nl Sample 1 size.
n2 Sample 2 size.
C Confidence level.
Results The results are:
Result Description
Critical Z Critical value for Z.
ATIMin Lower bound for the difference between
the proportions of successes.
A TtMax Upper bound for the difference between the
proportions of successes.
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One—Sample T—Interval

Menu name T-INT: 1

This option uses the Student’s t—distribution to calculate a
confidence interval fop, the true mean of a population, for
the case in which the true population standard deviatids,

unknown.
Inputs The inputs are:
Field name | Definition
X Sample mean.
Sx Sample standard deviation.
n Sample size.
C Confidence level.
Results The results are:
Result Description
Critical T Critical value for T.
K Min Lower bound foru.
K Max Upper bound for u
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Two—-Sample T—Interval

Menu name T—INT: pl —p2

This option uses the Student’s t—distribution to calculate a
confidence interval for the difference between the means of
two populationsy; — Hp, when the population standard
deviationso,anda,, are unknown.

Inputs The inputs are:
Field name | Definition
%1 Sample 1 mean.
%2 Sample 2 mean.
sl Sample 1 standard deviation.
s2 Sample 2 standard deviation.
nl Sample 1 size.
n2 Sample 2 size.
C Confidence level.
_Pooled Whether or not to pool the samples based
on their standard deviations.

Results The results are:
Result Description
Critical T Critical value for T.
A p Min Lower bound foip; — .
A p Max Upper bound foply — py.
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Using mathematical functions

Math functions

The HP 39G/40G contains many math functions. The
functions are grouped in categories. For example, the Matrix
category contains functions for manipulating matrices. The
Probability category (shown asPr ob. onthe MATH menu)
contains functions for working with probability.

To use amath function, you enter the function onto the
command line, and include the argumentsin parentheses after
the function. Y ou can also select a math function from the
MATH menu.

The MATH menu

The MATH menu provides access to math functions and
programming constants.

The MATH menuisorganized by category. For each category
of functionson theleft, thereisalist of function names on the
right. The hlghllghted category isthe current category.

_. CEILIHG
Stat-Two |DEG+RAD

Sumbolic |FLOOE
—|Test= ¥|FHEOOT  »|—

*  When you pres§mATH], you see the menu list of Math
functions. The menu kdEEELE indicates that the MATH
FUNCTIONS menu list is active.

Using mathematical functions
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To select a
function

Function categories

Press to display the MATH menu. The categories
appear in aphabetical order. Press (v] or (a] to scroll
through the categories. To skip directly to a category,
press the first letter of the category’s naidete: You do
not need to press first.

The list of functions (on the right) applies to the currently
highlighted category (on the left). U§e]) and («] to
switch between the category list and the function list.

Highlight the name of the function you want and press
3. This copies the function name (and an initial
parenthesis, if appropriate) to the edit line.

Calculus ¢ Loop e Stat-Two
. (Two—variable
Complex Matrices statistics)
numbers ¢ Polynomial
y Symbolic
constant . propabili
y Tests

Hyperbolic trig
¢ Real-numbers .
Lists Trigonometry

10-2
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Math functions by category

Syntax

Following aredefinitionsfor all categoriesof functions except
List, Matrix, and Statistics, each of which appearsin its own
chapter. Except for the keyboard operations, which do not
appear in the MATH menu, al other functions are listed by
their category in the MATH menu.

Each function’s definition includes its syntax, that is, the
exact order and spelling of a function’s name, its delimiters
(punctuation), and its arguments. Note that the syntax for a
function does not require spaces.

Functions common to keyboard and menus

These functions are common to the keyboard and menus.

(SHIFT)TT For a description, see “p” on
page 10-9.

[SHIFT)ARG For a description, see “ARG” on
page 10-8.

For a description, see “D” on
page 10-7.

(SHIFT)AND For a description, see “AND” on
page 10-21.

(SHIFT)! For a description, see “!” on
page 10-13.

(SHIFT)s For a description, see “S” on
page 10-11.

(SHIFT)EEX For a description, see “Scientific
notation (powers of 10)” on
page 1-19.

(sHIFT)! For a description, see “S” on
page 10-7.

L The multiplicative inverse function

finds the inverse of a square matrix,
and the multiplicative inverse of a
real or complex number. Also
works on a list containing only
these object types.
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Keyboard functions

).,

ErTeX

(ST 10"

(5], (€55)  (7AN]

Themost frequently used functionsare availabledirectly from
the keyboard. Many of the keyboard functions also accept
complex numbers as arguments.

Add, Subtract, Multiply, Divide. Also accepts complex
numbers, lists and matrices.

valuel+ value2, etc.

Natural exponential. Also accepts complex numbers.
e™value

Example
e”5 returns 148. 413159103

Natural logarithm. Also accepts complex numbers.
LN(value)

Example
LN(1) returnsO

Exponential (antilogarithm). Also accepts complex numbers.
10~ value

Example
1073 returns 1000

Common logarithm. Also accepts complex numbers.
LOG(value)
Example
LOZ 100) returns 2
Sine, cosing, tangent. Inputs and outputs depend on the
current angle format (Degrees, Radians, or Grads).

Sl N(value)
COS(value)
TAN(value)

Example

TAN(45) returns 1 (Degrees mode).
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[SHIFTJASIN

[SFT)ACOS

SHIFT |JATAN

Y

Arc sine: sin~x. Output range is from —90° to 90°w2 to
172, or —100 to 100 grads. Inputs and outputs depend on the
current angle format. Also accepts complex numbers.

ASI N(value)
Example

ASI N(1) returns 90 (Degrees mode).

Arc cosine: cgsix. Output range is from 0° to 180°, 0 tpam

0 to 200 grads. Inputs and outputs depend on the current angle
format. Also accepts complex numbers. Output will be
complex for values outside the normal COS domain of
-1<x<1.

ACOS(value)
Example

ACOS( 1) returnsO (Degrees mode).

Arc tangent: taf'x. Output range is from —90° to 90%¥2 to
172, or —100 to 100 grads. Inputs and outputs depend on the
current angle format. Also accepts complex numbers.

ATAN(value)
Example

ATAN( 1) returns45 (Degrees mode).

Square. Also accepts complex numbers.
value?

Example
182 returns 324

Square root. Also accepts complex numbers.
Vvalue

Example
/324 returns 18

Negation. Also accepts complex numbers.
—-value

Example

-(1,2) returns(-1,-2)

Using mathematical functions
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Power (x raised to y). Also accepts complex numbers.
value® po