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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/calculators

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:

5, (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, EfC.
* Numbersand letters are represented normally, asfollows:
5,7,A, B, ec.

* 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.
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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 information is
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.

FUMCTION ——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.

Alphain effect for next keystroke.
To cancel, press again.

Low battery power.
Busy.

Dataisbeingtransferredviainfrared
or cable.

The keyboard

Menu keys

Menu key
labels

Menukeys — () () (D (J (O ()

|
Aplet control —E

keys

Alpha key
Shift key

ﬁ mup —_— @
ooe | moreweren @ @ Cursor
- - z3 keys
ASIN ACC 10*
cos log
— E n— G e H x7 /
< =]
perory ) usr K Loy Moy N
IER

marex P [

fa) (7 ) [ 4] - @ @
(7] - - - -
ow [ () (7] fove] - Ener key

Getting started
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¢ 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
%
0 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
views” on page 1-15.

t
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Entry/Edit keys

The entry and edit keys are;
Key Meaning
(CANCEL) Cancels the current operation if the

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 aphabetica characters
printed in orange below akey. Hold
down to enter a string 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(SHIFTJMODES.”

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, pregaiLPHA] again.
For a lower case letter, press
(ALPFA].

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 [SHIFT) SYNTAX p—

FUMCTION

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

% MATH FUMCTIOMS

i Stat-Two |DEGHRAD
MATH men.u IST’;'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.

PressingsHirT)cmpsdisplays 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.

Flot-Detail

_'_' Auto Scale
; c|becimal x| :
I N (T T

Thek2 arrow in the displayy
means more items below.

HTH FUMCTIONS
[FEETENE & CEIL IHG
St at-Two |DEG+RAD
Symbolic |FLOOR

—|Test= ¥ FHEOOT  w]

MTH=[CONE] ] [eANEL] Ok

TheES arrow in the display,
means more items above

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<&3 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, pres§HirT) (.

Press(ON] (for caNCEL) or EELZEES. 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. 2iiradiansin 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 done in 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 isthe same for changing number format
and decimal mark modes.

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

form.

The cursor (highlight) isin HOME MODE

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 pressiEa.

F

The angle measure BECIMAL MARK: Dot €, 3
h rees.
changes to degrees CHOOSE ANGLE MEASURE
4. Press to return to I N S
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 SN =ST]

Tnf BKE
page 1-15 for further Farametric 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 ofx. 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 ofn, or in
terms of previous terms in the same or
another sequence, such@s_, and
U,_,.ExampleU; =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.

Getting started



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 EIEZE 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®Iaa 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.

Pressindgg3T3E allows the user to select whether all three sub-
expressions will be explored at once or only one at a time.

A EEEEL button is provided to [+
evaluate the student’s s \\l o EW

knowledge. Pressirf§®® = |+~ l\_/ “TF

displays a target quadratic |:::::1:: ;MW T'l 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 parameteEiESH 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 is used 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 LETHET W= SINCHD
in the EITEEER view, the screen
shown right is displayed.

In this mode, the graph
controls the equation. Pressing
the (a](¥] and («J[»] keys
transforms the graph, with
these transformations reflected
in the equation.

The button labelled ETFEED isa

toggle between EFEET and

FEIA0. When EEEES is Origin

chosen, the ‘point of control’ i$[ v= szniw

at the origin (0,0) and the .

(a)(v]) and(«][»] keys

control vertical and horizontal [* AT AT
transformations. WhelBEGD |0 0 (R M N 1)

is chosen the ‘point of control’ is on the first extremum of the
graph (i.e. for the sine graph @/ 2,1)

The arrow keys change the

amplitude and frequency ofthe —Extremum
graph. This is most easily seen
by experimenting. V= [y 2sInon

Pressingsyms] displays the
equation at the top of the b= DRI v 0m) +0

screen. The equation is g/\ /\ s
controls the graph. Pressing th( Uﬂ ww

(»] and(«] keys moves from
parameter to parameter.
Pressing th¢a] or (v] key changes the parameter’s values.

The default angle setting for this aplet is radians. The angle
setting can be changed to degrees by preEETHg.

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 EZEX[EE or [ENTER).

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

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 the FUNCTION SYMEOLIC VIEW S

i i CRI=CHEIYE—2
function(s) or equation(s) tha B3 =B CDS ()

you want to explore. FZ

See “About the Symbolic 4= -
. [ E0iT | CHE] & | | SHOM[EVAL ]
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(NuMm] 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
Sdect Pl ot - Tabl e

Splits the screen into the plot

and the datatable. 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.
view 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 MOTE
the aplet if it is sent to anothe
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.

See “Notes and sketches” or
page 14-1 for further
information.

Aplet view configuration

Plot Setup

Numeric Setup

Symbolic
Setup

To change views

To save aplet
configuration

GIVEN:
k=10 AND D=12

“
m. FIMD THE VALLE OF
v A. B AMD C.

You use theseTup keys (SHIFT]

(PLOT), and(SHIFT) [NUM)) to

configure the aplet. For example, présSsrT)SETUP-PLOT
((sHiFT] (PLOT))to display the input form for setting the aplet’'s

plot settings. Angle measure
view.

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

Press(SHIFT]SETUP-NUM. Sets

parameters for building a tabl
of numeric values.

is controlled usingwbpES

UMCTION PLOT ZETUP
=

TEMIE:
uTIck: 1
kEs:  Faster

ENTER MIMIMUM HORIZOMTAL WALUE
EpT] | FRSEW ] |

=] E.3
L1285, 7.5
YTICK: 1

W FUNCTION WUMERIC SETUP S0
(HUMZTART:

NUMSTER: . 1

HUMTYPE:  Hutomat ic
NUMZOOM: &

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

ANGLE MERZURE: [(EPEE RS
AFT:Linear fEFT:Linear
3FIT:Linear SFTLinear
FEFIT:Linear

models. Pres{{HIFT]SETUP
SYMB.

Each view is a separate environment. To change a view, select

CHODSE AMGLE MEAZURE
|CHOD:] 1 |

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 expl

you just enter another one—I
another in a house. Data that
as you enter it.

You can save an aplet config
transfer the aplet to other HP

icitly close the current view,
ike passing from one room into

you enter is automatically saved

uration that you have used, and
39G/40G calculators. See

“Sending and receiving aplets” on page 16-5.

Getting started

1-17



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 al[MATH] operations.

« 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.

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

2
23‘_—14[%(45) :

lcul
Calculate 3

(J23(x?]
()14

X] (SHIFT]V 80 (25E-14%05 0 -35LH{45)
0] -620, 996164365
()45 D)

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
notation
(powers of 10)

Example

Explicit and
implicit
multiplication

HINT

A number like 5 x 104 or 3.21 x 10_7 iswritten in scientific
notation, that is, in terms of powers of ten. Thisissimpler to
work with than 50000 or 0.000000321. To enter numberslike
these, use EEX. (Thisis easier than using (x]10(x’].)
(4% 107)(6 x 10°3)

3x107°
((J 4 (SHIFTJEEX
()13 (]
(06 (SHIFTEEX
230)) (=) 3 [SHIFTJEEX (4E-13)#(GEra)-3E-o%
(©)5

D

4.E-13*6.E22- . BABEZ
2.E13

Cdculate

FUMCTION

FUMCTION

TR A I N N _—

Implied multiplication takes place when two operands appear
with no operator in between. If you enter AB, for example, the
resultis A* B.

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.

Implied multiplication will not always work 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 interpr&fB+4) as meaning
‘evaluate functiorA at the valudg3+4’, and functionA does
not exist. When in doubt, insert the * sign manually.

Getting started
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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 inserts it
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 () (sHF) sin (45 + 1)
(SN)450) () (ST T sin (4) +
V85(x)9 J/85x9
Y ([085(x)9 () /859
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 <4DA larger result is

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.

[EEm:
Input —1+2+3
. £— 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.

UHCTION

To copy a Highlight the line (presga]) and presEZEE. 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 expressioansis 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 containingAks, 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 PTRADE
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 1. 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 froms, 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 pressingHIFTJANS copies the last result (ass) into
the edit line.

1-22
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Storing avalue
in avariable

Accessing the
display history

Y ou can save an answer in avariable and use the variable in
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

557

2. Store the result in the A variable.

BRI (AR A

297

3. Perform another calculation using the A variable.

95()2(X) (A A

Pressinda] enables the highlight bar in the 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 standa
mathematical form.

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

Clears all lines of display history and the
CLEAR edit line.

ard

Getting started
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Clearing the
display history

It's a good habit to clear the display histofy{rT]CLEAR)
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

Setting
Fraction mode

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

In HOME, open the HOME MODES input form.
[SHIFT]MODES

HUMEER FORMAT: Standard
DECIMAL MARK: Dot (.0

CHODZE ANGLE MERSURE
| [cHoo:[ | |

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

DENE O © G

alstandard
wum|Fixed
peci|Scientific

Tl EnE ineeri ni

PresdiH to select the
option, then select the precision value.

EE )

HUMEER FORMAT: Fract ion
DECIMAL MARk: Dot €. 2

EMTER DECIMAL PLACEZ TO UZE

Enter the precision that you want to use, and [fE&Egs®

set the precision. Pre§Some] to return to HOME.

See “Setting fraction precision” below for more
information.

1-24
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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 valuethat 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...).

Thefractions 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:

* Precision set to 1:

* Precision set to 2:

* Precision set to 3:

* Precision setto 4

11747

117-2588

TN I I
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Fraction
calculations

When entering fractions:

* 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.

(SHIFTJMODES (v] OME_MODES
ETEE Sdect AMIGLE MERZURE: Fadians

- WUMEEFR FORMAT: Fr-act ion
Fracti on DECIMAL MARK: [ioh €. 3

[ERTER) (54 I

EMTER DECIMAL PLACEF TO USE

2. Return to HOME and enter the calculation.

3M@E2(+]3 i)
E40 57
=J800]

FUNCTION

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

3. Evaluate the calculation.

T

SEC2+3/44H(TH7 S50
2@

FUNCTION

78

h—-—-ﬂ

Converting To convert a decimal value to a fraction:
deCir_nals to 1. Setthe number mode to Fraction.
fractions 2. Either retrieve the value from the History, or enter the
value on the command line.
3. PresqENTER] 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 r
fraction precision is set |- &&EE665E
to 6. The top calculation |, s&&s
returns the correct result. 53355008
The bottom one does not i ——.

UHCTIO

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
to 6. 525

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), wherex is the real part anglis the
imaginary part. For example, entering1  returns (0,1).

Enter the number in either of these forms, wharethe 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

* pressMATH], (a] or (¥] keys to seledfonst ant , [»]
to move to the right column of the merfw) to select ,
andElE.

Getting started
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Storing complex
numbers

Thereare 10 variablesavail ablefor storing complex numbers:
Z0to Z9. To store acomplex number in avariable:

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

(04()5)) BE3
(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 enclosed
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 tHgEE 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. Y ou 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.

APLET LIERARY $iEHEETTR:
Press (aJor(v]toselect |Trference e
an aplet. Fieetrie

Seque

The Function, —

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 lingofL)) or all lines

(GHIFTCLEAR).

Expressions are selected (check marked) on entry. To
deselect an expression, prE&&is. All selected
expressions are plotted.
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For aFunction
definition, enter an
expression to define
F(X). The only
independent variable
in the expression is
X.

For a Parametric
definition, enter a
pair of expressions
to defineX(T) and
Y(T). The only
independent variable
in the expressions is
T.

For a Polar
definition, enter an
expression to define
R(6). The only
independent variable
in the expression is
6.

For a Sequence
definition, either:
Enter the first and
second terms fdd
(U1, or..U9, or UO0).
Define thenth term
of the sequence in
terms ofN or of the

SRR FUNCTION SYMBOLIC WIEW S
Fl =

L

nel
Y2(T
®I(TY

EDIT |+ CHE] T 1 J:HOW]

S FEQUENCE SYMEDLIC VIEW 358

Uicza=
ULCH)
Hziis=
Uziza=

¥
EDIT A CHEL | | SHOM[EVAL |

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 HOME

In the Symbolic view, avariable is a symbol only, and does
not represent one specific value. To evaluate afunctionin
Symbolic view, press . |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 Fi¢
FZi
Fa s
Functi on Foiiie i
ETART

T I I T

2. Enter the expressionsin
the Function aplet's Symbolic view.

FrA)A (X

EHEEFUNCTION SYMEDLIC VIEW S5

BLE
B
F1(QHEQ)
F2 (0@
O] ==
3. Highlight F3(X).
FEEEEFUMCTION SYMEOLIC WIEW S
[Z] wF1ORI=A%HE
F

4, Pres&LIE
GEEEE FUMCTION SYMEOLIC WIEW S
Note how the values for "E“K):F'*KE

F1(X) and F2(X) are
substituted into F3(X).

EDIT A CHEL B | | SHOM[EVAL |

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, tfdé 9) and
press (ENTER]. This evaluates the expression, substitu@iimy
place ofX into F4.

S FUNCTION SYMEBOLIC VIEW S35
wE1CKI=A%HE
YF20K=RB

CFI( K =A%XE+E Fd4:92
YEAC R =3%R2+2ER+1 262
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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 variablein 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

or GIE,

— Ifthere is an option to choose, prE&REEE, highlight
your choice, and pres@nNTeRr) or E&. As a shortcut
to EEEE, 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&=IH%d to view more settings.
3. When done, pre¢sLOT] to view the new plot.

Plot view The plot view settings are:
settings

Field M eaning

XRNG, YRNG Specifies the minimum and
maximum horizontal (X) and vertical
(Y) values for the plotting window.

RES For function plots: Resolution;

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

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

BRNG Polar aplet: Specifies the ang® (
value range for the graph.
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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 r st ep
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
&R D

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.)

L abel 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]CcLEAR Inthe Plot Setup view. Toreset the default value

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

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

PLOT view

keys the graph.

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

A

ey

M eaning

EHFTCLEAR

VIEWS

«
]

33

ETE3 or (ON)

COMT

B

:

THEACE

Erases the plot and axes.

Offers additional pre-defined views for
splitting the screen and for scaling
(“zooming”) the axes.

Moves cursor tdar left or far right.
Moves cursor between relations.

Interrupts plotting.
Continues plotting if interrupted.

Turns menu-key labels on and off. Whe
the labels are off, pressifE=E:m turns
them back on.

* PressindgE: 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.

Displays ZOOM menu list.

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

Opens an input form for you to enter¥n

(orTorN or6) value. Enter the value and

presdd®. The cursor jumps to the point
on the graph that you entered.
Function aplet only: Turns on menu lis
for root-finding functionsgee “Analyse

graph with FCN functions” on page 3-3.

Displays the currentjefining
expression. Pre&&=: to restore the

=3

menu.

Aplets and their views
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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:H first.

e Turn off trace mode by pressiBGGiEd.
e Turn on trace mode by pressEgEIEs.
¢ To turn the coordinate display off, pr&&&:l.

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.

Pres&IIdEl, select an option, and prd&8. (If EEHE] is not
displayed, predB8IZzit.) Not allEEEE] options are available in
all aplets.

Option M eaning

Cent er Re-centers the plot around the current
position of the cursawithout
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 suppliedaxis

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 &IRNG
(6.5 to 6.5) and/RNG (-3.1 to 3.2).

(Not in Sequence or Statistics aplets.

7]

CS
2S.)

N
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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
8Y/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.

ZOOM examples
aplot of 3sinx.

Plot of 3sinx

Zoom In:
[EEETY EF6TE] | n B

Un-zoom:
Un- zoom

(Press (a] to moveto the
bottom of the Zoom list.)

Zoom Out:
Qut [E3

Now un-zoom.

Thefollowing screens show the effects of zooming optionson

/\

7

i) FIii: 0

Z

[H: 0 FICH: 0

TR TATRAR

TR TN AW

FETRTTRETY

TS

| 200H [TRACalGOTO]

[ FCH | OEFH [HMENL
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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:
EdE] Y- Zoom I n

Now un-zoom.

Y-Zoom Out:
Y- Zoom CQut 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, press B 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.
To set zoom 1. Inthe Plot view, press EE.
factors 2. PressEIIEL
3. Select Set 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.
2-12 Aplets and their views



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 a so
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 vertica 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 determinethe
best scale to use.

Rescales both axes so each pixel =0.1
unit. Resets default values for XRNG
(—6.5 to 6.5) antYRNG (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.
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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 EEH EFETE], select the zoom method and press B3
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 ez menu key copies the right plot to the left
plot.

To un-split the screen, pre@soT). The left side takes
over the whole screen.

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

1.

Presqgviews]. SelectPl ot - Tabl e and presEE. 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 thi() 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 {ag¢ 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

JEDIT] [ [  [PLOTH

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 pregsNTER] or H&.

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

2. When done, pregsium] 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
menu keys

Zoom within a
table

ZOOM options

Thefollowing tabledetail sthe menu keysthat you useto work
with the table of numbers.

Key M eaning

BTz Displays ZOOM menu list.

(E1G) Toggles between two character sizes.

[DEFH] Displays the defining function
expression for the highlighted column.
To cancel this display, press 3.

Zooming redraws the table of numbersin greater or |esser

detail.

The following table lists the zoom options:

Option

M eaning

In

Deci mal

I nt eger

Trig

Un-zoom

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

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

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

Changes intervals for the independent
varigble to 1 unit. Starts at zero.
(Shortcut to changing NUMSTEP.)

Changes intervals for independent
variableto 1/24 radian or 7.5 degrees
or 8Y/5 grads. Starts at zero.

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] |

Tojump to 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 va ueinthe X column. When you press
, the values for the dependent variables are
recalculated, 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 SetudHIFTJNUM), chooseNUMT YPE:
Build Your Oan.

3. Open the Numeric view§um]).
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

“Build Your Own” menu keys

Press (SHIFT)CLEAR, to erase the data from a table.

Key M eaning

Bttt Puts the highlighted independent
value (X, T, 6, or N) into the edit
line. Pressing replaces this
variable with its current value.

CH 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.

(E1G) Toggles between two character
Sizes.

[DEFH] Displays the defining function
expression for the highlighted
column.

DEL Deletes the highlighted row.

(SHIFT)CLEAR Clears all data from the table.
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Example: plotting a circle

Plot thecircle, x>+ y2 = 9. First rearrange it to read

y = t«/g—xz.

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. Inthe Function aplet, specify the functions.

Select

Functi on
Y (@ 9

0 x1.8) () 0) (NTe]
©) YAGIE
) (xT.e)
() 0] (ENTER]

S FUNCTION SYMEOLIC VIEW S
YE1CR =T (9-K2)
vE(H}=—4’(9—HE)

L
LEMT [+ CHE] # [  [SHOW[EVAL |

2. Reset the graph setup to the default settings.

SETUP-PLOT
(SHIFTJcLEAR

3. Plot the two functions
and hide the menu so that
you can see dl thecircle.

4. Reset the numeric setup to the default settings.

(SHIFT]SETUP-NUM
CLEAR

5. Display the functionsin numeric form.

NUM

FUMCTION PLOT SET
HRHG 6.5

TRENG: -3, 2.2

HTICK: 1 ITICK: 1

REs: Dt ail

ENTER MIMIMUM HOKIZONTAL VALUE
[EnT] | FPacE¥ [ |

[0
N

VW FUNCTION MUMERIC SETUP S50
NUMETHET:

NUMSTER: 1

HUMTYPE:  Hutomat ic
NUMZOOM: 4

ENTER STARTING YALUE FOR TRELE
ENT] [ |  FLOTH |

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 functiops 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

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

Open the 1. Open the Function aplet.

Function ap|et Select FUNCt i ON  [zEEE FuRcTion svHEDLIC VIEH G
[ZTAET] i

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.
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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 rzss to

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

1E] SEEEEFUNCTION 3YMEODLIC VIEW SE5EE
© 3D () |gElGh=ioy
0) 2 ([NiR)

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

3. Display plot settings.
SETUP-PLOT FUMCTION PLOT =ETU
£. 5
W1 2.2
Detail
EMTER 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.
FHGE W
E] E] E] E zSIMuL:UNETmN FLDT_S;EIT.'I.J CROZS
¢ COMMECT _ LAEELZ
 HHES HsRin
DEAK GRID?
Plot the 5. Plot the functions.
functions
3-2
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Change the
scale

Trace a graph

Analyse graph
with FCN
functions

6.

7.

Note: By default, thetracer =8 Flem: 1.6 GET

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

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 the linear function.
(«] 6times

is active.

8.

Jump from the linear function to the quadratic function.

0y

Display the Plot view menu.
EEE

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.

Function aplet
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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 |5lape e
- |Signed area. 1
- |Extremum el
......... —

Theroot valueis
displayed at the bottom
of the screen.

ROOT: -1.5B57BE43763

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

[ | [iFNIL]

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

oE

—t—|

LML [ OF

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
of the quadratic
function

Tofind the signed
area of the two
functions

13.

14.

15.

16.

17.

Find the slope of the quadratic function at the intersection
point.
EET

Sdect Sl ope
O]

The slopevaueis
displayed at thebottom ~ [fLOPEN
of the screen.

To find the area between the two functions in the range
—2< x< -1, first move the cursor t61(x) = 1—-x and
select the signed area option.

EED

Sdlect Si gned ar ea

TRl START: -1

Move the cursor t& = -1 by pressing or («
key.

L

=

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

Choose the end value for,

X . o
:
GaTo| # L

) 2
o= i
[ [ | JiAMiL] Ok |

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

[N EHDS: -2

Function aplet

3-5



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 a table

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

(») @3

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.

EARAD] FUMCTION

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

Lﬁﬂllllllllllllllll

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
variable [TH

Extremum
i Sumbolic |Isect

Select Pl ot FCN

)

(a)or(v] to choose a variable
GES

The FCN functions are:

Function Description

Root SelectRoot to find the root of the

Extremum SelectExt r emumto find the

Sl ope SelectSl ope to find the numeric
derivative at the current position of
the cursor. The result is saved in a

current functiomearest the cursor.
If no root is found, but only an

extremum, then the result is labele
EXTR: instead oROOT: . (The

aplet. See also “Interpreting results

resultingx-value is saved in a
variable named ROOT.

maximum or minimum of the

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

variable named SLOPE.

Function aplet
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root-finder is also used in the Solve

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

current function nearest the cursor.
This displays the coordinate values

To access FCN variable in the Function aplet's Symbolic
view:

”



Shading area

Function Description (Continued)

Si gned area Select Si gned ar ea tofind the

numericintegral. (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. Theresult is
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 a sel 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 areayou want to shade.

Press EIEI.
PressIZE], 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.

Press T to calculate the area. The area measurement 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.
Select

Functi on

Faika=
Facua=

B FUNCTION SYMEDLIC VIEL) S
Fiiio=
Fz¢
F
L
P I T

2. 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.)

QEE20E
(QH CHARS<
@10
Bl (2] (0 H
[SHIFT)cHARS > (1)1
(SHIFT) AND H

S FUNCTION SYMEDLIC VIE
YELOEI=CH+20 - 0RE-1
YERCRI=HES(EE-1

Errr)cHaRs < 1)

04080 E O

[SrT)cHaRs > 1)

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

pressing (x,7.0).

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(1).

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 this exampleto
work, the angle measure must be set to degrees.

Open the 1. Open the Parametric aplet.
P .
aram etrlc %&t APLET LIERARY $iEE EELTRS
aplet Parametric Function AKE
=THET Inferential. .
Define the 2. Enter each equation.
expressions 3 X 5N %78) )
EHE PARAMETRIC SYMEOLIC VIEW S5
wH1(TI=3#5INCT)
3 (x)(cos) (x1,8) D) wS*CDS(T}
YE(T =

®I(Ta= ¥
[ CHEL T ] SHOW

Parametric aplet 4-1



Set an g le 3. Set the angle measure to degrees.
measure MODES
CHES
Select Degr ees H3
CHODZE AMGLE MERZURE
[ [ | JuibiL]
Set up the plot 4. Display the graphing options.
PLOT
ARAMETRIC PLOT ZETUP %
TETEP: , 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.
(») 360E=
= ARAMETRIC PLOT ZETU
5 THHG: @ 36
TETER: 5
HRHIG: 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:E twice.
4-2 Parametric aplet



Overlay plot

Display the
numbers

8.

9.

Plot atriangle graph over the existing circle graph.

PLOT
AKAMETRIC PLOT ZETUP
(v) 8 268
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 oft-values.

This column is active in 2
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 usHgIE], 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
IEESET ETHET

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

AR ZYMEOLIC VIEH

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

2 (SFT) m(Cos)
&) 20)
&)
() (ENTER)

¥
[ EDIT [ CHE] & | [SHOW]EVAL ]

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

(SHIFT)SETUP-PLOT
[SHIFT)CLEAR
() 4 (s niId

OLAE PLOT ZETUI

TRNG -3, 1
EMTER STEP :I2E
|

Plot the expression.

(PLoT)

LHL Fli): 5.203185 [EEIT

Polar aplet

5-1



Explore the 5.

graph

Display the 6.

numbers

Display the Plot view menu key labels.
FEHL
The Plot view options /N{_\
available arethe same as

those found in the

Function aplet. See [TFacel GOTo [ GEFH |MENU |

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

Display the table of valuésfor 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 U1-2)
» 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
starts in the Symbolic
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.
éﬂ;}% W?i&)ﬂiﬂﬁ SYMEOLIC WIEW HEE
EEH 1
Note: You can use the
[, [FE8, and FE menu
keystoassistintheentry
of equations.
I SEQUENCE SYMEDLIC WIEW 3EEEE
wlila=1
wU1(23=1
wULEHy =1 CH=12+U1 ¢
U2czy= L
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 plotdJ,,_1 on the horizontal axis
andU/, on the vertical axis.
(SHIFT)SETUP-PLOT
Siroesr
ok e, 22 ;
) 8 vinG: CEII 10,5
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)

W1 ULiH: 1 MEMU |

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 is not possible to solve for more than one variable 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

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

Open the
Solve aplet

Define the
equation

Define known
variables

HINT

The equation to solveis:

2 2
V- = u” +2ad

1. Open the Solve aplet.

Select Sol ve
ZTHET]

The Solve aplet startsin
the Symbolic view.

2. Definethe equation.

(A V()
B (i) UGF)
® 26
Ara) A
(APrA) D (ENTER)

Sequence .
FPalar HKE
Furnct ion
MY FUMC

REZET| SORT | SEND | RECH |

OLVE SYMEOLIC WIEL
SELiWE=[]2+2£H%0

L
ENT [#CHE] = | JsHOW]EVAL |

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

equations.

3. Display the Solve numeric view screen.

NUM

OLYE MUMERIC VIE

4, Enter the values for the known variables.

27 () 78 [0
16 67 (i)
©

100 (EN7ER)

: 188
ENTER YALUE OF PREZS SOLME

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

7-2
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Solve the
unknown
variable

Plot the
equation

5. Solvefor the unknown variable (A).

E] E] SOLUE] SOLVME MUMERIC VIEW

Therefore, the acceleration 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.

The Plot view shows one graph for each member of the
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 them in
the Numeric view. The current equation is

V2 = 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 ahorizontal 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 isthe value of A where
these two lines intersect.

Plot the equation for variable A.
Select Aut o
Scal e
K -1
A: 0 E1:771.72684 [EIEEM

Solve aplet
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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

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

Displays other pages of variables, if
any.

Displays the symbolic definition of the
current expression. Prei& 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, i
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 usualy 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, pressiIZd in the Numeric
view for moreinformation. Y ou will see one of the following
three messages. Press Ef& 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 the information 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 solutions for those equationsthat have
difficult-to-find or multiple solutions.

Consider the g:quation of motion for an accelerating body:
~ et

X = vgt+ >

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 SOLVE =YMEDLIC VIEK
(ALPHA)V (X)(ALPHA)T  |2ELEnsVETEAETE 2

(APAA :
AT (] (52 ; .

[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 Plot Setup. Since we
have an equation,X = Vx T+ Ax T2/2 , the plot will
produce two graphsi 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.

SETUP'PLOT OLVE PLOT SETUP
Z -5.3 6.5
E] @5 TRMG: =1

-5 2
35 umick: YTICK: 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 tiaxis.

X E1:30 [FEN]

6. Return to the Numeric view.

NUM SOLVE MUMERIC VIE

Note: the T-valueisfilled
inwith the position of the
cursor fromthe Plot
view,

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

S0LLE] SOLVE NUMERIC VIEK

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] # SOLVE MUMERIC VIEW §

50
E[ET

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) areglobal, which means they ashared
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 u$eHiFT]CLEAR 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-variableor 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 stetistics variables.

The values computed in the Statistics aplet are saved in

variables, and many of these variables arelisted by the EEEE
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

A O 00 w

1400

920
1100
2265
2890
2200

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

Statistics aplet pressing .
Slect Stati stics
ZTHET
The Statistics aplet [EDIT | M5 | SORT | ElG [1VAks[STATS]
starts in 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 EEEIEI 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)

() tomovetothenext | poaNTERETENTENATDSHE

column

1400 920
1100 2265
2890 2200

8-2 Statistics aplet



Choose fit and
data columns

Explore
statistics

Setup plot

4.

Select afit in the Symbolic setup view.

SETUP-SYMB FEESTATISTICS SYMEOLIC SETUP S5
THOGS AMGLE MEASURE: Radians

[z] _ s1FIT: [Tl s2FIT: L inear

Sdect Li near sAFmLinear SURITLinear

k| SEFIT: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.

HEIE STATISTICS SYMEOLIC WIE
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).
MEANX 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
Thevaueis0.8995 to
four significant digits.
[k

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

(SHIFT]SETUP-PLOT BEWHE STATISTICS PLOT SETUR
57 .

(-)] 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

Thisdrawsthe
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

EMTER IMDEFEMDENT
| ECIT [+ CHE] © [  [SHOW[EVHL ]

Display the equation for the best linear fit.

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

Thefull FI T1

expressionisshown. The 1 1 [ |
slope (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:

ITA (o)

S (to highlight
St at - Two)

)@ (to highlight

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 left bottom
corner of the screen.
%:6 PREDY:2931.5 EE

Entering and editing statistical data

HINT

The Numeric view ((NUM]) is used to enter data into 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 and
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. Pre§SHIFT)CLEAR tO
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 o

key last column.

=]

8-6
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Example Y ou are measuring the height of studentsin a classroom to
find the mean height. Thefirst five students have the
following measurements 160cm, 165cm, 170cm, 175cm,

180cm.
1. Open the Statistics aplet.
Select
Statistics c= 7k
[EEZET|YEZ] Function BEE
25;5; Inferential S. .54KE
Parametric BKE
Folar BEE w
| 24 [REZET] Z0KT [ SEMD [ RECY [ETART]

2. Enter the measurement data.

160
165
170
175
180

3. Findthe mean of the
sample.

Ensure the EEiEGTE / EIETA
menu key label reads
EEIRTA. Press to
see the 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 «Hé (o] 1

press key to see HE: i

the data set definitions. Hda: 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 this window are:

Key M eaning

ECIT) 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.

EHEE 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 Deletes the 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 thefive 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

SRR STATISTICS SYMEBOLIC VIEW S5
wHi:C1

the H1 definition and e ; I—
repl ace the frequency Ha: 1 ¥
value of 1 with the name | g s S me EET

Cc2.
2
6. Return to the numeric view.

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

o EE
TGN
8t
2N
ey

1 C2 | .2 | C4

uncwne|3
umwim

[ IH: [ ZORT [ EIS [LVARR[=TATE

Statistics aplet
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8. Display the computed
statistics.
You can scroll down to
the mean. The mean | Y I I N AT
height is approximately
167.63cm.

9. Setup ahistogram plot for the data.

I3 (SHIFT)SETUP-PLOT SEMIEHE STATISTICS PLOT SETUF
i . STATPLOT: Hi=st HHIDTH: 5
Enter set up information | ¥HE: }g’a %35
appropriateto your data.  |wewe: 15@ 125
ENTER MARIMUM HISTOGRAM YALUE
[ET] | PRGEW [ | |

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. Typeanew 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 pifess).
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, préSsIFT]CLEAR Select
Al colums.

8-10 Statistics aplet



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 Income is 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 In Numeric view, make suBEETD is set.
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.
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Fit models

To define your
own fit

Eight fit models are available:

Fit model

M eaning

Li near

Logarithnmic

Exponenti al
Power

Quadratic

Cubi c

Logi stic

User Defi ned

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

Fits to alogarithmic curve,
y=mlinx+ b.

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

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

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

Fitsto alogistic curve,

y=—L
1+ae™

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.

Define your own expression (in
Symbolic view.)

A

In Numeric view, make sure EEETET i s Set.
Display the Symbolic view.

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

data set.

4. Typeinan 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.

Statistics aplet



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.

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

MAXE 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 calculafib@nd@3 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.

PCOV 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.

Statistics aplet



PIOttlng Y ou can plot:

* histogramsHIEIL)
* box-and-whisker plot<{Eia)

» 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.

To plot statistical 1. In Symbolic view (sYmB]), select EHiIH) the data sets
data you want to plot.

2. For one-variable datEEED), select the plot type in Plot
Setup (SHIFT]SETUP-PLOT). Highlight STATPLOT, press
E@E, select eitheH st ogr amor BoxWhi 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.

HINT  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:l HEHU]

(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
indicate that 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
S1:C1 Cz
Fitliz.12195121951..
w521 02 Cd
+Fit2: MEEEEENENRET
EHWTEFK UZER DEFIMED FIT
[ EOT [ CHE] 5 | [SHOK] EVAL |
=Huk
The expression ifi t 2 || 335827191781 ¥+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 chose80ORR 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 itdoes depend 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 therE2EES 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). PresEE 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 the regression 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 correcEElE or HIEET 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.

O

200k 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 displays the 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 cal cul ated
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 typePREDX 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

The Inference capabilities include calculation 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

Example data 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 9-1



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

Symbolic 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, the confidence
interval for 1 mean, based on th
Normal distribution

)

Z—Int: pq — Wy, 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, the confidence
interval for 1 mean, based on th
Student’s t—distribution

)

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

9-2
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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 aternative
hypothesis based on a quantitative comparison of two
guantities. The null hypothesisis aways that the two
quantitiesare equal.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.

Define the
inferential
method

2. Define the type of test.

o3 (v)
Z-Test: 1

Select HYPOTH TEST

u

1. Select thédypot hesi s Test inferential method.

SR INF STRT SYMEDLIC VIEW

HYPOTH TES

COMF  IHTERYAL

Chooze an infFerential Hethod

I (T T

B o
[ [ | [AMiL] 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
CHMCL | O

S INF STAT SYMEDLIC YIEW
HETHOD: HYPOTH TEST
TPE:  Z-Test: 1 p

ALT HeFoTH: [TCTTISH

Choose alternative hypothesis

Inference aplet
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Enter data

4. Enter the sample statistics and popul ation parametersthat

define the chosen test or interval.

(SHIFT]SETUP-NUM

HF STAT MUMERIC SETUP S
JEEE] n: DA

5 T = LzEET

& E W

B3

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 Samplesize

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 ELP Tests the null hypothesis that
the population HRAn 45 an assuHed
6. Toclosetheon-linehelp, [ittsrhatbe Ripminesss.
press ik Ex:: l:FdEEurundw nuHbar=s Feol 0
to 1, aenerated by a calculator,
haz a Hean of 0.HELZEE. The
Display test 7. Display thetest resultsin numeric format.
results in NUM INF sm{agumsmc VIE
. .
? bl Thetest distribution value | 7o} -3 235854
ormat and its associated St 32333458
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.
(PoT] &

] 4 F

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 rejection
region is marked <R and the test numeric results are
displayed between the horizontal axes.

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.
Select nl Cl ] G2 | Ca | C4
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. Pres4dH to close the computed statistics window.

Open 6. Open the Inference aplet and clear current settings.
Inference aplet Select

S NF STAT SYMEBOLIC YIEW E

Iﬁe{ EeEe At lH Y 'FOTH TEST
ESETIYES TFE: Z-Testi 1 p
[ZTAET) ALT HYPOTH: @

Chiese an inFarantial Hethed
[CHOD:]
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Choose 7.
inference
method and

type

Set up the 9.
interval
calculation

Import the data

10.

Choose an inference method.
CHOCE ]

Select CONF | NTERVAL
=

S INF STRT SYMEOLIC WEM
LA ONF  THTERYAL
TrE:  Z-IHT: 1

Cheesg an anFargntial Hethed

Choose a distribution statistic type.

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

YR INF STAT SYMEOLIC WIEM 3

HETHOD: COMF IMTERMAL
IR T-THT: 1 o

Chooze daztrabutaon statistaic

Set up theinterval 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] |

Import the data from the Statistics aplet. Note: The data
from C1 is displayed by default.
[mﬁl PORT ZAMPLE FTATZ
Note: If there are other B 092

; nog
columns of data in the fa: 29TE442
Satistics aplet, you could  |***"*"
select a column and press CHoOs (AHCL] OK.
ITH to see the statistics before importing theminto the
Numeric Setup view. Also, if there is more than one apl et
based on the Satistics aplet, you are prompted to choose
one.

K]

£tat iHpoert data coluln

INF_STHT MUMERIC SETUP S
[==}=]

sx . ZOTE442S4EES
n: &
¢ .99

SAHpLE HEAn

Inference aplet
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Display
Numeric view

Display Plot
view

11.

12.

13.

Specify a90% confidenceinterval inthe C. field.

(v] (v] (v] to moveto the
C field su: . 2T ERA4ZRAGAT

0.9 (ENTER] "d

[

F_STAT MUMERIC 3ETUP S
Sz

SQHp Le H2an

Display the confidence interval in the Numeric view.
Note: Theinterval setting is 0.5.

NUM

MF ZTAT MUMERIC WIEK &
= 9

Critical T2, 015048
uorin =, 3469314
uonax =, BEFELEE

Display the confidence interval in the Plot view.

N

-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
(CI) 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 the validity 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: 1u

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# Hg
The inputs are:
Field name Definition
X Sample mean.
n Sample size.
Ho Hypothetical population mean.
(o] Population standard deviation.
a Significance level.

Inference aplet
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Results The results are:

Result Description
TestZ Z—test statistic.
Prob Probability associated with the

Z-Test statistic.

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

Critical X 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 eqdg! {1, = ).

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

Hitly <Ky
Hitg > Wy
Hitg # 1y
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 Hymt = 1,

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

Hym<m,
Hy >,
H iz,

The inputs are:

Field name Definition

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

i Population proportion of successes.

a Significance level.

Inference aplet



Results The results are:

Result Description

Test P Proportion of successes in the sample.

TestZ Z-Test statistic.

Prob Probability associated with the Z-Test
statistic.

Critical Z 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= ).

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.
[of 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.

TestZ 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: 1u

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:)

Hitn<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 —p2

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: (11 = pp).

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

Hitlg <H,
Hitgg >,
Hitkg # 1
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Inputs

Results

Theinputs are:

Field name | Definition

%1 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.
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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 fau, the true mean of a population, when

the true population standard deviationjs known.

Inputs The inputs are:
Field name | Definition
X Sample mean.

o

n

C

Population standard deviation.

Sample size.

Confidence level.

Results The results are:

Result

Description

Critical Z

K min

W max

Critical value for Z.

Lower bound fop.

Upper bound fou.
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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, andoy,, 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.
AP Min Lower bound foiuy — .
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.
TtMin Lower bound forrt
TtMax Upper bound fort
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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 deviatias,

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 fop.
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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 foiuy — po.

A p Max Upper bound fopt; — po.
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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 functions on theleft, thereisalist of function names on the
right. The highlighted category is the current category.

T s
& MATH FUMCTIONZ

FEEYE & | 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.
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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). USe] 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

Complex
numbers

Constant

Hyperbolic trig .

Lists

Loop
Matrices
Polynomial

Probability

Real-numbers

Stat—-Two
(Two—variable
statistics)

Symbolic
Tests

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, all 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.

AND For a description, see “AND” on
page 10-21.

(SHIFT)! For a description, see “I" on
page 10-13.

3 For a description, see “S” on
page 10-11.

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.

Using mathematical functions
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Keyboard functions

+),60.6.0

ErTeX

rT)10¢

(SNJ, (COs), (TAN)

Themost frequently used functionsare availabledirectly from
the keyboard. Many of the keyboard functions al so 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).

10-4
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[SHIFT)ASIN

SFT)ACOS

SHIFT |ATAN

Y

Arc sine: sin~x. Output range is from —90° to 90°w2 to
12, 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: casx. Output range is from 0° to 180°, Ortpor

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: tan'x. Output range is from —90° to 9032 to
102, 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 nhumbers.
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™ power

Example

2"8 returns 256

(SHIFT]ABS Absolute value. For acomplex number, thisis v X+ y2 .
ABS(value)
ABS((x, y))
Example

ABS(-1) returns 1
ABS( (1, 2)) returns 2. 2360679775

n Takes theth root ofx.
root NTHROOT value
Example

3 NTHROOT 8 returns 2
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Calculus functions

TAYLOR

The symbols for differentiation and integration are available
directly form the keyboard-4/dx) and/ respectively—as
well as from the MATH menu.

Differentiatesexpression with respect to theariable of
differentiation. From the command line, use a formal name
(S1, etc.) for a non-numeric result. See “Finding derivatives”
on page 10-23.

dvariable(expression)
Example

9s1(s1%+3*s1) returns2*s1+3

Integratesexpression from lower to upper limits with respect

to thevariable of integration. To find the definite integral,

both limits must have numeric values (that is, be numbers or
real variables). To find the indefinite integral, one of the limits
must be a formal variable (s1, etc.).

[ (lower,upper,expression,variable)

See “Using formal variables” on page 10-22 for further
details.

Example

(0, s1, 2*X+3, X) (ENTER) (a |EIZE finds the
indefinite resulB* s1+2* (s172/ 2)

See “To find the indefinite integral using formal
variables” on page 10-25 for more information on
finding indefinite integrals.

Calculates thath order Taylor polynomial afxpression at
the point where the giverariable = 0.

TAYLOR(expression,variable,n)
Example
TAYLOR(1 + sin(s1)?, s1, 5)with Radians angle

measure and Fraction number format (set in MODES)
returns 1+s172- 1/ 3*s1/4.

Using mathematical functions
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Complex number functions

These functions are for complex numbers only. Y ou can aso
use complex numbers with all trigonometric and hyperbolic
functions, and with some real-number and keyboard
functions. Enter complex numbers in the form (x,y), where x
isthe real part and y isthe imaginary part.

ARG Argument. Finds the angle defined by a complex number.
Inputs and outputs use the current angle format set in Modes.
ARG((xY))
Example
ARG (3, 3)) returns 45 (Degrees mode)
CONJ Complex conjugate. Conjugation is the negation (sign
reversal) of the imaginary part of a complex number.
CONI((x.y))
Example
CONJ((3,4)) returns (3,-4)
M Imaginary part, y, of acomplex number, (X,y).
I'M ((xy))
Example
IM(3,4)) returns 4
RE Redl part x, of acomplex number, (X,y).
RE((x.Y))
Example
RE((3,4)) returns 3
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Constants

MAXREAL

MINREAL

The HP 39G/40G has an internal numeric representation for
these constants.

Natural logarithm base. Internally represented as
2.71828182846.

e

Imaginary value for V-1, the complex number (0,1).
i

Maximum real number. Internally represented as
9.99999999999 x 10%9%°.

MAXREAL

Minimum real number. Internally represented as 1 x 10_499.
MINREAL

Internally represented as 3.14159265359.
11

Hyperbolic trigonometry

ACOSH

ASINH

ATANH

COSH

SINH

TANH

The hyperbolic trigonometry functions can al so take complex
numbers as arguments.

Inverse hyperbolic cosine: cosh™x.
ACOSH(value)

Inverse hyperbolic sine: sinh™x.
ASI NH(value)

Inverse hyperbolic tangent : tanh™x.
ATANH(value)

Hyperbolic cosine
COSH(value)

Hyperbolic sine.
S| NH(value)

Hyperbolic tangent.
TANH(value)

Using mathematical functions
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ALOG

EXP

EXPM1

LNP1

List functions

Antilogarithm (exponential). Thisis more accurate than
107 x dueto limitations of the power function.

ALOG(value)

Natural exponential. Thisis more accurate than € dueto
limitations of the power function.

EXP(value)

Exponent minus1: 1. This is more accurate than EXP
whenx is close to zero.

EXPML (val ue)

Natural log plus 1 : In¢+1). This is more accurate than the
natural logarithm function whenis close to zero.

LNP1(value)

These functions work on list data. See “List functions” on
page 13-7.
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Loop functions

The loop functions display aresult after evaluating an
expression a given number of times.

ITERATE Repeatedly for #times evaluates an expression in terms of
variable. Thevaluefor variableisupdated each time, starting
with initialvalue.

| TERATE( expression, variable, initialvalue,
#times)

Example

| TERATE( X?, X, 2, 3) returns 256

RECURSE Provides a method of defining a sequence without using the
Symbolic view of the Sequence aplet. If used with | (“where”),
RECURSE will step through the evaluation.

RECURSE( sequencename, termen, terml, term?2)
Example

RECURSE( U, U(N-1) *N, 1, 2) UL(N)
Stores a factorial—calculating function named U1.

When you ente1( 5) , for example, the function
calculates! (120).

> Summation. Finds the sum efpression with respect to
variable from initialvalue to finalvalue.

> ( variable=initialvalue, finalvalue, expression)

Example

$(C=1, 5, C?) returns 55.

Matrix functions

These functions are for matrix data stored in matrix variables.
See “Matrix functions and commands” on page 12-9.
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Polynomial functions

Polynomials are products of constants (coefficients) and
variables raised to powers (terms).

POLYCOEF Polynomial coefficients. Returns the coefficients of the
polynomial with the specified roots.
POLYCCEF ([roots])
Example
To find the polynomial with roots 2, -3, 4, -5:
POLYCCEF([2,-3,4,-5]) retung 1, 2, - 25,
- 26, 120] , representing*+2x°—25¢—26x+120.
POLYEVAL Polynomial evaluation. Evaluates a polynomial with the
specifiedcoefficients for thevalue of x.
POLYEVAL( [ coefficients] , value)
Example
For x*+2x°-25¢—26x+120:
POLYEVAL([ 1, 2, - 25, - 26, 120], 8) returns
3432.
POLYFORM Polynomial form. Creates a polynomiahariablel from
expression.
POLYFORM expression,variablel)
Example
POLYFORM ( X+1) A2+1, X) returnsX”2+2* X+2.
POLYROOT Polynomial roots. Returns the roots for te-order
polynomial with the specified+1 coefficients.
POL YROOT ([coefficients])
Example
For x*+2x°-25¢—26x+120:
POLYROOT([ 1, 2, - 25, - 26, 120] ) returns
[2,-3,4,-5].
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HINT

The results of POLYROOT will often not be easily seenin
HOM E due to the number of decimal places, especialy if they
are complex numbers. It is better to store the results of
POLYROOT to a matrix.

For example, POLYROOT( [ 1, O, O, - 8] ML will store
the three complex cube roots of 8 to matrix M1 as a complex
vector. Then you can see them easily by going to the Matrix
Catalog. and access them individualy in calculations by
referring to M1(1), M1(2) etc.

Probability functions

COMB

PERM

RANDOM

Number of combinations (without regard to order) of nthings
teken r at atime: nl/(r!(n-r)).

COVB(n, r)
Example

COMB( 5, 2) returns 10. That is, there are ten different
ways that five things can be combined two at atime.

Factorial of apositive integer. For non-integers, ! = (x + 1).
This calculates the gamma function.

value!

Number of permutations (with regard to order) of n things
takenr at atime: n!/ (n-r)!.
PERM(n, 1)

Example

PERM 5, 2) returns 20. That is, there are 20 different
permutations of five things taken two at atime.

Random number (between zero and 1). Produced by a pseudo-
random number sequence. The algorithm used in the

RANDOM function uses a “seed” number to begin its
sequence. To ensure that two calculators must produce
different results for the RANDOM function, use the
RANDSEED function to seed different starting values before
using RANDOM to produce the numbers.

RANDCM

Using mathematical functions
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UTPC

UTPF

UTPN

UTPT

HINT

The setting of Time will be different for each calculator, so
using RANDSEED(Time) is guaranteed to produce a set of
numberswhich areas closetorandom aspossible. Y ou can set
the seed using the command RANDSEED.

Upper-Tail Chi-Squared Probability given degrees of
freedom, evaluated at value. Returns the probability that a)(2
random variable is greater than value.

UTPC(degrees,value)

Upper-Tail Snedecor’s F Probability giveamerator
degrees of freedom amlgnominator degrees of freedom (of
the F distribution), evaluatedatiue. Returns the probability
that a Snedecor's F random variable is greateniian.

UT PF(numerator,denominator,val ue)

Upper-Tail Normal Probability givemean andvariance,
evaluated avalue. Returns the probability that a normal
random variable is greater thea ue for a normal
distribution.Note: The variance isthe square of the standard
deviation.

UTPN(mean,variance,value)
Upper-Tail Student’s t-Probability givelegrees of freedom,

evaluated atalue. Returns the probability that the Student's t-
random variable is greater thealue.

UTPT (degrees,value)

10-14
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Real-number functions

CEILING

DEG - RAD

FLOOR

FNROOT

FRAC

Some real -number functions can also take complex
arguments.

Smallest integer greater than or equal to value.
CEI LI NG(value)

Examples
CEl LI N&( 3. 2) returns 4
CEl LI N& - 3. 2) returns -3

Degreesto radians. Converts value from Degrees angle
format to Radians angle format.

DEG-, RAD(value)

Example
DEG- RAD( 180) returns 3. 14159265359, the
value of Tt

Greatest integer less than or equal to value.
FLOOR(value)

Example
FLOOR(-3.2) returns -4
Function root-finder (likethe Solve aplet). Findsthe vauefor

the given variable at which expression most nearly evaluates
to zero. Uses guess asinitial estimate.

FNROOT (expression, variable, guess)
Example

FNROOT( Mr9. 8/ 600-1, M 1) returns
61. 2244897959.

Fractiona part.
FRAC(value)
Example

FRAC (23. 2) returns . 2

Using mathematical functions
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HMS -

—HMS

INT

MANT

MAX

MIN

Hours-minutes-seconds to decimal . Converts a number or
expressionin H.MMSSsformat (time or anglethat caninclude
fractions of a second) to x.x format (number of hours or
degrees with adecimal fraction).

HVS - (H.MMSSs)
Example

HVS - (8. 30) returns 8.5
Decimal to hours-minutes-seconds. Converts a number or
expression in x.x format (number of hours or degrees with a

decimal fraction) to H.MMSSs format (time or angle up to
fractions of a second).

- HVB(x.X)
Example
-HWVS(8.5) returns 8. 3
Integer part.
I NT(value)
Example
I NT(23.2) returns 23
Mantissa (significant digits) of value.
MANT (val ue)
Example
MANT(21. 2E34) returns 2. 12
Maximum. The greater of two values.
MAX(valuel, value2)
Example
MAX( 210, 25) returns 210
Minimum. The lesser of two values.
M N(valuel, value2)
Example
M N(210, 25) returns25

10-16
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MOD

%

%CHANGE

%TOTAL

RAD - DEG

ROUND

Modulo. The remainder of valuel/value2.
valuel MOD value2

Example

9 MOD 4 returns 1

X percent of y; that is, X/100*y.
%( X, Y)
Example

%( 20, 50) returns 10

Percent change from x to y, that is, 200(y—X/x.
Y%CHANGE(X, Y)

Example

%CHANGE( 20, 50) returns 150

Percent total : (100)y/x. What percentage of xisy.
%TOTAL(X, Y)

Example

%TOTAL( 20, 50) returns 250

Radians to degrees. Converts valuefrom radians to degrees.
RAD - DEG (valug

Example

RAD- DEGQ(m) returns 180

Rounds valueto decimal places Accepts complex numbers.
ROUND(valug placeg

Round can also round to a number of significant digits as
showed in example 2.

Examples
ROUND( 7. 8676, 2) returns 7. 68
ROUND (0.0036757, -3) returns 0. 00368
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SIGN Sign of value. If positive, the result is 1. If negative, -1. If
zero, result is zero. For a complex humber, this is the unit
vector in the direction of the number.

S| GN\(value)
SI GN((x.y))

Examples
SIGN (-2) returns -1
SIGN((3,4)) returns (.6,.8)

TRUNCATE Truncates value to decimal places. Accepts complex
numbers.

TRUNCATHEvalue, places)
Example
TRUNCATE(2.3678,2)  returns 2.36
XPON Exponent of value.
XPONvalue)
Example

XPON(123.4) returns2

Statistics-Two

These are functions for use with two-variable statistics. See
“Two-variable” on page 8-14.
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Symbolic functions

= (equals)

ISOLATE

LINEAR?

QUAD

The symbolic functions are used for symbolic manipulations
of expressions. The variables can be formal or numeric, but

theresultisusually in symbolic form (not anumber). Y ou will
find the symbolsfor the symbolic functions=and | (where) in
the CHARS menu ([SHIFT]CHARS) aswell asthe MATH menu.

Sets an equality for an equation. Thisisnot alogical operator
and does not store values. (See “Test functions” on page 10-
20.)

expressionl=expression2

Isolates the first occurrence wdriable in expression=0 and
returns a new expression, wheeeiable= newexpression.
The result is a general solution that represents multiple
solutions by including the (formal) variablgkto represent
any sign anchl to represent any integer.

| SOLATE( expression, variable)
Examples

| SOLATE( 2* X+8, X) returns -4
| SOLATE( A+B* X/ C, X) returns - ( A*C/ B)

Tests whetheexpression is linear for the specifiedariable.
Returns0 (false) orl (true).

L1 NEAR?( expression, variable)
Example
LI NEAR?(( X"2-1)/ (X+1), X) returns O

Solves quadratiexpression=0 for variable and returns a new
expression, whereariable=newexpression. The result is a
general solution that represents both positive and negative
solutions by including the formal variat to represent any
sign: + or —.

QUAD( expression, variable)
Example

QUAD( ( X-1)2-7, X) returns
(2+s1*5. 29150262213) / 2

Using mathematical functions
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QUOTE

| (where)

Test functions

Encloses an expression that should not be evaluated
numericaly.

QUOTE( expression)
Examples

QUOTE( SI N(45) ) EETEF1( X) storesthe expression
SIN(45) rather than the value of SIN(45).

Another method is to enclose the expression in single
quotes.

For example, X*3+2* X F1(X) putsthe
expression X*3_2*X into F1(X) in the Function aplet.

Evaluates expression where each given variable is set to the
given value. Defines numeric evaluation of asymbolic
expression.

expression|(variablel=valuel, variable2=value2,...)
Example
3*(X+1)| (X=3) returns 12.

The test functions are logical operators that aways return
either a1 (true) or a0 (false).

< Lessthan. Returns 1 if true, O if false.
valuel<value2

< Lessthan or equal to. Returns 1 if true, O if false.
valuelsvalue2

== Equals (logical test). Returns 1if true, 0if false.
valuel==value2

# Not equal to. Returns 1if true, O if false.
valuel#value2

> Greater than. Returns 1if true, O if false.
valuel>value2

> Greater than or equal to. Returns 1if true, O if false.
valuel>value2
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AND

IFTE

NOT

OR

XOR

Compares valuel and value2. Returns 1 if they are both non-
zero, otherwise returns 0.

valuel AND value2

If expression istrue, do the trueclause; if not, do the
falseclause.

| FTE( expression, trueclause, falseclause)
Example
IFTE(X>0,X2,X3)
Returns 1 if valueis zero, otherwise returns 0.
NOT value

Returns 1 if either valuel or value2 is non-zero, otherwise
returns 0.

valuel OR value2

Exclusive OR. Returns 1 if either valuel or value2—but not
both of them—is non-zero, otherwise returns 0.

valuel XOR value2

Trigonometry functions

ACOT

ACSC

ASEC

CoT

CsC

SEC

The trigonometry functions can also take complex numbers as
arguments. For SIN, COS, TAN, ASIN, ACOS, and ATAN,
see the Keyboard category.
Arc cotangent.

ACOT (value)

Arc cosecant.
ACSC(value)

Arc secant.
ASEC(value)

Cotangent: cogsinx.
COT (value)

Cosecant: 1/si
CSC(value)

Secant: 1/cos
SEC(value)
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Symbolic calculations

In HOME

Using formal
variables

Symbolic
calculations in
the Function
aplet

The HP 39G/40G has the ability to perform symbolic
calculations, for example, symbolic integration and
differentiation. Y ou can perform symbolic calculationsin
HOME and in the Function aplet.

When you perform cal cul ationsthat contain normal variables,
the calculator substitutes values for any variables. For
example, if you enter A+B on the command line and press

, the calculator retrieves the values for A and B from
memory and substitutes them in the calculation.

To perform symbolic calculations, for example symbolic
differentiations and integrations, you need to use formal
names. The HP 39G/40G has six formal names available for
use in symbolic calculations. These are SO to S5. When you
perform a cal culation that contains a formal name, the

HP 39G/40G does not carry out any substitutions.

Y ou can mix formal names and real variables. Evaluating
( A+B+S1) 2 will evaluate A+B, but not S1.

If you need to evaluate an expression that contains formal
names numerically, you use the | (where) command, listed in
the Math menu under the Symbolic category.

For example to evaluate ( S1* S2) 2 when S1=2 and
S2=4, you would enter the calculation as follows:

EARAD] FUNCTION

(S1#5202 | (51=2,52=4)
&4

(The | symbol isin the CHARS menu: press CHARS.
The=signislisted in the MATH menu under Symbolic
functions.)

You can perform symbolic operations in the Function aplet’s
Symbolic view. For example, to find the derivative of a
function in the Function aplet’s Symbolic view, you define
two functions and define the second function as a derivative
of the first function. You then evaluate the second function.
See “To find derivatives in the Function aplet’'s Symbolic
view” on page 10-24 for an example.
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Finding derivatives

The HP 39G/40G can perform symbolic differentiation on
some functions. Thereare two ways of using the HP 39G/40G
to find derivatives.

* You can perform differentiations in HOME by using the
formal variables, S1 to S5.

* You can perform differentiations of functions of X in the
Function aplet.

To find To find the derivative of the function in HOME, use a formal
derivatives in variable in place of X. If you use X, the differentiation
HOME function substitutes the value that X holds, and returns a

numeric result.
For example, consider the function:
dx(sin(x?) + 2cos(x))

1. Enter the differentiation function onto the command line,
substituting S1 in place of X.

@) (AFiA) S1
[0 5N (ara) S1
(0 & 20

[€03) () S1
D0

2. Evaluate the function.

A51CSIHCS120+22C05(51.,
COSCS12o%c285]1 0+2%-51.

(zroef | ] | | |

3. Show the result.
(a) EE=

coslsi®esi+z-sies1) | coslsi®es1-25IHS)

HP 40G
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To find
derivatives in the
Function aplet’s
Symbolic view

To find the derivative of the function in the Function aplet’s
Symbolic view, you define two functions and define the
second function as a derivative of the first function. For
example, to differentiatein(xz) + 2cosx

1. Access the Function aplet’s Symbolic view and define
F1.

(symB] [SINJE(x2] D] (GE3EEE FUNCTION, SYMEOLIC VIEW S0

=! g
w-:xnsm':x 3+ 2L,
(cos)HE())ma F2(x)=
Fdiwi=
FSiri= ]
2. Define F2(X) as the (GEEE FUNCTION SYMEOLIC VIEW S0
derivative of F(1). wF1¢H=5IN (R 1 +2%00.,
B () (ALPHA)
F1[0 B0J0) hd
ms
3. Select F2(X) and (58 FUNCTION SYMEOLIC VIEW G000
evaluate it. ¢ = : .
(a)EEE Fdcii=
FSiii= v

4. Pres&HE to display the result. (Use the arrow keys to

view the entire function.)
S H]

Fai=cosxlaxrz—s TN FE(xJ=cns[xE]-2-x—2-sxﬂ
I ———

HP 39G HP 40G

You could also just define
F1(x)= dx(sin(xz) +2c0s(x)) .
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To find the
indefinite integral
using formal
variables

HINT

For example, to find the indefinite integral of
2
I 3x" —5dx use:

J(o.s1, 3X?-5,X)

1. Enter the function.

(SHIFT) (d7dx] O]
FOBy 51, BEHE-S, N
(ALPHA)S1 (] 3 A SR
(ALPHA]X (2] (] 5
I I — —

(ALPHA] X 0] (ENTER]

If the Decimal Mark setting in the Modes input form
((sHIFTJMODES)is set to Comma, use (-] instead of [,].

2. Show the result format.

(a)
EHOLE

3. PressE= to closethe
show window.

4. Copy theresult and evaluate.
I

ETRAr] UMCTION PARAD)
JEH, 51, FxE2-5, ) =] B
—DERFIECRTICD AN CEI D La - SERFIRCENSSSSAREOE Y Y
—SERFIECRTIOTARNCEIN W - SERFIRCHNSSSSAEE Y Y
- CS%51 2 +3x 051330 -S#51+3% 051330
I I N

HP 39G HP 40G

Thus, substituting X for S1, it can be seen that:

0 >_<? 0
2 g3 0o
J'Sx —5dx= —5x+ 30——0

09 (x\O
DTX(X)D

This result derives from substituting X=S1 and X=0 into the
original expression found in step 1. However, substituting
X=0 will not always evaluate to zero and may result in an

unwanted constant. ]
To seethis, consider: J’(x_ 2)*dx= (%)_

Using mathematical functions
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The ‘extra’ constant of 6.4

results from the substitution {éaé?%ixﬁjﬁixh e

. -2 Cd+1 0 +1 3% 3H..,
of x = 0 into k—2)/5, TP M LTI I E iy
and should be disregarded i (S1-22"0-0+6. 9
ananeflnltelntegral is _____J
required.
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Variables and memory management

Introduction

The HP 39G/40G has approximately 232K of user memory.
The calculator uses this memory to store variables, perform
computation, and store history.

A variableisan object that you create in memory to hold data.
The HP 39G/40G has two types of variables, home variables

and

aplet variables.

Home variables are available in all aplets. For example,
you can store real numbers in variables A to Z and
complex numbers in variables Z0 to Z9. These can be
numbers you have entered, or the results of calculations.
These variables are available within all aplets and within
any programs.

Aplet variables apply only to a single aplet. Aplets have
specific variables allocated to them which vary from
aplet to aplet.

You use the calculator’'s memory to store the following
objects:

copies of aplets with specific configurations
new aplets that you download

aplet variables

home variables

variables created through a catalog or editor, for example
a matrix or a text note

programs that you create.

You can use the Memory Manag@s-iFTJMEMORY) to view

the
are

amount of memory available. The catalog views, which
accessible via the Memory Manager, can be used to

transfer variables such as lists or matrices between
calculators.

Variables and memory management
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Storing and recalling variables

Numeric
Precision

To store avalue

Y ou can store numbers or expressions from a previous input
or result into variables.

A number stored in avariable is always stored as a 12-digit
mantissawith a 3-digit exponent. Numeric precision in the
display, however, depends on the display mode (Standard,
Fixed, Scientific, Engineering, or Fraction). A displayed
number has only the precision that is displayed. If you copy it
from the HOME view display history, you obtain only the
precision displayed, not the full internal precision. On the
other hand, the variable Ans always contains the most recent
result to full precision.

1. Onthecommand line, A
enter the value or the
calculation for the result
you wish to store.
Press EZiliEZ
Enter aname for the
variable.
SkE
4. Press [ENTER]. 5
izt ] 1 [ [ [ |
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To store the
results of a
calculation

To recall avalue

If the value you want to store isin the HOME view display
history, for example the results of a previous calculation, you
need to copy it to the command line, then storeit.

1. Perform the calculation for the result you want to store.

30860 )3

Move the highlight to the result you wish to store.
Press EEEEE to copy the result to the command line.
PressEEEd3.

Enter a name for the variable.

() EER s
A

a > w DN

SE(EEET
331776
1ok |

6. Press to store the resullt.

The results of a calculation can aso be stored directly to a
variable. For example:

205330
BT (ALPFiA) B (ENTER)

2" (S5-20E
2. 174268218394

To recall a variable’s value, type the name of the variable and

presS{ENTER).
A [ENTER)

FUNCTID

331776
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To use variables Y ou can use variablesin calculations. The calcul ator

in calculations substitutes the variable’s value in the calculation:
65 (=) (ALPHA)A e

331241

{m--_d

The VARS menu

You use the VARS menu to access all variables in the
calculator. The VARS menu is organised by category. For
each variable category in the left column, there is a list of
variables in the right column. You select a variable category
and then select a variable in the category.

1. Open the VARS menu.

2. Use the arrow keys or press the alpha key of the first
letter in the category to select a variable category.

For example, to select
the Matrix category,

press))].
Note: In thisinstance,

thereisno need to press
the ALPHA key.

FProaram v M4
HOM m|APLET|MAM s|VALUE[CANIL | DK

3. Move the highlight to the variables column.

&)

4. Use the arrow keys to select the variable that you want.
For example, to select the M2 variable, prees

K2
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5. Choose whether to place the variable name or the
variable value on the command line.

— PresdlEIETE to indicate that you want the variable’s
contents to appear on the command line.

— Pres$&LiEE to indicate that you want the variable’s
name to appear on the command line.

6. PresdiH to place the value or name on the command
line. The selected object appears on the command line.

K]

s ----d

Note: The VARS menu can also be used to enter the
names or values of variablesinto programs.

Example This example demonstrates how to use the VARS menu to add
the contents of two list variables, and to store the result in
another list variable.

1. Display the List catalog.

[SHIFT)LIST
toselect L1
EDIT

2. Enter the data for L1.

88HHH 90ELE 89EH
65HF 70ERE

JECT M [ [ | [ |
3. Return to the List Catalog to create L2.

[SHIFTJLIST

(v) toselect L2 Lsize s
EDIT =

[£]
[E]
A
5]

JEpIT] |  [SEMDJRECY] |
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Enter datafor L2.

55 5 48 = 86 S
90 s 77 EiE

Press to access HOME.
Open the variable menu and select L1.

(vars) (MW (v](>]

Copy it to the command line. Note: Because the EITEI3
option is highlighted, the variable’s name, rather than its
contents, is copied to the command .line

EE

Insert the + operator and select the L2 variable from the
List variables.

DOO® @

L1+ 2

Store the answer in the List catalog L3 variable.
BITI(ALPHA)LS (ENTER]

L1+L2kLE
£1432,128,175, 155, 1472

Note: You can also type

list names directly from the keyboard.
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Home It is not possible to store data of onetypein avariable of

variables another type. For example, you use the Matrix catalog to
create matrices. Y ou can create up to ten matrices, and you
can store these in variables MO to M9. Y ou cannot store
meatrices in variables other than MO to M9.

Category

Available names

Complex

Graphic

Library

List

Matrix

Modes

Notepad
Program

Real

Z0to 29

For example, (1,2) EiEE Z0 or 2+3i EE3
Z1. You can enter a complex number by
typing (r,i), wherer represents the real part,
and i represents the imaginary part.

GOto G9

See “Graphic commands” on page 15-20 for

more information on storing graphic objec
via programming commands. See “To sto
into a graphics variable” on page 14-5 for
more information on storing graphic objec
via the sketch view.

Aplet library variables can store aplets tha
you have created, either by saving a copy
a standard aplet, or downloading an aplet
from another source.

LOto L9
For example, {1,2,3&EEL1.

MO to M9 can store matrices or vectors.
For example, [[1,2],[3,4EEEE MO.

Modes variables store the modes settings
you can configure usinHIFT]MODES.

Notepad variables store notes.
Program variables store programs.

Ato Z and.
For example, 7. 4EEETI A,

Variables and memory management
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Aplet variables  Aplet variables store values that are unique to a particular
aplet. These include symbolic expressions and equations (see
below), settings for the Plot and Numeric views, and the
results of some calculations such as roots and intersections.
See the Reference Information chapter for more information

about aplet variables.
Category Available names
Function FO to F9 (Symbolic view). See “Functior

aplet variables” on page R-9.

Parametric X0, YO to X9, Y9 (Symbolic view). See
“Parametric aplet variables” on page R-10.

Polar RO to R9 (Symbolic view). See “Polar
aplet variables” on page R-11.

Sequence U0 to U9 (Symbolic view). See “Sequence
aplet variables” on page R-12.

Solve EO to E9 (Symbolic view). See “Solve
aplet variables” on page R-13.
Statistics CO to C9 (Numeric view). See “Statistigs

aplet variables” on page R-14.

To access an 1. Open the aplet that contains the variable you want to
aplet variable recall.

Press to display the VARS menu.

Usethearrow keysto select avariable category in the left
column, then press (»] to access the variablesin theright
column.

4. Usethe arrow keysto select avariablein the right
column.

5. To copy the name of the variable onto the edit line, press
EE. (ELEED is the default setting.)

6. To copy the value of the FURCTION
variableinto the edit line,
pressEEIETS and press
GE.
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Memory Manager

Y ou can usethe Memory Manager to determine the amount of
available memory on the calculator. Y ou can aso use
Memory Manager to organize memory. For example, if the
available memory islow, you can use the Memory Manager
to determinewhich aplets or variables consumelarge amounts
of memory. Y ou can make deletions to free up memory.

Example 1. Start the Memory Manager. A list of variable categories
is displayed.
MEMORY FMEMORY MHNGER

: Aple LEKE <1%

Free memory is Frograms . 1KB <1X%
. ) . Motes BKE <1%
displayedinthetopright  |patrices GKE <1%
corner and the body of Lists « 1EE <1%

the screen lists each

category, the memory it uses, and the percentage of the
total memory it uses.

2. Select the category with which you want to work and
press EEEL Memory Manager displays memory details
of variables within the category.

(v] (v] (v]) HEEE

MATRIE CATALDG 5 EFEE
1 KEAL MATRIX

MZ 141 KEAL MATRIX OKE
M2 141 KEAL MATRIY UKE
M4 1%1 REAL MATRI IKE
M5 141 KEAL MATRIX UKE

[ EDIT [WE [ [SEND | KECY |

3. Todelete variablesin a category:
— PresqDtL] to delete the selected variable.

— Press(sHIFT)CLEAR to delete all variables in the
selected category.
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Matrices

12

Introduction

Vectors

Matrices

Matrix Variables

Y ou can perform matrix calculationsin HOME and in
programs. The matrix and each row of a matrix appear in
brackets, and the el ements and rows are separated by commas.
For example, the following matrix:

123

456
is displayed in the history as:
[[1.2.3],[4.,56]]

(If the Decimal Mark in MODES s set to Comma, then the
row separators are periods.)

Y ou can enter matricesdirectly in thecommand line, or create
them in the matrix editor.

Vectors are one-dimensiona arrays. They are composed of
just onerow. A vector is represented with single brackets; for
example, [1,2,3]. A vector can be areal number vector or a
complex number vector, for example [(1,2), (7,3)].

Matrices are two-dimensional arrays. They are composed of
more than one row and more than one column. Two-
dimensional matrices are represented with nested brackets;
for example, [[1,2,3],[4,5,6]]. Y ou can create complex
matrices, for example, [[(1,2), (3,4)], [(4.5), (6,7)]]-

There are ten matrix variables available, named MO to M9.
Y ou can use them in calculations in HOME or in a program.
Y ou can retrieve the matrix names from the VARS menu, or
just type their names from the keyboard.

Matrices
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Creating and storing matrices

Matrix Catalog
keys

Y ou can create, edit, delete,
send, and receive matricesin

MATEKIY CATALDG 5 EEMIEE
1Rl REAL MATRIR OKE
[ilZ 2843 REAL MATRIX

the Matrix catalog. MZ L1 REAL MATRIY
Mg 1¥1 REAL MATRIX OKE
To openthe Matrix catalog, | 141 REAL MATRIX BRE ¥

[EDIT [WEW [ [sEND [ RECH]
press MATRIX.

You can also create and store matrices—named or
unnamed—-in HOME. For example, the command:

POLYROOT([1,0,-1,0) M1

stores the root of the complex vector of length 3 into the M1
variable. M1 now contains the three roots of
X =x=0

The table below lists the operations of the menu keys in the
Matrix Catalog, as well as the use of Deléte(]) and Clear

(GFTICLEAR).

Key M eaning

ECIT) Opens the highlighted matrix for
editing.

HEH] Prompts for a matrix type, then opens
an empty matrix with the highlighted
name.

HIW Transmits the highlighted matrix to

another HP 39G/40G or a disk drive
See “Sending and receiving aplets” on
page 16-5.

Receives a matrix from another
HP 39G/40G or a disk drive. See
“Sending and receiving aplets” on
page 16-5.

DEL Clears the highlighted matrix.
(SHIFT)CLEAR Clears all matrices.

(v] or | Moves to the end or the beginning of
(a) the catalog.
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To createamatrix 1. Press [SHIFT]MATRIX to open the Matrix catalog. The

in the matrix Matrix catalog liststhe 10 available matrix variables, MO
catalog to M9.
2. Highlight the matrix variable name you want to use and
press EIEEL

3. Select the type of matrix to create.

— For avector (one-dimensional array), seleciReal
vect or orConpl ex vect or. Certain operations
(+, -, CROSS) do not recognize a one-dimensional
matrix as a vector, so this selection is important.

— For amatrix (two-dimensional array), selecReal
matri x orConpl ex matri X.
4. For each element in the matrix, type a number or an
expression, and preggNTeRr]. (The expression may not
contain symbolic variable names.)

For complex numbers, enter each number in complex
form; that is, §, b), wherea is the real part anldis the
imaginary part. You must include the parentheses and the
comma.

5. Use the cursor keys to move to a different row or column.
You can change the direction of the highlight bar by
pressindgel. ThelEd menu key toggles between the
following three options:

- specifies that the cursor moves to the cell
below the current cell when you pressTeR].

— [EHE3 specifies that the cursor moves to the cell to the
right of the current cell when you preSsiTeR].

— [ specifies that the cursor stays in the current cell
when you pres§NTER].

6. When done, pre§SHIFT]MATRIX to see the Matrix
catalog, or pres$§HOME] to return to HOME. The matrix
entries are automatically stored.

ATRIX CATALOG 3 EENTRE
1 1¥1 REAL HMATRIX
M2 2843 KEAL MATEIY
M3 1L RKEAL MATEIX
Mg 141 RKEAL MATEIY OKE
MS 141 RKEAL MATRIY OKE ¥

[ECIT JHEW [ [SEND[RECY] |

[EMT [ INE | GO+ [ BIG [ | |

A matrix is listed with two dimensions, even if it is 3x1. A
vector is listed with the number of elements, such as 3.
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To transmit a Y ou can send matrices between calculators just as you can
matrix send aplets, programs, lists, and notes.

Pres&3H.

a r 0o n e

Matrices can also be transmitted to or from a computer a cable

Align the HP 39G calculators’ infrared ports.
Open the Matrix catalogs on both calculators.
Highlight the matrix to send.

Pres&i=E=1 on the receiving calculator.

and Connectivity Kit.

Working with matrices

To edit a matrix In the Matrix catalog, highlight the name of the matrix you
want to edit and pre&HiE:.

Matrix edit keys The following table lists the matrix edit key operations.

Key M eaning

ECIT) Copies the highlighted element to the
edit line.

EE Inserts a row of zeros above, or a
column of zeros to the left, of the
highlighted cell. (You are prompted to
choose row or column.)

== A three-way toggle for cursor
advancement in the Matrix edit&Z3
advances to the rigHEEES, advances
downward, an@&E does not advance
at all.

E1G) Switches between larger and smaller
font sizes.

DEL Deletes the highlighted cells, row, or
column (you are prompted to make a
choice).

(SHIFT)CLEAR Clears all elements from the matrix.

(a) (v] | Moves to the first row, last row, first

>« column, or last column respectively.
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To display a
matrix

To display one
element

To create amatrix
in HOME

To store one
element

* In the Matrix catalog(GHIFT]MATRIX), highlight the
matrix name and pre&sIE:.

* In HOME, enter the name of the matrix variable and

presS{ENTER).

In HOME, entematrixname(row,column). For example, if
M2 is [[3,4],[5.6]], then M2(1,2)ENTER] returns 4.

1. Enter the matrix in the edit line. Start and end the matrix
and each row with square brackets (the shiftdd) and

(6] keys).
2. Separate each element each row with a comma.
Example: [[1,2],[3,4]].

3. PresqENTER] to enter and display the matrix.

The left screen below shows the matrix [[2.5,729],[16,2]]
being stored into M5. The screen on the right shows the vector
[66,33,11] being stored into M6. Note that you can enter an
expression (like 5/2) for an element of the matrix, and it will
be evaluated.

fARAD]

UMCTION

[[3<2, 261, [16, 21 1MIT [EGs 33, 111kME
[[2.T3, 7291, [16, 211 [E5, 53,1117

ST I N S N TN I I N .

In HOME, enter:

value matrixname(row,column)

For example, to change the element in the first row and second
column of M5 to 728, then display the resulting matrix:

728ELD T
rrAMS[10)20) |28
(APAIMS s
e}

[[2.5,728]1,[16,2]1]

j=toel [ [ | |

An attempt to store an element to a row or column beyond the
size of the matrix results in an error message.

Matrices
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Matrix arithmetic

You can use the arithmetic functions (+, —, x, /) with matrix
arguments. Division left—-multiplies by the inverse of the
divisor. You can enter the matrices themselves or enter the
names of stored matrix variables. The matrices can be real or
complex.

For the next four examples, store [[1,2],[3,4]] into M1 and
[[5,6],[7,8]] into M2,

Example 1. Create the first matrix.

(SHIFT)MATRIX EISE1 5
1 (ENTER) 2 @
3 (iNTER] 4

2. Create the second
matrix.

(SHIFTJMATRIX (v] EEE]
I8 5 (ENTeR) 6 (ENTER)
(¥) 7 (EN7eR) 8 (ENTER]

ENT ] IN: [GO*]EG ] [ |

3. Add the matrices that you created.

[FONE) (ALPHAJML sm
(A M2

M1+M2

[[e,2]1,018,12]7]

[oel [ | [ [

To multiply and For division by a scalar, enter the matrix first, then the

divide by a scalar  operator, then the scalar. For multiplication, the order of the
operands does not matter. The matrix and the scalar can be
real or complex. For example, to divide the result of the
previous example by 2, use the following key presses:

(+] 2 (ENTER

[[&,51,018,121]

Ans~2
[[2,4]1,[5.61]

[ERTTN I I
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To multiply two
matrices

To divide by a
square matrix

To invert a matrix

To negate each
element

To multiply the two matrices M1 and M2 that you created for
the previous example, use the following keystrokes:

(ALPHA]M1(x] (ALPHA]M2  =zEm
[[2:41,05,61]

[[19,227,[43,58]1]

To multiply amatrix by a vector, enter the matrix first, then
the vector. The number of elements in the vector must equal
the number of columnsin the matrix.

For division of amatrix or avector by a square matrix, the
number of rows of the dividend (or the number of elements, if
itisavector) must equal the number of rowsin the divisor.

This operation is not a mathematical division: it is a left—
multiplication by the inverse of the divisor. M1/M2 is
equivalent to M2 * M1.

TodividethetwomatricesM 1 and M2 that you created for the
previous example, use the following keystrokes:
(ALPHAJM1 (=] (ALPHA]M2

[[19y221.[45,538]1]
1-M2
[[5:4]:[—4:'3]]

=

fstow] [ [ ] [ |

Y ou caninvert asquarematrix in HOME by typing the matrix
(or its variable name) and pressing (SHiIFT)x * .Oryou
can use the matrix INVERSE command. Enter
INVERSE(matrixname) in HOME and press (ENTER].

Y ou can change the sign of each element in amatrix by
pressing ((-)] before the matrix name.

Matrices
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Solving systems of linear equations

Example Solve the following linear system:
2x+3y+4z =5
X+y—-z=17
4x—-y+2z=1
1. Openthe Matrix catalog and choose to create a vector in
the M1 variable.
SHIFT]MATRIX EEE] R vanenan_rararn o
g CRERTE NEN...ME%
Mz |Peal matrix B
(Ef|Feal wector ‘B
Ma [Complex matrix |
(v] ps |Complex wectar |G
| [ [ | [thmiL]
2. Createthe vector of the constants in the linear system.
5 7 M1 VECTOR |
1 1E
3
LEWT [ M5 [ao+ [EG | [ |
3. Return to the Matrix MATRIA CRTALOE SHEEEEETR:
catalog. The vector you M1 3 REAL VECTOR KE
o M2 1%1 REAL MATFRIX IKE
created islisted asM 1. M3 141 REAL MATRES 0KE
[ 181 REAL MATEIX KE
(SHIFT]MATRIX M5 242 REAL MATRIY AHEE
4. Select the M2 variable and create a new matrix.
(v)EEE
) M1
Select Real matri x 112 |
M3 Complex matrix |[;
ES Hg Complex wector f ¥
5. Create anew matrix and enter the equation coefficients.
2 3[ENTER Ml 1 | 2 | 3
4[ENTER] (v] A
1 (ENTER) 1 (ENTER) " !
@)1 4 (ENTER)
(O)1(ENTER) 2
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6. Return to HOME and enter the calculation to left
multiply the constants vector by the inverse of the
coefficients matrix.

[FIONE) (ALPHAJM2

ErHrx (]
(ALPHA)M L

7. Evaluate the calculation.

M- £M1
The result is a vector of the [2:3,-2]
solutions: T A ——

. X = 2

. y = 3

. Z= _2

An alternative method, is to use the RREF function. See
“RREF” on page 12-12.

Matrix functions and commands

About functions

* Functions can be used in any aplet orin HOME. They are
listed in the MATH menu under the Matrix category.
They can be used in mathematical
expressions—primarily in HOME—as well as in
programs.

» Functions always produce and display a result. They do
not change any stored variables, such as a matrix
variable.

» Functions have arguments that are enclosed in
parentheses and separated by commas; for example,
CROSSyector1,vector2). The matrix input can be either
a matrix variable name (such as M1) or the actual matrix
data inside brackets. For example, CROSS(M1,[1,2]).

Matrices
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About commands  Matrix commands are listed in the CMDS menu ((SHIFT)
CMDS), in the matrix category.

See “Matrix commands” on page 15-23 for details of the
matrix commands available for use in programming.

Functions differ from commands in that a function can be
used in an expression. Commands cannot be used in an
expression.

Argument conventions

e Forrow# or column#, supply the number of the row
(counting from the top, starting with 1) or the number of
the column (counting from the left, starting with 1).

e The argumentnatrix can refer to either a vector or a
matrix.

Matrix functions
COLNORM Column Norm. Finds the maximum value (over all columns)
of the sums of the absolute values of all elements in a column.

COLNORM(matrix)

COND Condition Number. Finds the 1-norm (column norm) of a
squarematrix.

COND(matrix)

CROSS Cross Product ofector1 with vector2.
CROSSYector1, vector?2)

DET Determinant of a squarseatrix.
DET(matrix)
DOT Dot Product of two arrayspatrix1 matrix2.

DOT(matrix1, matrix2)
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EIGENVAL

EIGENVV

IDENMAT

INVERSE

LQ

LSQ

LU

MAKEMAT

Displays the eigenva ues in vector form for matrix.
EIGENVAL (matrix)
Eigenvectors and Eigenvalues for asguare matrix. Displaysa

list of two arrays. Thefirst contains the eigenvectors and the
second contains the eigenval ues.

EIGENVV (matrix)
Identity matrix. Creates a square matrix of dimension

size x size whose diagonal elements are 1 and off-diagonal
elements are zero.

IDENMAT(size)

Inverts a square matrix (real or complex).
INVERSE(matrix)
LQ Factorization. Factors anx n matrix into three matrices:

{[[ mx nlowertrapezoidal]],[[ nx n orthogonal]],
[[ mx m permutation]]}.

LQ(matrix)
Least Squares. Displays the minimum norm least squares
matrix (or vector).

LSQ(matrix1, matrix2)
LU Decomposition. Factors a squamnatrix into three
matrices:

{[[ lowertriangular]],[[ uppertriangular]],[[ permutation]]}
Theuppertriangular has ones on its diagonal.

LU(matrix)
Make Matrix. Creates a matrix of dimensimuws x columns,
usingexpression to calculate each elementekpression
contains the variables | and J, then the calculation for each

element substitutes the current row number for | and the
current column number for J.

MAKEMAT ( expression, rows, columns)
Example

MAKEMAT(0,3,3) returns a 3x3 zero matrix,
[[0,0,0],[0,0,0],[0,0,01].

Matrices
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QR

RANK

ROWNORM

RREF

SCHUR

SIZE

SPECNORM

SPECRAD

SvD

SVL

QR Factorization. Factors an mxn matrix into three matrices:
{[[ mxm orthogonall],[[ mxn uppertrapezoidal]],[[ nxn
permutation]]}.

QR(matrix)

Rank of a rectangulamatrix.
RANK(matrix)
Row Norm. Finds the maximum value (over all rows) for the
sums of the absolute values of all elements in a row.
ROWNORM(matrix)
Reduced Row Echelon Form. Changes a rectangmataix to
its reduced row-echelon form.
RREFatrix)
Schur Decomposition. Factors a squaetrix into two
matrices. Ifmatrix is real, then the result is

{[[ orthogonal]],[[ upper-quas triangular]]}.
If matrix is complex, then the result is

{[[ unitary]],[[ upper-triangular]]}.
SCHURmatrix)

Dimensions ofmatrix. Returned as a list: {rows,columns}.

SIZE(matrix)

Spectral Norm ofmatrix.
SPECNORMI(ratrix)

Spectral Radius of a squaratrix.

SPECRAD(matrix)
Singular Value Decomposition. Factorsrarx n matrix into
two matrices and a vector:

{[[ mx m sguare orthogonal]],[[ n x n square orthogonal]],
[real]}.

SVD(matrix)
Singular Values. Returns a vector containing the singular
values ofmatrix.

SVL(matrix)
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TRACE

TRN

Examples

Identity Matrix

Transposing a
Matrix

Finds the trace of a square matrix. Thetrace is equal to the
sum of the diagonal elements. (It is also equal to the sum of
the eigenvalues.)

TRACE(matrix)

Transposes matrix. For acomplex matrix, TRN finds the
conjugate transpose.

TRN(matrix)

Y ou can create an identity matrix with the IDENMAT
function. For example, IDENMAT(2) creates the 2x2 identity
matrix [[1,0],[0,1]].

You can also create an identity matrix using the MAKEMAT
(make matrix) function. For example, entering

MAKEMAT(l £J,4,4) creates a 44«matrix showing the
numeral 1 for all elements except zeros on the diagonal. The
logical operato returns 0 when | (the row number) and J
(the column number) are equal, and returns 1 when they are
not equal.

The TRN function swaps the row-column and column-row
elements of a matrix. For instance, element 1,2 (row 1,
column 2) is swapped with element 2,1; element 2,3 is
swapped with element 3,2; and so on.

For example, TRN([[1,2],[3,4]]) creates the matrix
([1.3].[2.4]].

Matrices
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Reduced-Row The following set of equations x—2y + 3z = 14

2x+y—-z= -3
Echelon Form AX-2y+2z = 14

1-2 3|14
can be written as the augmented matrix |2 1 —1/—3

which can then stored as a
3 x4 red matrix inM1.

o
1
L]
=
J:

Y ou can use the RREF

function to change thisto

reduced row echelon form, RREEF ;M1 3BHZ
SOringitastfOr [[1:8:@:1]:[@:1:@:_2]..
convenience.
The reduced row echelon el 1 [ = T [ 4
matrix gives the solution to é . ; § ;a

the linear equation in the
forth column.

An advantage of using the RREF function isthat it will also
work with inconsistent matrices resulting from systems of
equations which have no solution or infinite solutions.

For example, the following set of equations has an infinite
number of solutions:

X+y—-z=25
2x-y =17
X—-2y+z=2

Thefinal row of zerosinthe [z 1 z
reduced—row echelon form of| 1

the augmented matrix 3
indicates an inconsistency.

[
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Lists

Y ou can do list operationsin HOME and in programs. A list
consists of comma-separated real or complex numbers,
expressions, or matrices, al enclosed in braces. A list may, for
example, contain a sequence of real numbers such as

{1, 2, 3}.(If theDecima Mark in MODESis set to Comma,
then the separators are periods.) Lists represent a convenient
way to group related objects.

There are ten list variables available, named LOto L9. You
can use them in calculations or expressionsin HOME or in a
program. Retrievethelist namesfromtheVARS menu, or just
type their names from the keyboard.

Y ou can create, edit, delete, send, and receive named listsin
the List catalog ((SHIFT]LIST). You can also creste and store
lists—named or unnnamed—in HOME.

Creating lists

List variables are identical in behaviour to the columns C1.CO

in the Statistics aplet. You can store a statistics column to a list
(orvice versa) and use any of the list functions on the statistics
columns, or the statistics functions, on the list variables.

Create alistin 1. Open the List catalog.

the List [SHIFT)LIST.
i )
Catalog 2. Highlight the list name Size S oK
LE Size 5 BEE
youwanttouse (L1, etc.) |4 Size @ BKE
and presEiE to display |7 Size @ BEE ¥
LEbT] | [SEWOJRECU] |

the List editor.
EDIT

JEnT Wz | [ [ [ |
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3. Enter the values you want in the list, pressing

after each one.

Values can berea or
complex numbers (or an
expression). If you enter
acalculation, itis
evaluated and the result

:
EHEETE
JEMT [ b= | | [ | |

isinserted in the list.

4. When done, press [SHIFT]LIST to see the List catalog, or
press to return to HOME.

List catalog keys

The list catalog keys are:

Key

M eaning

EDHT)
= EHE

DEL

[SFT)CLEAR

@) or
@

Opens the highlighted list for editing.

Transmits the highlighted list to
another HP 39G/40G or aPC. See
“Sending and receiving aplets” on
page 16-5 for further information.

Receives a list from another HP 39G/
40G or a PC. See “Sending and
receiving aplets” on page 16-5 for
further information.

Clears the highlighted list.
Clears all lists.

Moves to the end or the beginning of
the catalog.

13-2
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List edit keys When you press edit to create or change alist, the following
keys are available to you:

Key

M eaning

EDIT

CH

DEL

EHFTCLEAR

G ) or
@

Copies the highlighted list item into
the edit line.

Inserts a new value before the
highlighted item.

Deletes the highlighted item from the
list.

Clears all elements from thelist.

Moves to the end or the beginning of
thelist.

Create alistin 1. Enterthelistin theedit line. Start and end the list with
HOME braces (the shifted (8] and (9] keys) and separate each
element with acomma.

2. Press to evaluate and display the list.

Immediately after typing in thelist, you can storeitina
variable by pressing L listname . Thelist
variable names are LO through L9.

This example stores the

list {25,147,8} in L1.
(You can omit the fina

list.)

: {52, 3%49, 51kL1
brace when entering a 25,147,293

(roe] [ | [ | |

Lists
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Displaying and editing lists

To display a list

To display one

In the List catalog, highlight the list name and pEEs.
In HOME, enter the name of the list and p{essER].

In HOME, entellistname(element#). For example, if L2 is

element {3,4,5,6}, then L2(2) [ENTER] returns4.
To edit a list 1. Open the List catalog.
LIST.

2. Presqa] or (v] to highlight the name of the list you
want to edit (L1, etc.) and preiSSEE to display the list
contents.

ECHT]

3. Presqga] or(v] to
highlight the element you want to edit. In this example,
edit the third element so that it has a value of 5.
¥ W) EE
5

4. Presddai.
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To insert an 1. Openthelist catalog.
element in a list (SHIFT)LIST.

ST CHTALING SEEEEERT §

. BEEE

2. Press(a] or (v] tohighlight the name of the list you
want to edit (L1, etc.) and pressEZEE to display the list
contents.
EDIT

3. Press(a] or (v] tothe
insertion position.
New elements are inserted above the highlighted
position. In this example, an element, with the value of 9,
isinserted between the first and second elementsin the

list.
v]
[CH
9
4. PresskiE.
To store one In HOME, enter value EZET3 |istname(el ement). For example,
element to store the second element of L1 to 148, type

148 BEEAL1(2) [ENTER).
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Deleting lists

To delete a list Inthe List catalog, highlight the list name and press [DEL].
Y ou are prompted if you want to delete the contents of the
highlighted list variable. Press to delete the contents.

To delete all lists In the List catalog, press [SHIFT)CLEAR.

Transmitting lists

Y ou can send liststo calculators or PCsjust asyou can aplets,
programs, matrices, and notes.

P w0 b P

5.

Align the HP 39G calculators’ infrared ports.
Open the List catalogs on both calculators.
Highlight the list to send.

Pres$E=(T0.

Pres&E=E on the receiving calculator.

Lists can also be transmitted to or from a computer a cable and
Connectivity Kit.
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List functions

Following are details of list functions. Y ou can use themin
HOME, as well asin programs.

Y ou can type in the name of I

the function, or you can copy i MATH FUNCTIONS §
thename of thefunctionfrom
the List category of the
MATH menu. Press

(( (the alphaL
character key). Thisdisplays
the List category. Press (»], select afunction, and press [T2.

—|Folurom. »[MLIST |-
[MTHe[COWZ] |  [cAWiL] Ok |

List functions have the following syntax:

* Functions havarguments that are enclosed in
parentheses and separated by commas. Example:
CONCAT( L1, L2) . An argument can be either a list
variable name (such as Ldj) the actual list. For
example REVERSE({ 1, 2, 3}).

« If Decimal Mark in MODES is set to Comma, use
periods to separate arguments. For example,
CONCAT( L1. L2).

Common operators like +, —, x, and / can take lists as
arguments. If there are two arguments and both are lists, then
the lists must have the same length, since the calculation pairs
up the elements. If there are two arguments and one is a real
number, then the calculation pairs the number with each
element of the list.

Example
5*{1, 2,3} returns{5, 10, 15}.

Besides the common operators that can take numbers,
matrices, or lists as arguments, there are commands that can
only operate on lists.

Lists
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CONCAT

ALIST

MAKELIST

HINT

Concatenates two listsinto anew list.
CONCAT( list1, list2)
Example
CONCAT({ 1, 2, 3}, {4}) returns{ 1, 2, 3, 4}.

Creates anew list composed of the differences between the
sequential elementsin listl. The new list has one fewer
elementsthan listl. Thefirst differencesfor {x; X, ... X} are
{xaxq - XXl

ALI ST( listl)
Example

In HOME, store{3,5,8,12,17,23} in L5 and find thefirst
differences for the list.

(HOME)(sHIFT){3,58,12,  [zmm FUNCTION

17,23 [SHiFT)} B L i r e
(ALPHAJL 5
(MATH]L [»)

Select ALI ST
(ALPHAJL5[ENTER]

Calculates a sequence of elementsfor anew list. Evaluates
expression with variable from begin to end vaues, taken at
increment steps.

MAKEL| ST( expression, variable, begin, end,
increment)

The MAKELIST function generates a series by automatically
producing alist from the repeated eval uation of an expression.

Example

In HOME, generate alist of squares from 23 to 27.

AL (5)Sdlect
MAKEL| ST EE
ey
DEFmA ()28 ()27
010)

If the Decimal Mark setting in the Modes input form
((sHIFTJMODES)is set to Comma, use (1] instead of (,].

EARAD] FUMCTION

MAKELIST(AZ A 23,27, 12
L0259, OFE, 620, 670, F2T9d

----d
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MLIST

POS

REVERSE

SIZE

2LIST

SORT

Calculates the product of all elementsin list.
MLl ST( list)
Example

MLI ST({2, 3, 4}) returns 24.

Returns the position of an element within alist. The element
can be avalue, avariable, or an expression. If thereis more
than one instance of the element, the position of the first
occurrenceisreturned. A value of O isreturned if thereis no
occurrence of the specified element.

POS( list, element)
Example
PCs ({3, 7, 12, 19}, 12) returns3

Creates alist by reversing the order of the elementsin alist.

REVERSE( list)

Cadlculates the number of elementsin alist.
S| ZE(list)

Also works with matrices.

Calculates the sum of al elementsin list.
TLI ST( list)
Example

SLIST({2, 3, 4}) returns9.

Sorts elements in ascending order.
SORT( list)

Lists
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Finding statistical values for list elements

To find values such as the mean, median, maximum, and
minimum values of the elementsin alist, use the Statistics

aplet.

Example

HINT

In this example, use the Statistics aplet to find the mean,
median, maximum and minimum values of the elementsin the
list, L1.

1

Create L1 with values 88, 90, 89, 65, 70, and 89.

(sHiFT){ 88 (,)90(,)

89(,)65(,)70(]89

(i) B

(ALPrAL T, 99, 00,55, 70, O 0LT+
L IETT I I N
L88,98, 89,65, FE. 393%L1
L7744, 21080, 7921 ,4225, .
w:roe] | [ [ | |

If the Decimal Mark setting in the Modes input form
((sHIFT]MODES)is set to Comma, use (1] instead of (,].

2. INnHOME, store L1 into C1. You will then be able to see
thelist datain the Numeric view of the Statistics aplet.
L1 D
7 L0090, 09 65, 7Ha G31EL1
Cl Hzé?,émé,?émhzﬁ,...
L8958, 99,39, 65, 78, 393
[ 1 T [ 1 |
3. Start the Statistics aplet, and select 1-variable mode
(pres<ELLIAT, if necessary, to displd$Liad).
Select CZ | C3 | c4
Statistics
ETAET]
Note: Your list values E
are now in columnl LELT LIHZ LT L g o AR TAT S
(C1).
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4. Inthe Symbolic view, define H1 (for example) as C1
(sample) and 1 (frequency). Make sure that H1 is

checkmarked.
SEE STATISTICS SYHEOLIC VIEW SEEE
wHiiC1 1
Hz = I 1
Hz: 1
H4: 1 L]
EHWTEFR ZAMPLE

5. Go to the Numeric view
to display calculated statistics.

(NUM I

See “One-variable” on page 8-13 for the meaning of each
computed statistic.
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Notes and sketches

Introduction

The HP 39G/40G has text and picture editors for entering
notes and sketches.

Each aplet has its own independeNbte view and

Sketch view. Notes and sketches that you create in these
views are associated with the aplet. When you save the
aplet, or send it to another calculator, the notes and
sketches are saved or sent as well.

TheNotepad is a collection of notes independent of all
aplets. These notes can also be sent to another calculator
via the Notepad Catalog.

Aplet note view

You can attach text to an aplet in its Note view.

To write a note in

Note view

1.
2.

3.

4.

In an aplet, pressHIFT)NOTE for the Note view.

Use the note editing keys shown in the table in the
following section.

Set Alpha lockf&=) for quick entry of letters. For
lowercase Alpha lock, presgsHirT) EEH.

While Alpha lock is on:
— To type a single letter of the opposite case, press

(5HiFT) letter.

— To type a single non-alpha character (such as 5 or [),

pres first. (This turns off Alpha lock for one
character.

Your work is automatically saved. Press any view key

((NUM], (sYmB], (PLOT], [VIEWS]) or [HOME] to exit the

Notes view.

Notes and sketches
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Note edit keys

Key M eaning
Space key for text entry.
FHIGEW Displays next page of a multi-page
note.
= Alpha-lock for letter entry.
(shiFT)EEH Lower-case Alpha-lock.
E=3 Backspaces cursor and deletes
character.
DEL Deletes current character.
Startsanew line.
CLEAR Erases the entire note.
Menu for entering variable names,
and contents of variables.
MATH] Menu for entering math operations,
and constants.
CMDS Menu for entering program
commands.
(SHIFTJCHARS Displays special characters. To type

one, highlight it and pressE=3. To
copy acharacter without closing the
CHARS screen, press EEiH.

14-2
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Aplet sketch view

Y ou can attach pictures to an aplet in its Sketch view
((SHIFTJKETCH). Your work is automatically saved with the
aplet. Press any other view key or to exit the Sketch

view
Sketch keys

Key M eaning

Stores the specified portion of the
current sketch to agraphics variable
(G1 through GO).

HELIF Addsanew, blank pageto thecurrent
sketch set.

Displays next sketch in the sketch
set. Animates if held down.

IE:T Opens the edit line to type atext
label.

([Fiftd Displays the menu-key labels for
drawing.

DEL Deletes the current sketch.

CLEAR Erases the entire sketch set.

=) Toggles menu key labels on and off.
If menu key labelsarehidden, (-] or
any menu key, redisplays the menu
key labels.

To draw aline 1. Inan aplet, press (SHIFT)KETCH for the Sketch view.

2. In Sketch view, press HEIE and move the cursor to
where you want to start the line

Press[EEE. Thisturns on line-drawing.

Move the cursor in any direction to the end point of the
line by pressing the (a], (v],(»]. (<] keys.
5. PressIE3 to finish theline.
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To draw a box 1. In Sketch view, press EIEIEI and move the cursor to
where you want any corner of the box to be.

PressEH. This turns on box-drawing.

Move the cursor to mark the opposite corner for the box.
You can adjust the size of the box by moving the cursor.

4. PressH= to finish the box.

To draw a circle 1. In Sketch view, press [@EIE and move the cursor to
where you want the center of the circle to be.

PressEIESE. Thisturns on circle drawing.

Move the cursor the distance of the radius.

PressEIE to draw thecircle.

DRAW keys

Key

M eaning

Dot on. Turns pixels on as the cursor
moves.

Dot off. Turns pixels off as the cursor
moves.

Draws a line from the cursor’s starting
position to the cursor’s current position
Presdd# when you have finished. You
can draw a line at any angle by moving the
cursor.

Draws a box from the cursor’s starting
position to the point at which you press
o=

Draws a circle with the cursor’s starting
position as the center. The radius is the
distance between the cursor’s starting and
ending position. Pred&H to draw the
circle.

14-4

Notes and sketches



To label parts of a
sketch

To create a set of
sketches

To store into a
graphics variable

Press and type the text in the edit line. To lock the
Alpha shift on, press & (for uppercase) or [SHIFT)iEH
(for lowercase).

To make the label asmaller character size, turn off EEQ
before pressing EEES. (EE is atoggle between small and
largefont size). The smaller character size cannot display
lowercase letters.

PressE=R.

Position the label where you want it by pressing the (a],
.6, (@ keys.

PressETA again to affix the label.

Press EIEIEI to continue

drawing, or press
{0 exit Sketch AL
view.

Y ou can create a set of up to ten sketches. This alows for
simple animation.

After making a sketch, preEE=EE to add a new, blank
page. You can now make a new sketch, which becomes
part of the current set of sketches.

To view the next sketch in an existing set, pEEE2,
Hold down for animation.

To remove the current page in the current sketch series,

press(DEL].

You can define a portion of a sketch inside a box, and then
store that graphic into a graphics variable.

1.

In the Sketch view, display the sketch you want to copy
(store into a variable).

Pres&Eids.
Highlight the variable name you want to use and press

Draw a box around the portion you want to copy: move
the cursor to one corner, pr&&s, then move the cursor
to the opposite corner and pr&s.

Notes and sketches
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To import a Y ou can copy the contents of a graphics variable into the
graphics variable  Sketch view of an aplet.

1

The notepad

Open the Sketch view of the aplet ((SHIFT]XETCH). The
graphic will be copied here.

Press (vARs], EIIER. Highlight G- aphi c, then press (»]
and highlight the name of the variable (GL, etc.).

Press 3 to recall the contents of the graphics
variable.

Move the box to where you would like to copy the
graphic, then press E3.

Subject to available memory, you can store as many notes as
you want in the Notepad ((SHIFT]NOTEPAD). These notes are
independent of any aplet. The Notepad catalog lists the

existing entries by name. It does not include notes that were
created in aplets’ Note vievbut these can be imported. See
“To import a note” on page 14-8

To create a note 1

in the Notepad

.Display the Notepad
catalog.

NOTEPAD

MOTE CATALDG 3 EEETRY

Create anew note.

Enter aname for your
note.

MYNOTE

o= MyHOTE
1 1 Jh.zeleancil k|

Note: In this example,
the name of the note is ‘MYNOTE'.
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4. Write your note.

Notepad Catalog keys

See “Note edit keys” on |THI= IS MY TEST
page 14-2 for more
information on the entry
and editing of notes.

TSI I

When you are finished,

press or an aplet key to exit Notepadbur work
is automatically saved.

Key Meaning

Bttt Opens the selected note for
editing.

HEL] Begins a new note, and asks for
a name.

ZEH I Transmits the selected note to
another HP 39G/40G or PC.

(FECL Receives a note being
transmitted from another
HP 39G/40G or PC.

DEL Deletes the selected note.

(SHIFT)CLEAR Deletes all notes in the catalog.

Notes and sketches
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To import a note

You can import a note from the Notepad into an aplet’s Note
view, and vice-versa. Suppose you want to copy a note named
“Assignments” from the Notepad into the Function Note

view:

1.

In the Function aplet, display the Note view

(GHIFTINOTE).

Press(vaArs) EEER, highlightNot epad in the left-hand
list, then highlight the name “Assignments” in the right-
hand list.

Pres£EIETS B to copy thecontents of “Assignments”
to the Function Note view.

Note: To recall the name instead of the contents, press
instead of EEIES.

Suppose you want to copy the Note view from the current
aplet into the note “Assignments” in the Notepad.

1.

In the Notepad(§HIFT)NOTEPAD), open the note
“Assignments”.

Presqgvars] EIE5=E, highlightNot e in the left column,
then pres$» ] and highlightNot eText in the right
column.

PresdIiEHs @3 to recall the contents of the Note view
into the note “Assignments”.

14-8

Notes and sketches



15

Programming

Introduction

HINT

The Contents of a
Program

Structured
Programming

Example

This chapter describes how to program using the HP 39G/
40G. In this chapter you'll learn about:

» using the Program catalog to create and edit programs
e programming commands
» storing and retrieving variables in programs

e programming variables.

More information on programming, including examples and
special tools, can be found at HP’s calculators web site:
www.hp.com/calculators

An HP 39G/40G program contains a sequence of numbers,
mathematical expressions, and commands that execute
automatically to perform a task.

These items are separated by a colgnCommandsghattake
multiple arguments have those arguments separated by a
semicolon ( ). For example,

Pl XON xposition;yposition:

Inside a program you can use branching structures to control
the execution flow. You can take advantage of structured
programming by creating building-block programs. Each
building-block program stands alone—and it can be called
from other programs\ote: If a program has a spacein its

name then you have to put quotes around it when you want to

run it.

RUN GETVALUE: RUN CALCULATE: RUN
" SHOW ANSVEER'":

This program is separated into three main tasks, each an
individual program. Within each program, the task can be
simple—or it can be divided further into other programs that
perform smaller tasks.

Programming
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Program catalog

The Program catalog is where you create, edit, delete, send,
receive, or run programs. This section describes how to

¢ open the Program catalog

e create a new program

e enter commands from the program commands menu
« enter functions from the MATH menu

e edit a program

¢ run and debug a program

« stop a program

e copy a program

* send and receive a program

e delete a program or its contents

¢ customize an aplet.

Open Program 1. PresqSHIFT]PROGRM.

catalog The Program catalog displays a list of program names. If
you haven't created any programs, the only hame you'll
see isEditline.

Editline contains the last expression that you entered
from the edit line in HOME, or the last data you entered
in an input form. (If you presgnTer) from HOME
without entering any data, the HP 39G/40G runs the
contents of Editline.)

Edltl!ng 1S DERAM CATALD
a built-in - —— [T
function.

Program catalog menu

Before starting to work with programs, you should take a few
minutes to become familiar with the Program catalog menu
keys. You can use any of the following keys (both menu and
keyboard), to perform tasks in the Program catalog.
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Program catalog keys

The program catalog keys are:
Key M eaning
EDIT

HE

= EMD]

EE QU

L]

) (@) or 1)

DEL

EHFTCLEAR

Opens the highlighted program for
editing.

Prompts for a new program name,
then opens an empty program.

Transmits the highlighted program
to another HP 39G/40G or to adisk
drive.

Receives the highlighted program
from another HP 39G/40G or froma
disk drive.

Runs the highlighted program.

Movesto the beginning or end of the
Program catal og.

Deletes the highlighted program.

Deletes al programsin the program
cataog.

Programming
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Creating and editing programs

Create a new 1. Press (SHIFTJPROGRM to open the Program catalog.
program 2. PressEHEL

The HP 39G/40G
prompts you for a name.

ENTER MAME FOE ME PROGRAM.
| [ .2 [(AMEL] OK |

A program name can contain specia characters, such asa
space. However, if you use specia characters and then
run the program by typingitin HOME, you must enclose
the program name in double quotes (" "). Don't use the "
symbol within your program name.

3. Typeyour program
name, then press EfE.
When you pressdE, the
Program Editor opens.

4. Enter your program.
When done, start any other activity. Your work is saved
automeatically.

15-4 Programming



Enter Until you become familiar with the HP 39G/40G commands,

commands the easiest way to enter commands is to use the Commands
menu from the Program editor. Y ou can alwaystypein
commands using al pha characters.

1. From the Program editor, press [SHIFT)CMDS to open the
Program Commands menu.

(SHIFT)CMDS s e anncra e
 [ZEEEPROGRAM COMMANDS SR
CHECK
Branch SELECT
Drawing [SETWIEMWS
Graphic w|UHCHECK
|| [ [iiKiL]

2. Ontheleft, use (v] or (a] to highlight acommand
category, then press [»] to access the commands in the
category. Select the command that you want.
M@FM g anzons

 [FEEEPROGRAM COMMANDS SR
Arlet ARLC

Bt-anch
ERRSE
Graphic w|FREEZE  »

3. PressHH to paste the command into the program editor.
To enter functions (more ~ |EXx4#
to come)

MYPRDG PROGRAM

(IR TN T I I T

Edit a program 1. Press PROGRM 10 PROGRAM CATALIG SRR
open the Program MYFROG . |E1'-'
catalog.

Editline .

2. Usethe arrow keysto highlight the program you want to
edit, and pressEEEE. The HP 39G/40G opens the
Program Editor. The name of your program appearsin
thetitle bar of the display. You can use the following
keysto edit your program.
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Editing keys

The editing keys are:
Key Meaning
EEas Inserts the EZETS character at the editing
point.
HIE Inserts space into text.
LLFAGE] Displays previous page of the program.
FAGEW Displays next page of the program.
(a)(v) Moves up or down oneline.
>« Movesright or left one character.
A Alpha-lock for letter entry. Press (SHIFT)
A...Z to lock lower case.
EEZF] Backspaces cursor and deletes
character.
DEL Deletes current character.
Starts anew line.
CLEAR Erases the entire program.
Menus for entering variable names,
MATH) contents of variables, math functions,
and program constants.
CMDS Menus for entering program
conmmands.
CHARS | Displaysall characters. To type one,

highlight it and pressEz.

To enter several charactersinarow, use
theEEEE menu key whilein the CHARS
menul.

Programming




Using programs

Run a program  From HOME, type RUN program_name.
or
From the Program catal og, highlight the program you want to
run and press [ET:].
Regardless of where you start the program, all programsrun
in HOME. What you see will differ dlightly depending on
where you started the program. If you start the program from
HOME, the HP 39G/40G displays the contents of Ans (Home
variable containing the last result), when the program has
finished. If you start the program from the Program catalog,
the HP 39G/40G returns you to the Program catalog when the

program ends.
Debu ga If you run a program that contains errors, the program will
program stop and you will see an error message.

B Inualid
Sunt ax

Edit program?

To debug the program:

1. ChooseEE=E to edit the program.

The insert cursor appears in the program at the point
where the error occurred.

Edit the program to fix the error.
Re-start the program.
Repeat the process until you find and correct al errors.

Sto pa Y ou can stop the execution of a program at any time by
program pressing CANCEL (the key). Note: You may haveto press

it a couple of times.
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Working with programs

Copy a
program

HINT

Transmit a
program

Delete a
program

Y ou can use the following procedure if you want to make a
copy of your work before editing—or if you want to use one
program as a template for another.

1. PresqSHIFT]PROGRM to open the Program catalog.

2. Pres&IEEl

3. Type a new file name, then cho@&a

The Program Editor opens with a new program.
PresgVArs] to open the Variable menu.

Presg7] to quickly scroll to Program.

Presg»], then highlight the program you want to copy.
PresdiEds, then presEE.

The contents of the highlighted program are copied into
the current program at the cursor location.

R

If you use a programming routine often, save the routine
under a different program name, then use the above method to
copy it into your programs.

You can send programs to, and receive programs from, other
calculators just as you can send and receive aplets, matrices,
lists, and notes.

After aligning the calculators’ infrared ports, open the
Program catalogs on both calculators. Highlight the program
to send, then pre&H:Li on the sending calculator

on the receiving calculator.

You can also send programs to, and receive programs from, a
remote storage device (aplet disk drive or computer). This
takes place via a cable connection and requires an aplet disk
drive or specialized software running on a PC (such as a
connectivity kit).

You can delete any program except Editline.

1. PresqSHIFT]PROGRM to open the Program catalog.
2. Highlight a program to delete, then présa ).

15-8
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Delete all Y ou can delete all programs at once.

programs 1
2,

In the Program catal og, press CLEAR
PressEE.

Delete the Y ou can clear the contents of a program without deleting the
contents of a program name.

program 1
2.
3.
4. The contents of the program are deleted, but the program

Press PROGRM to open the Program catal og.
Highlight a program, then press [EE:.
Press (SHIFT)CLEAR, then press B,

name remains.

About customizing an aplet

Y ou can configure an aplet and develop a set of programsto
work with the aplet.

Use the SETVIEWS command to create a custom VIEWS
menu which links specially written programsto the new apl et.

A useful method for customizing an aplet isillustrated bel ow:

1

Decide on the aplet type that you want to use, for
example the Function aplet or the Statistics aplet. The
copied aplet inherits all the properties of the parent aplet.
Save the standard aplet under a new name.

Configure the new aplet if you need to, for example by
presetting axes or angle measures.

Develop the programs to work with your aplet. When

you develop the aplet's programs, use the standard aplet
naming convention. This allows you to keep track of the
programs in the Program catalog that belong to each
aplet. See “Aplet naming convention” on page 15-10.
Develop a program that uses the SETVIEWS command
to modify the aplet's VIEWS menu. The menu options
provide links to associated programs. You can specify
any other programs that you want transferred with the
aplet. Se6SETVIEWS” on page 15-1fbr information

on the command.

Ensure that the new aplet is selected, then run the menu
configuration program to configure the aplet's VIEWS
menu.

Test the aplet and debug the associated programs.(Refer
to “Debug a program” on page 15-7).

Programming
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Aplet naming convention

To assist usersin keeping track of aplets and associated
programs, use the following naming convention when setting
up an aplet’s programs:

e Start all program names with an abbreviation of the aplet
name. We will use APL in this example.

« Name programs called by menu entries in the VIEWS
menu number, after the entry, for example:
— APL.MEL1 for the program called by menu option 1
— APL.ME2 for the program called by menu option 2

¢ Name the program that configures the new VIEWS menu
option APL.SV where SV stands for SETVIEWS.

For example, a customized aplet called “Differentiation”
might call programs called DIFF.ME1, DIFF.ME2, and
DIFF.SV.

Customizing an aplet example

This example aplet is designed to demonstrate the process of
configuring an aplet. The new aplet is based on the Function
aplet.Note: Thisaplet is not intended to serve a serious use,

merely to illustrate the process.

Save the aplet 1. Open the Function aplet and save it as “EXPERIMENT".
The new aplet appears in the Aplet library.

(APLET) Select

Functi on EIH =PERIMENT 3
Fumct ion HEE
EXPERIMENT |statistics GKE
Inference 5=
= Farametric BKE w
| SAVE [RESET| SORT [SEND | KECY |

2. Create a program called p
EXP.ME1 with contents |;1lEk=min:

X 1akEmazs
as shown. This program -E$;g}1{p=
configures the plot RUM TEXP, ANG":
ranges, then runs a :toe [sracel ] L2 ]

program that allows you
to configure the angle format.
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3. Create aprogram called
EXPME2 with contents u :
asshown. Thisprogram  |MSGEQX "Mumeric
sets the numeric view )
optionsfor the aplet, and
runs the program that
you can use to configure the angle mode.

EXP.ME2 PROGEAM

4. Createaprogram caled
EXPANG which the

: CHOQSE C3
previoustwo programs | "ANGLE HERSURE"3
"Degrrees")
cal. "Radians";
"Grads"}

EXP.ANG PROGRAM

5. Createaprogram called

HR.
EXPSwhichrunswhen  [ikfingiss ..
you start the aplet, as CHECE 1:

shown. This program
sets the angle mode to
degrees, and sets up the
initial function that the aplet plots.

Configuring In this section we will begin by configuring the VIEWS
the Setviews menu by using the SETVIEWS command. We will then

: create the “helper” programs called by the VIEWS menu
menu option which will do the actual work.
programs

6. Open the Program catalog and create a program named
“EXP.SV”. Include the following code in the program.
(Text shown iritalics below are comments only.)

Each entry line after the P I0 PROGEAM

command SETVIEWS is |"Entral® i "EXF.MEL"§ "My

a trio that consists of a  Entryz"i "I;ﬁg: MEZ";35"
VIEWS menu text line (a |, £"EXE; ANG" 5 b; "START "3
space indicates none), a |y m———
program name, and a

number that defines the view to go to after the program
has run its course. All programs listed here will transfer

with an aplet when the aplet is transferred.
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SETVIEWS " "5 "7 18;

Sets the first menu option to be "Auto scale".
Thisisthe fourth standard Function aplet
view menu option and the 18 "Auto scale”,
specifiesthat it is to be included in the new
menu. The empty quotes will ensure that the
old name of "Auto scal€" appears on the new
menu. See “SETVIEWS” on page 15-14

" My Entryl’ ’; 'EXP.ME1";1;

Sets the second menu option. This option
runs program EXPMEL, then returnsto view
1, Plot view.

" My Entry2’ ’; "EXP.ME2";3;

Sets the third menu option. This option runs
the program EXPME2, then returnsto view
3, the NUM view

B EXPLSVO:

Thisline specifies that the program to set the
View menu (this program) istransferred with
the aplet. The space character between the

first set of quotesin the trio specifies that no
menu option appesars for the entry. You do not
need to transfer this program with the aplet,

but it allows users to modify the aplet’s menu
if they want to.

e EXPLANGSO;

The program EXPANG isasmall routine
that is called by other programs that the aplet
uses. This entry specifies that the
program.EXPANG is transferred when the
aplet istransferred, but the space in the first
quotes ensures that no entry appears on the
menul.

"START'; '"EXP.S’";7:

This specifies the Start menu option. The
program that is associated with this entry,

. EXP. S, runsautomatically whenyou start
the aplet. Because this menu option specifies
view 7, the VIEWS menu opens when you
start the aplet.
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You only need to run this program once to configure your
aplet’s VIEWS menu. Once the aplet's VIEWS menu is
configured, it remains that way until you run SETVIEWS
again.

You do not need to include this program for your aplet to
work, but it is useful to specify that the program is
attached to the aplet, and transmitted when the aplet is
transmitted.

Return to the program

ROGEAM CATALOG 3 EETH

log. The proaram EXF . 11KE
catalog. The programs — 22572 L GFEE
that you created should |Exp.AHG . 15KB
appear as follows: ExF.MES - 12RE

You must now RUN the
program EXP.SV to
execute the SETVIEWS command and create the
modified VIEWS menu. Check that the name of the new
aplet is highlighted in the APLET view.

You can now return to the APLET library and press
START to run your new aplet.

Programming
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Programming commands

This section describes the commands for programming with
HP 39G/40G. Y ou can enter these commandsin your program
by typing them or by accessing them from the Commands
menu.

Aplet commands

CHECK

SELECT

SETVIEWS

These commands control aplets.

Checks (selects) the corresponding function in the current
aplet. For example, Check 3 would check F3 if the current
aplet is Function. Then acheckmark would appear next to F3
in Symbolic view, F3 would be plotted in Plot view, and
evaluated in Numeric view.

CHECK n

Selects the named aplet and makes it the current aplet. Note:
Quotes are needed if the name contains spaces or other
special characters.

SELECT apletname

The SETVIEWS command is used to define entriesin the
VIEWS menu for aplets that you customize. See “About
customizing an aplet” on page 15-9 for an example of using
the SETVIEWS command.

When you use the SETVIEWS command, the aplet’s standard
VIEWS menu is deleted and the customized menu is used in
its place. You only need to apply the command to an aplet
once. The View menu changes remain unless you apply the
command again.

Typically, you develop a program that uses the SETVIEWS
command only. The command contains a trio of arguments for
each menu option to create, or program to attach. Keep the
following points in mind when using this command:

¢ The SETVIEWS command deletes an aplet’s standard
Views menu options. If you want to use any of the
standard options on your reconfigured VIEWS menu,
you must include them in the configuration.

¢ When you invoke the SETVIEWS command, the
changes to an aplet’s VIEWS menu remain with the
aplet. You need to invoke the command on the aplet
again to change the VIEWS menu.
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« All the programs that are called from the VIEWS menu
are transferred when the aplet is transferred, for example
to another calculator or to a PC.

« As part of the VIEWS menu configuration, you can
specify programs that you want transferred with the
aplet, but are not called as menu options. For example,
these can be sub-programs that menu options use, or the
program that defines the aplet's VIEWS menu.

* You can include a “Start” option in the VIEWS menu to
specify a program that you want to run automatically
when the aplet starts. This program typically sets up the
aplet’s initial configuration. The Start option on the menu
is also useful for resetting the aplet.

Command syntax

The syntax for the command is as follows:

SETVI EW6

"Prompt1"; "ProgramNamel"; ViewNumber1;
"Prompt2"; "ProgramName2"; ViewNumber2:
(You can repeat as maifyompt/ProgramName/
ViewNumber trios of arguments as you like.)

Within eachPrompt/ProgramName/ViewNumber trio, you
separate each item with a semi-colon.

Prompt

Prompt is the text that is displayed for the corresponding entry
in the Views menu. Enclose the prompt text in double quotes.

Associating programs with your aplet

If Prompt consists of a single space, then no entry appears in
the view menu. The program specified in BregramName

item is associated with the aplet and transferred whenever the
aplet is transmitted. Typically, you do this if you want to
transfer the Setviews program with the aplet, or you want to
transfer a sub-program that other menu programs use.
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Auto-run programs

If the Prompt item is “Start”, then thBrogramName program
runs whenever you start the aplet. This is useful for setting up
a program to configure the aplet. Users can select the Start
item from the Views menu to reset the aplet if they change
configurations.

You can also define a menu item called “Reset” which is
autorun if the user chooses the RESET button in the APLET
view.

ProgramName

ProgramName is the name of the program that runs when the
corresponding menu entry is selected. All programs that are
identified in the aplet's SETVIEWS command are transferred
when the aplet is transmitted.

ViewNumber

ViewNumber is the number of a view to start after the program
finishes running. For example, if you want the menu option to
display the Plot view when the associated program finishes,
you would specify 1 as théewNumber value.

Including standard menu options

To include one of an aplet’s standard View menu options in
your customized menu, set up the arguments trio as follows:

e The first argument specifies the menu item name:

— Leave the argument empty to use the standard Views
menu name for the iteror

— Enter a menu item name to replace the standard
name.

« The second argument specifies the program to run:
— Leave the argument empty to run the standard menu
option.
— Insert a program name to run the program before the
standard menu option is selected.
¢ The third argument specifies the view and the menu
number for the item. Determine the menu number from
the View numbers table below.

Note: SETVIEWSwith no arguments resets the views to
default of the base aplet.
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UNCHECK

View numbers

The views are numbered as follows:

0 HOME 11
1 Plot 12
2 Symbolic 13
3 Numeric 14
4 Plot-Setup 15
5 Symbolic-Setup 16
6 Numeric-Setup 17
7 Views 18
8 Note 19
9 Sketch view 20
10 Aplet Catalog 21

List Catalog
Matrix Catalog
Notepad Catalog
Programs Catalog
Plot-Detail
Plot-Table
Overlay Plot
Auto scale
Decimal

Integer

Trig

Unchecks (unselects) the corresponding function in the
current aplet. For example, Uncheck 3 would uncheck F3 if

the current aplet is Function.

UNCHECK n

Branch commands

Branch commands et a program make adecision based onthe
result of one or more tests. Unlike the other programming
commands, the branch commands work in logical groups.
Therefore, the commands are described together rather than

IF.. THEN...END

each independently.

Executes a sequence of commands in the true—clauseonly if
the test—clausevaluates to true. Its syntax is:

| F test—clause
THEN true—clauseEND
Example

1»A .
| F A==1

THEN MSGBOX A " EQUALS 1"

END

Programming
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IF... THEN...
ELSE... END

CASE...END

IFERR...
THEN...
END...

Executes the true-clause sequence of commandsif the test-
clauseistrue, or the fal se-clause sequence of commandsif the
test-clause isfalse.

| F test—clause
THEN true-clause ELSE false-clauseEND
Example

1I»A

IF A==1

THEN MBGBOX A " EQUALS 1"

ELSE MSGEBOX A " IS NOT EQUAL TO 1"
END

Executes a series of test-clause commands that execute the
appropriate true-clausesequence of commands. Its syntax is:

CASE
| F test-clause THEN true-clause END

| F test-clausg THEN true-clause END

| F test-clausg THEN true-clausg END
END

When CASE is executed, test-clauseis evaluated. If the test
istrue, true-clausg is executed, and execution skipsto END.
If test-clauseif false, execution proceeds to test-clause
Execution with the CASE structure continues until a true-
clauseisexecuted (or until all the test-clauses evaluate to
false).

Many conditions are automatically recognized by the HP
39G/40G as error conditionsand are automatically treated as
errorsin programs.

IFERR...THEN...END allows a program to intercept error
conditions that otherwise would cause the program to abort.
Itssyntax is:

| FERR trap-clause
THEN error-clause END
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RUN

STOP

Runs the named program. If your program name contains
specia characters, such asa space, then you must enclose the
filenamein double quotes (" ).

RUN "program name" or RUN programname

Stops the current program.
STOP

Drawing commands

ARC

BOX

ERASE

The Drawing commands act on the display. The scale of the
display depends on the current aplet’s Xmin, Xmax, Y min,
and Y max values. The following examples assume the HP
39G/40G default settings with the Function aplet asthe
current aplet.

Drawsacircular arc, of given radians, whose centreis at (x,y)
The arc isdrawn from start_angle_measurement, and
end_angle_measurement.

ARCX; y; radius; start_angle_measurment;
end_angle_measurment:
Example

ARCO; 0; 2; 0; 360:

FREEZE:
Draws acircle centered
at (0,0) of radius 2. The

FREEZE command
causesthecircleto
remain displayed on the screen until you press a key.

Draws a box with opposite corners (x1,y1) and (x2,y2).
BOX x1,y1;x2;y2:
Example
BOX -1;-1;1;1:
FREEZE:
Draws a box, lower |:|
corner at (-1,-1), upper
corner at (1,1)

Clears the display
ERASE:
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FREEZE Halts the program, freezing the current display. Execution
resumes when any key is pressed.

LINE Draws aline from (x1, y1) to (x2, y2).
LI NE x1,y1;x2;y2:

PIXOFF Turns off the pixel at the specified coordinates (x,y).
Pl XOFF x; y:
PIXON Turns on the pixel at the specified coordinates (x,y).
Pl XONx; v
TLINE Toggles the pixels along the line from (x1, y1) to (x2, y2) on

and off. Any pixel that was turned off, isturned on; any pixel
that was turned on, is turned off. TLINE can be used to erase
aline.

TLI NE X1; y1; x2; y2:
Example

TLINE 0; 0O; 3; 3:
Erases previously drawn 45 degree line from (0,0) to
(3,3), or draws that line if it doesn'’t already exist.

Graphic commands

The Graphic commands use the graphics variables GO through
G9—or the Page variable from Sketch—gaaphicname
arguments. Theosition argument takes the form,y).

Position coordinates depend on the current aplet's scale,
which is specified by Xmin, Xmax, Ymin, and Ymax. The
upper left corner of the target graphicephic2) is at
(Xmin,Ymax).

You can capture the current display and store it in GO by

simultaneously pressingN]+(PLOT].
DISPLAY - Stores the current display gnaphicname.
DI SPLAY - graphicname
- DISPLAY Displays graphic frongraphicname in the display.
- DI SPLAY graphicname
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- GROB Createsagraphic from expression, using font_size, and stores
theresulting graphicin graphicname. Font sizesare 1, 2, or 3.
If the fontsize argument is 0, the HP 39G/40G creates a
graphic display like that created by the SHOWNoperation.

- GROB graphicname; expression, fontsize
GROBNOT Replaces graphic in graphicname with bitwise-inverted
graphic.
GROBNOT  graphicname
GROBOR Using the logical OR, superimposes graphicname2 onto

graphicnamel. The upper left corner of graphicname2 is
placed at position.

GROBOR graphicnamel, position, graphicname2
GROBXOR Using the logical XOR, superimposes graphicname2 onto

graphicnamel. The upper left corner of graphicname2 is
placed at position.

GROBXOR graphicnamel, position, graphicname2
MAKEGROB Creates graphic with given width, height, and hexadecimal
data, and storesit in graphicname.
MAKEGROB  graphicname;width;height; hexdata

PLOT - Stores the Plot view display as agraphic in graphicname.
PLOT - graphicname

PLOT - and DI SPLAY - can be used to transfer a copy of
the current PLOT view into the sketch view of the aplet for
later use and editing.

Example 1 »PageNum
PLOT - Page:
FREEZE:

This program stores the current PLOT view to the first page
in the sketch view of the current aplet and then displaysthe
sketch as a graphic object until any key is pressed.
-PLOT Puts graph from graphicname into the Plot view display.
- PLOT graphicname:
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REPLACE

SUB

ZEROGROB

Replaces portion of graphic in graphicnamel with
graphicname2, starting at position. REPLACE & so works
for lists and matrices.

REPL ACE graphicnamel; (position); graphicname2:
Extracts aportion of the named graphic (or list or matrix), and

stores it in anew variable, name. The portion is specified by
position and positions.

SUB name; graphicname; (position); (positions):
Creates a blank graphic with given width and height, and
storesit in graphicname.

ZEROGROB graphicname; width; height:

Loop commands

DO...UNTIL
...END

WHILE...
REPEAT...
END

Loop structures allow a program to execute a routine
repeatedly. The HP 39G/40G has three loop structures. The
example programs below illustrate each of these structures
incrementing the variable A from 1 to 12.

Do ...Unti | ...End isaloop structurethat executestheloop-
clause repeatedly until test-clause returns a true (nonzero)
result. Because the test is executed after the loop-clause, the
loop-clause is always executed at least once. Its syntax is:

DO loop-clause UNTI L test-clause END

1» A
DOA+1» A
UNTIL A == 12
END

Wi | e ... Repeat ... End isaloop structure that repeatedly
evaluatestest-clause and executes|oop-clause sequenceif the
test is true. Because the test-clause is executed before the
loop-clause, the loop-clause is not executed if thetest is
initidly false. Its syntax is:

WHI LE test-clause REPEAT loop-clause END

1» A

WH LE A < 12
REPEAT A+1 » A
END
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FOR...TO...STEP
...END

BREAK

FOR name=start-expression TO end-expression
[ STEP increment];

loop-clause END

FOR A=1 TO 12 STEP 1;
DI SP 3; A

END

Note that the STEP parameter is optional. If it is omitted, a
step value of 1 isassumed.

Terminates | oop.
BREAK

Matrix commands

ADDCOL

ADDROW

DELCOL

DELROW

EDITMAT

The matrix commands take variables MO-M9 as arguments.

Add Column. Insertsalues into a column before

column_number in the specified matriXYou enter thevalues

as a vector. The values must be separated by commas and the
number of values must be the same as the number of rows in
the matrixname.

ADDCOL name; [ valuel,...,value,] ; column_number
Add Row. Insertsalues into a row beforeow_number in the
specified matrix. You enter the values as a vector. The values

must be separated by commas and the number of values must
be the same as the number of columns in the mame.

ADDROW name; [ valuey, . . ., value] ; row_number
Delete Column. Deletes the specified column from the
specified matrix

DELCOL name; column_number
Delete Row. Deletes the specified row from the specified
matrix.

DEL ROWname; row_number
Starts the Matrix Editor and displays the specified matrix. If

used in programming, returns to the program when user
presse€ia.

EDI TMAT name
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RANDMAT Creates random matrix with a specified number of rows and
columns and stores the result in name
(name must be MD. . . MB). The entries will be integers
ranging from -9 to 9.

RANDIVAT name; rows; columns
REDIM Redimensions the specified matrix or vectosite. For a

matrix,sizeis a list of two integersi{l,n2}. For a vectorsize
is a list containing one integen},

REDI Mname; size
REPLACE Replaces portion of a matrix or vector storedame with an
object starting at positiosiart. start for a matrix is a list

containing two numbers; for a vector, it is a single number.
Replace also works with lists and graphics.

REPLACE name; start; object
SCALE Multiplies the specifiedow_number of the specified matrix
by value.
SCALE name; value; rownumber
SCALEADD Multiplies the row of the matrirame by value, then adds this
result to the second specified row.
SCALEADD name; value; rowl; row2
SUB Extracts asub-object—aportion of alist, matrix, or graphic
from object—and stores it intoame. start andend are each

specified using a list with two numbers for a matrix, a number
for vector or lists, or an ordered pair, (X,Y), for graphics.

SUB name; object; start; end
SWAPCOL Swaps Columns. Exchangedumnl andcolumn2 of the
specified matrix

SWAPCCL name; columnl; column2

SWAPROW Swap Rows. Exchangeswlandrow? in the specified
matrix.

SVWAPROWhame; rowl; row2
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Print commands

PRDISPLAY

PRHISTORY

PRVAR

These commands print to an HP infrared printer, for example
the HP 82240B printer. Note: The HP 40G does not have an
infrared port and will not print to an infrared printer.

Prints the contents of the display.

PRDI SPLAY

Prints al objectsin the history.
PRHI STORY

Prints name and contents of variablename.
PRVAR variablename

Y ou can also use the PRVAR command to print the contents
of aprogram or anote.

PRVAR programname; PROG
PRVAR notename; NOTE

Prompt commands

BEEP

CHOOSE

Y ou can use the following commands to prompt users for
input during your program or to provide information to users.

Beeps at the frequency and for the time you specify.
BEEP frequency; seconds

Creates a Choose Box, which isabox containing a list of
options from which the user chooses one. Each option is
numbered, 1 through n. The result of the choose command is
to store the number of the option chosen in avariable. The
syntax is

CHOOCSE default_option_number; title; optiony; options;
...option,

where default_option_number isthe number of the option that
will be highlighted by default whenever the Choose Box is
displayed, title is the text displayed in the title bar of the
Choose Box, and option...option,, arethe optionslisted in the
Choose Box.
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DISP

DISPTIME

EDITMAT

Example
3 » A CHOCSE A;

"OOM C STRI PS":
. DI LBERT",
" CALVI N&HOBBES' ; K

"BLONDI E"; I I 7T

Displays textitemin arow of the display at the line_number.
A text item consists of any number of expressions and quoted
strings of text. The expressions are evaluated and turned into
strings. Linesare numbered from thetop of the screen, 1 being
the top and 7 being the bottom.

DI SP line_number;textitem

Example

DISP3;"Ais" 2+2
Result: A is 4 A IS 4
(displayed on line 3)

[WEW [ [SEND]RECY ]

Displays the current date and time.
DISPTIME

To set the date and time, simply store the correct settingsin
the date and time variables. Use the following formats:
M DDYYYY for the date and H. MVBS for the time.

Examples
5. 152000 » DATE( setsthe date to May 15, 2000).
10. 1500 » TI ME (setsthetimeto 10:15 am).
Matrix Editor. Opens the Matrix editor for the specified
matrix. Returns to the program when user presses E&
EDI TMAT matrixname
The EDI TMAT command can also be used to create matrices.

1. Press (SHIFT] cMDs )] (]

2. Press M 1, and then press (ENTER].
3. TheMatrix catalog opens with M1 available for editing.

EDI TMAT matrixname is a shortcut to opening the
matrix editor with matrixname.
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FREEZE

GETKEY

INPUT

This command prevents the display from being updated after
the program runs. This allows you to view the graphics
created by the program. Cancel FREEZE by pressing any key.

FREEZE

Waitsfor akey, then storesthe keycode rc.p in name, wherer
isrow number, ¢ is column number, and p is key-plane
number. The key-planes numbers are: 1 for unshifted; 2 for
shifted; 4 for alpha-shifted; and 5 for both alpha-shifted and
shifted.

GETKEY name

Creates an input form with atitle bar and onefield. Thefield
hasalabel and adefault value. Thereistext help at the bottom
of the form. The user enters avalue and presses the EE menu
key. The value that the user entersis stored in the variable
name. Thetitle, label, and helpitems aretext strings and need
to be enclosed in double quotes.

Use (SHIFT]JCHARS to type the quote marks " .
I NPUT name, title, label; help; default
Example
INPUT R, "Circular Area";
"Radi us";
"Enter Nunmber";1:
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MSGBOX

Displays a message box containing textitem. A text item
consists of any humber of expressions and quoted strings of
text. The expressions are evaluated and turned into strings of
text. For example,

"AREA | S: " 2+2becomesAREA | S: 4.Use CHARS
to type the quote marks" ".

MBGBOX textitem:
Example

1» A
MSGBOX "AREA | S: "1 AN2:

Y ou can also use the NoteText variable to provide text
arguments. This can be used to insert line bresks. For

example, press (SHIFT)NOTE and type AREA | S [ENTER].
The position line
MSGBOX Not eText " " T AM2:

will display the same message box as the previous example.

PROMPT Displays an input box with name as the title, and prompts for
avaue for name. name can only be one character in length.
PROVPT name
WAIT Halts program execution for the specified number of seconds.
WAI T seconds
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Stat-One and Stat-Two commands

The following commands are used for analysis of one-
variable and two-variable statistical data.

Stat-One commands

DO1VSTATS Calculates STATSusing datasetname and storestheresultsin
the corresponding variables: N, Tot>, MeanZ, PVarz,
SVarZ, PSDev, SSDev, MinZ, Q1, Median, Q3, and Maxz.
Datasetname can be H1, H2, ..., or H5. Datasetname must
define at least two data points.

DOLVSTATS datasetname
SETFREQ Defines datasetname frequency according to column or value.

Datasetname can be H1, H2,..., or H5, column can be C0-C9
and value can be any positive integer.

SETFREQdatasetname; column
or

SETFREQdefinition; value

SETSAMPLE Definesdatasetname sample according twlumn.
Datasetname can be H1-H5, and column can be CO-C9.

SETSAMPLE datasetname; column

Stat-Two commands

DO2VSTATS Calculates STATS usindptasetname and stores the results in
corresponding variables: MeanXX, X2, MeanY,xY,
2Y2, 2XY, Corr, PCov, SCov, and RELERRatasetname
can be SlI, S2,..., or SBatasetname must define at least four
pairs of data points.

DO2VSTATS datasetname

SETDEPEND Definesdatasetname dependentolumn. Datasethame can be
S1, S2, ..., or S5 amwblumn can be CO-C9.

SETDEPEND datasetname; column

SETINDEP Definesdatasetname independentolumn. Datasetname can
be S1, S2,..., or S5 amdlumn can be C0O-C9.

SET! NDEP datasetname; column
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Storing and retrieving variables in programs

The HP 39G/40G has both Home variables and Aplet
variables. Home variables are used for real numbers, complex
numbers, graphics, lists, and matrices. Home variables keep
the same valuesin HOME and in aplets.

Aplet variables are those whose val ues depend on the current
aplet. The aplet variables are used in programming to emul ate
the definitions and settings you make when working with
apletsinteractively.

Y ou use the Variable menu ([VARS)) to retrieve either Home
variables or aplet variables. See “The VARS menu” on
page 11-4. Not all variables are available in every aplet.
S1fit—S5fit, for example, are only available in the Statistics
aplet.

Under each variable nameisallist of the aplets where the
variable can be used.

Plot-view variables

The following aplet variables control the Plot view.

Area Contains the last value found by the Area function in Plot-
Function FCN menu.
Axes Turns axes on or off.
All Aplets
From Plot Setup, check (or unchecldXES.
or
In a program, type:
1 » Axes—to turn axes on (default).
0 » Axes—to turn axes off.
Connect Draws lines between successively plotted points.
Function . From Plot Setup, check (or uncheckFONNECT.
Parametric
Polar or
Solve In a program, type
Statistics )
1 » Connect —to connect plotted points (default,
except in Statistics where the default is off).
0 » Connect —not to connect plotted points.
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Coord
Function
Parametric
Polar
Sequence
Solve
Statistics

Extremum
Function

FastRes
Function
Solve

Grid
All Aplets

Hmin/Hmax
Statistics

Turns the coordinate-display mode in Plot view on or off.

From Plot view, use the Menu mean key to toggle coordinate
display on an off.

In aprogram, type

1 » Coor d—to turn coordinate display on (default).
0 » Coor d—to turn coordinate display off.

Contains the last value found by the Extremum operation in
the Plot-FCN menu.

Toggles resolution between plotting in every other column
(faster), or plotting in every column (more detail).

From Plot Setup, choose Faster or More Detalil.

or

In a program, type

1 » Fast Res—for faster (default).
0 » Fast Res—for more detail.

Turns the background grid in Plot view on or off. From Plot
setup, check (or uncheck)GRI D.
or
In a program, type
1 » Gidtoturnthe grid on.
0 » Gid to turn the grid off (default).
Defines minimum and maximum values for histogram bars.

From Plot Setup for one-variable statistics, set values for
HRNG.

or

In a program, type
n, » Hmin
n, » Hrax

where n, >n;
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Hwidth

Sets the width of histogram bars.

Statistics From Plot Setup in 1VAR stats set avalue for Hwi dt h
or
In aprogram, type
n» Hwi dth
Indep Defines the value of the independent variable used in tracing
All Aplets mode.
In aprogram, type
n» | ndep
InvCross Toggles between solid crosshairs or inverted crosshairs.
All Aplets (Inverted is useful if the background is solid).
From Plot Setup, check (or uncheck) __I nvCr oss
or
In a program, type:
1 » | nvCr oss—to invert the crosshairs.
0 » I nvCross —for solid crosshairs (default).
Isect Contains the last value found by the Intersection function in
Function the Plot-FCN menu.
Labels Draws labels in Plot view showing X and Y ranges.
All Aplets From Plot Setup, check (or uncheck)abel s
or
In a program, type
1 »Label s—to turn labels on.
0 »Label s—to turn labels off (default).
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Nmin / Nmax
Sequence

Recenter
All Aplets

Root
Function

S1mark—S5mark

Statistics

SegPlot
Sequence

Defines the minimum and maximum independent variable
values. Appears as the NRNGfields in the Plot Setup input
form.

From Plot Setup, enter values for NRNG.
or
In aprogram, type

n, »Nmin

n, » Nmax

where n,>n;

Recenters at the crosshairs locations when zooming.

From Plot-Zoom-Set Factors, check (or uncheck) __
Recent er

or
In aprogram, type
1 » Recent er —to turn recenter on (default).
0 » Recent er —to turn recenter off.

Contains the last value found by tReot function in the
Plot-FCN menu.
Defines the mark to use for statistics 2-variable scatter plots.

From Plot Setup for two-variable statistics, S1mar k-
S5mar k, then choose a mark.

or
In aprogram, type

n » Slnark

where nis 1,2,3,...5
Toggles type of sequence plot: Stairstep or Cobweb.

From Plot Setup, select SeqPl ot , thenchoose St ai r st ep
or Cobweb.

or
In aprogram, type

1 » SeqPl ot —for stairstep.
2 » SeqPl ot —for cobweb.
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Simult Toggles between simultaneous and sequential graphing of all

Function selected expressions.

Parametric From Plot Setup, check (or uncheck) _SI MULT
Polar

Sequence or

In aprogram, type

1 » Si nul t —for simultaneous graphing.
0 » Si mul t —for sequential graphing.

Slope Contains the last value found by the Slope function in the
Function Plot—FCN menu.

StatPlot Toggles type of 1-variable statistics plot between Histogram
Statistics or Box—and-Whisker.

From Plot Setup, sele&t at Pl ot , then choose
Hi st ogr amor Box\Wi sker .

or
In a program, type

1» Stat Pl ot —for Histogram.
2 » Stat Pl ot —for BoxWhisker.

Umin/Umax Defines the minimum and maximum independent values.
Polar Appears as theRNGfield in the Plot Setup input form.

From the Plot Setup input form, enter valuesUBNG.
or
In a program, type

n,» Umin

n, » Umax

wheren, >n;

Ustep Defines the step size for an independent variable.
Polar From the Plot Setup input form, enter valuesUsTEP.
or
In a program, type
n» Ustep

wheren>0
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Tmin / Tmax
Parametric

Tracing
All Aplets

Tstep

Parametric

Xcross

All Aplets

Ycross
All Aplets

Defines the minimum and maximum independent variable
values. Appears as the TRNGfield in the Plot Setup input
form.

From Plot Setup, enter values for TRNG
or

In aprogram, type

n, » Tmin

n, » Tmax

where n, >n;

Turns tracing mode on or off in Plot view.
In aprogram, type

1 » Traci ng—to turn Tracing mode on (default).
0 » Traci ng—to turn Tracing mode off.

Defines the step size for an independent variable.
From the Plot Setup input form, enter valuesT8TEP.
or
In a program, type

n » Tstep

wheren>0
Defines the horizontal coordinate of crosshairs. Only works
with TRACE off.
In a program, type

n» Xcross

Defines the vertical coordinate of crosshairs. Only works with
TRACE off.

In a program, type

n» Ycross
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Xtick
All Aplets

Ytick
All Aplets

Xmin / Xmax
All Aplets

Ymin / Ymax
All Aplets

Defines the distance between tick marks for the horizontal
axis.

From the Plot Setup input form, enter avalue for Xt i ck.
or
In aprogram, type

n» Xtick where n>0

Defines the distance between tick marks for the vertical axis.
From the Plot Setup input form, enter avalue for Yt i ck.
or
In aprogram, type
n» Ytick wheren>0
Defines the minimum and maximum horizontal values of the

plot screen. Appears as the XRNGfields (horizontal range) in
the Plot Setup input form.

From Plot Setup, enter values for XRNG.
or
In aprogram, type

ng» Xmn

n, » Xmax

where n,>n;

Defines the minimum and maximum vertical values of the
plot screen. Appears asthe YRNGfields (vertical range) inthe
Plot Setup input form.

From Plot Setup, enter the values for YRNG.
or
In aprogram, type

n,» Ymn

n,» Ymax

where n,>n;
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Xzoom
All Aplets

Yzoom
All Aplets

Sets the horizontal zoom factor.

From Plot-ZOOM-Set Factors, enter the value for XZOOM
or

In aprogram, type

n » XZOOM
where n>0

Sets the vertical zoom factor.
From Plot-ZOOM-Set Factors, enter the value for YZOOM

or
In aprogram, type

n » YZOOM

Symbolic-view variables

Angle
All Aplets

F1...F9, FO
Function

The following aplet variables available in the Symbolic view.

Sets the angle mode.

From Symbalic Setup, choose Degr ees, Radi ans, or
G ads for angle measure.

or

In aprogram, type

1» Angl e —for Degrees.
2» Angl e —for Radians.
3» Angl e—for Grads.

Can contain any expression. Independent varial{e is

Example

"SINCX)’ » F1(X)

In the above example, you must put single quotes around the
expression to keep it from being evaluated before it is stored.
Use [SHIFTJCHARS to type the single quote mark.

Programming
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X1, Y1...X9,Y9
X0,YO
Parametric

R1...R9, RO
Polar

Ul...U9, U0
Sequence

El...E9, EO
Solve

S1fit...S5fit

Statistics

Can contain any expression. Independent variableisT.
Example
"SIN(4*T)’ » YI(T): ' 2*SIN(6*T)’ STO»
X1(T)
Can contain any expression. Independent variableis 6.
Example
"2*SIN(2*0)’ » RIL(6)

Can contain any expression. Independent variableis N.
Example
RECURSE (U, UN-1)*N, 1,2) » UL(N)

Can contain any equation or expression. Independent variable
is selected by highlighting it in Numeric View.

Example
P X+Y*X-2=Y" » E1

Defines the type of fit to be used by the FIT operation in
drawing the regression line.

From Symbolic Setup view, specify thefit in thefield for
SIFIT, S2FIT, etc.

or

In aprogram, store one of the following constant names or
numbersinto avariable S1fi t, S2f it , etc.

Li near

LogFi t

ExpFi t

Power

QuadFi t

Cubi c

Logi st

User defi ned

© N Ok wwDdhPE

Example
Cubic » S2fit
or

6 » S2fit
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Numeric-view variables

C1..C9, CO
Statistics

Digits
All Aplets

The following aplet variables control the Numeric view. The
value of the variable applies to the current aplet only.

C0 through C9, for columns of data. Can contain lists.
Enter datain the Numeric view
or
In aprogram, type
LI ST»Cn
wheren=0, 1, 2, 3 ... 9

Number of decimal places to use for Number format.

From Solve’'s Numeric Setup view, enter avaluein the second
field of Nunber For mat .

or

In aprogram, type
neDigits
where0<n<11

ExceptinSol ve,thevalueof Di gi t s takeseffect only after
the current aplet is saved with anew name. Until then,
HDi gi t isin effect.

Programming
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Format
All Aplets

NumcCol

All Aplets except
Statistics aplet

Defines the number display format.

From Solve’'s Numeric Setup view, choose St andar d,
Fi xed, Sci enti fi c,or Engi neeri ng intheNunber
For mat field.

or

In aprogram, store the constant name (or its number) into the
variable For mat .

1. Standard

2. Fixed

3. Scientific

4. Engi neering

Note: Fractionisnot a valid mode in aplets.

Except in Solve, the value of Format takes effect only after the
current aplet is saved with anew name. Until then, HFor mat
isin effect.

Example
Sci entific » Format
or

3 » Format

Defines the highlighted column in Numeric view.
In a program, type

n» Nuntol
wherencanbe0, 1, 2,3,4,5,6,7,8,9.

NumFont Togglesthefont sizein Numeric view. Does not appear in the
Function Num Setup input form. Corresponds to the BIG key in
Parametric Numeric view.
Polar In aprogram, type
Sequence
Statistics 0 » Nunfont for sr_nall (default).
1 » Nunfont for big.
Numindep List of independent values used by Build Y our Own Table.
Function . In aprogram, type
Parametric
Polar LI ST> Num ndep
Sequence
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NumRow
All Aplets except
Statistics aplet

NumStart
Function
Parametric
Polar
Sequence

NumStep
Function
Parametric
Polar
Sequence

NumType
Function
Parametric
Polar
Sequence

NumZoom
Function
Parametric
Polar
Sequence

Defines the highlighted row in Numeric view.
In aprogram, type
n» NunmRow

wheren>0

Defines the starting value for atable in Numeric view.
From Num Setup, enter avalue for NUVSTART.
or
In aprogram, type
n» Nuntt ar t
Defines the step size (increment value) for an independent
variable in Numeric view.
From Num Setup, enter avalue for NUMSTEP.
or
In aprogram, type

n» Nuntt ep
where n>0

Choose atable format.

From Num Setup, choose Aut omat i ¢ or Bui | d Your
omn.

or
In aprogram, type

0 » NuniType for Build Your Own.

1 » NuniType for Automatic (default).
Defines the Zoom factor in the Numeric view.
From Num Setup, type in avalue for NUMZOOM
or
In aprogram, type

n» NunZoom
where n>0

Programming
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StatMode Toggles between 1-variable and 2—variable statistics in the

Statistics Statistics aplet. Does not appear in the Plot Setup input form.
Corresponds to trEiEIET andEEIL] menu keys in Numeric
View.

In a program, store the constant name (or its number) into the
variable StatModel VAR=1, 2VAR=2.

Example
1VAR » St at Mode
or

1 » StatMde

Note variables
The following aplet variable is available in Note view.

NoteText Use NoteText to recall text previously entered in Note view.
All Aplets

Sketch variables

The following aplet variables are available in Sketch view.

Page Defines gpage in a sketch set. A sketch set can contain up to
All Aplets 10 graphics. The graphics can be viewed one at a time using
the CEEER andEIEEA keys.

The Page variable refers to the currently displayed page of a
sketch set.

In a program, type
graphicname » Page
PageNum Index for referring to a particular page of the sketch set (in
All Aplets Sketch view).

In a program, type the page that is shown SKETCH
is pressed.

n » PageNum
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16

Extending aplets

Aplets are the application environments where you explore
different classes of mathematical operations.

Y ou can extend the capability of the HP 39G/40G in the
following ways:

» Create new aplets, based on existing aplets, with specific
configurations such as angle measure, graphical or
tabular settings, and annotations.

» Transmit aplets between HP 39G calculators via an infra
red link.

» Download e-lessons (teaching aplets) from the Hewlett-
Packard’s Calculator web site.

* Program new aplets. See chapter 15, Programming, for
further details.

Creating new aplets based on existing
aplets

You can create a new aplet based on an existing aplet. To
create a new aplet, save an existing aplet under a new name,
then modify the aplet to add the configurations and the
functionality that you want. You can send your aplet to other
calculators so that other people can use it.

Information that defines an aplet is saved automatically as it
is entered into the calculator.

To keep as much memory available for storage as possible,
delete any aplets you no longer need.
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Aplet Keys

Example: To create
anew aplet from an
existing Solve aplet

n

Key Meaning

ZBUE Saves the highlighted aplet with a name.

BEZET Resets the default values and settings
the highlighted aplet. This erases any
stored data or functions.

Alphabetically or chronologically sorts
the items in the Aplet Library menu list.

Transmits the highlighted aplet to
another HP 39G/40G or a storage
device.

RELCLL Receives the aplet sent from another

(receive) HP 39G/40G or storage device.

STHET Opens the selected aplet.

(or (ENTER))

A simple example of a customized aplet isthe TRIANGLES
aplet. Thisaplet isacopy of the Solve aplet containing the
formulas commonly used in calculationsinvolving
right—angled triangles.

1. In APLET, highlightSol ve and SAVE it under the new

name.

(APLET) Slect Sol ve
TRIANGLES

MEW NAME: i) {¥]=]

TRIANGLES
I

2. Enter the four formulas:

) (ALPIA) ©
() 8 (aria) O

S TRIANGLES SWMEDLIC VIEW 5555
El1:SIMCA»=0-H

Ez2:COSCAY=A-H

=) H EZ: TAMLA »=0-A

cos) (ALPHA) 6 ) B ME4HEIB ISt i
A ] P N N T

H [ENTER

ALPHA] 6 ) B

APA) A (%) (5] (APTA) B ()

B (ALPHA] C (x2] (ENTER]
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3. Decide whether you want the aplet to operate in Degrees,
Radians, or Grads.
MODES

Sdlect Degr ees
[k

CHOOSE AMGLE MEASURE
1 |

4. Ensurethe TRIANGLES aplet is saved in the Aplet

Library.
TRIAHGLES
The Solve aplet can now E:gﬁj‘; ric
bereset and used for other |1rferential..
problems. Folar B
[ ZAVE |REZET] Z0RT [SEND | RECH [STHRT]
Example: To use To use the aplet, simply select the appropriate formula,
the customized change to the Numeric view and solve for the missing
aplet variable.

Find the length of aladder leaning against avertical wall if it
formsan angle of 35° with the horizontal and extends5 metres

up thewall.
1. Select the aplet. S TRIRNGLES SYMEOLIC WEM 3556
E1:SINCA»=0-H
Select E2:CO5¢A »=A-H
TRl ANGLES E3: TAHCA »=0-A
+E4ifE+BE=C2
STHET I ~
LEDNT [#CHE] = [ [ZHOMEVAL ]

2. Choosethesineformulain [z TrsnGies svmeoLc wiEH SEE
El E1:SIHCAI=0-H
mmmm | S
o : =0
@@@@ =CHE Ed:A2+EE=C2
ES: v

|EDIT [« CHE] = [  [SHOWM]

3. Change to the Numeric S TRIANGLES MUMERIC VIEW S
view and enter theknown  |* 23

5
values. v G
EMTER YALUE Ok PRE:: =OLVE

35 (ENTER ENIT | INFD BEFH [ZOLVE
5 (ENTER
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4. Solvefor the missing R TRIRNGLES NUMERIC VIEW S5
value. :

B

The length of the ladder is
approximately 8.72 metres

Resetting an aplet

Resetting an aplet clears all dataand resets all default settings.

To reset an aplet, open the Library, select the aplet and press
FESETH

You can only reset an aplet that is based on a built-in aplet if
the programmer who created it has provided a Reset option.

Annotating an aplet with notes

The Note view ((SHIFT]NOTE) attaches a note to the current
aplet. See Chapter 14, “Notes and Sketches.”

Annotating an aplet with sketches

HINT

The Sketch view(§HIFT)SKETCH) attaches a picture to the
current aplet. See chapter 14, “Notes and sketches”.

Notes and sketches that you attach to an aplet become part of
the aplet. When you transfer the aplet to another calculator,
the associated note and sketch are transferred as well.

Downloading e-lessons from the web

In addition to the standard aplets that come with the
calculator, you can download aplets from the world wide web.
For example, Hewlett-Packard’s Calculators web site
contains aplets that demonstrate certain mathematical
concepts. Note that you need the Graphing Calculator
Connectivity Kit in order to load aplets from a PC.

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

www.hp.com/calculators
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Sending and receiving aplets

A convenient way to distribute or share problemsin class and
to turn in homework isto transmit (copy) aplets directly from
one HP 39G to another. Thistakes place viatheinfrared port.

Y ou can also send apletsto, and receive aplets from, aremote
storage device (aplet disk drive or computer). Thistakes place
viaa cable connection and requires an aplet disk drive or
special software running on aPC (such asthe PC Connectivity
Kit). Note: The HP 40G does not have an IR port. A PC
adapter and unit—to—unit cable is supplied instead.

To transmit an 1. Connect the storage device to the calculator by cable
aplet or , ,
align the two calculators’ infrared ports by matching up
the triangle marks on the rims of the calculators. Place
the calculators no more than 2 inches (5 cm) apart.

2. Sending calculator: Open the Library, highlight the aplet
to send, and pref&=:Id.
— You have two options: another HP 39G or a disk
drive on a PC. Highlight your selection and pi#figs

— Iftransmitting to a disk drive, you have the options of
sending to the current (default) directory or to
another directory.

3. Receiving calculator: Open the aplet library and press
EECLI

— You have two options: another HP 39G or a disk
drive (or computer). Highlight your selection and
presdia.

The Transmit annunciators» —is displayed until

transmission is complete.

If you are using the PC Connectivity Kit to download aplets
from a PC, you will see a list of aplets in the PC’s current
directory. Check as many items as you would like to receive.
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Sorting items in the aplet library menu list

Once you have entered information into an aplet, you have
defined anew version of an aplet. The information is
automatically saved under the current aplet name, such as
“Function.” To create additional aplets of the same type, you
must give the current aplet a new name.

The advantage of storing an aplet is to allow you to keep a
copy of a working environment for later use.

The aplet library is where you go to manage your aplets. Press
(APLET]. Highlight (using the arrow keys) the name of the
aplet you want to act on.

To sort the In the aplet library, pred&E. Select the sorting scheme and
aplet list Pres$ENTER].

e Chronol ogi cal | y produces a chronological order
based on the date an aplet was last used. (The last-used
aplet appears first, and so on.)

¢ Al phabeti cal | y produces an alphabetical order by

aplet name.
To delete an You cannot delete a built-in aplet. You can only clear its data
aplet and reset its default settings.

To delete a customized aplet, open the aplet library, highlight
the aplet to be deleted, and¢ssL). To delete all custom

aplets, presBHIFT)CLEAR.
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Reference information

Regulatory information

USA

Connections to
peripheral
devices

Canada

This section contains information that shows how the

HP 39G/40G graphing cal culator complieswithregulationsin
certain regions. Any modifications to the cal culator not
expressly approved by Hewlett-Packard could void the
authority to operate the HP 39G/40G in these regions.

This calculator generates, uses, and can radiate radio
frequency energy and may interfere with radio and television
reception. The calculator complies with thelimitsfor a Class
B digital device, pursuant to Part 15 of the FCC Rules. These
limits are designed to provide reasonable protection against
harmful interference in aresidential installation.

However, thereisno guaranteethat interferencewill not occur
in aparticular installation. In the unlikely event that thereis
interference to radio or television reception (which can be
determined by turning the calculator off and on), the user is
encouraged to try to correct theinterference by one or more of
the following measures:

* Reorient or relocate the receiving antenna.
* Relocate the calculator, with respect to the receiver.

Tomaintain compliancewith FCC Rulesand Regul ations, use
only the cable accessories provided.

This Class B digital apparatus complieswith Canadian EMC
Class B requirements.

Cet appareil numérique de la classe B est comforme a la classe

B des normes canadiennes de compatibilité
électromagnétiques (CEM).
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LED safety

Warranty

Theinfrared port located on the top of the calculator is
classified asaClass 1 LED (light emitting diode) device
according to International Standard I1EC 825-1 (EN 60825-1.
This device is not considered harmful, but the following
precautions are recommended:

Do not attempt to make any adjustments to the unit.

Avoid direct eye exposure to the infrared LED beam. Be
aware that the beam isinvisible light and cannot be seen.

Do not attempt to view the infrared LED beam with any
type of optical device.

CLASS1 LED PRODUCT

LEDSCHUTZKLASSE 1 PRODUKT

HP 39G/40G Graphical Calculator
Warranty period: 12 months

1

HP warrants to you, the end-user customer, that HP
hardware, accessories and supplies will be free from
defects in materials and workmanship after the date of
purchase, for the period specified above. If HP receives
notice of such defects during the warranty period, HP
will, at its option, either repair or replace products which
prove to be defective. Replacement products may be
either new or like-new.

HP warrants to you that HP software will not fail to
execute its programming instructions after the date of
purchase, for the period specified above, dueto defectsin
material and workmanship when properly installed and
used. If HP receives notice of such defects during the
warranty period, HP will replace software mediawhich
does not execute its programming instructions due to
such defects.

R-2
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HP does not warrant that the operation of HP products
will be uninterrupted or error free. If HPisunable, within
areasonable time, to repair or replace any product to a
condition aswarranted, you will be entitled to arefund of
the purchase price upon prompt return of the product.

HP products may contain re manufactured parts
equivalent to new in performance or may have been
subject to incidental use.

Warranty does not apply to defects resulting from (a)
improper or inadequate maintenance or calibration, (b)
software, interfacing, parts or supplies not supplied by
HP, (c) unauthorized modification or misuse, (d)
operation outside of the published environmental
specifications for the product, or (€) improper site
preparation or maintenance.

HP MAKES NO OTHER EXPRESSWARRANTY OR
CONDITION WHETHER WRITTEN OR ORAL. TO
THE EXTENT ALLOWED BY LOCAL LAW, ANY
IMPLIED WARRANTY OR CONDITION OF
MERCHANTABILITY, SATISFACTORY QUALITY,
OR FITNESS FOR A PARTICULAR PURPOSE IS
LIMITED TO THE DURATION OF THE EXPRESS
WARRANTY SET FORTH ABOVE. Some countries,
states or provinces do not allow limitations on the
duration of an implied warranty, so the above limitation
or exclusion might not apply to you. Thiswarranty gives
you specific lega rights and you might also have other
rights that vary from country to country, state to state, or
province to province.

TOTHEEXTENT ALLOWED BY LOCAL LAW, THE
REMEDIESIN THISWARRANTY STATEMENT ARE
YOUR SOLE AND EXCLUSIVE REMEDIES.
EXCEPT ASINDICATED ABOVE, IN NO EVENT
WILL HPORITSSUPPLIERSBE LIABLE FOR LOSS
OF DATA OR FOR DIRECT, SPECIAL, INCIDENTAL,
CONSEQUENTIAL (INCLUDING LOST PROFIT OR
DATA), OR OTHER DAMAGE, WHETHER BASED
IN CONTRACT, TORT, OR OTHERWISE. Some
countries, States or provinces do not alow the exclusion
or limitation of incidental or consequential damages, so
the above limitation or exclusion may not apply to you.

Reference information
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8. FORCONSUMER TRANSACTIONSIN AUSTRALIA
AND NEW ZEALAND: THE WARRANTY TERMS
CONTAINED IN THIS STATEMENT, EXCEPT TO
THE EXTENT LAWFULLY PERMITTED, DO NOT
EXCLUDE, RESTRICT OR MODIFY AND ARE IN
ADDITION TO THE MANDATORY STATUTORY
RIGHTS APPLICABLE TO THE SALE OF THIS
PRODUCT TO YOU.

CAS

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

Resetting the HP 39G/40G

If the calculator “locks up” and seems to be stuck, you must
reset it. This is much like resetting a PC. It cancels certain
operations, restores certain conditions, and clears temporary
memory locations. However, it doset clear stored data
(variables, aplet databases, prograumigss you use the
procedure below, “To erase all memory and reset defaults”.

To reset using  Press and hold th@N) key and the third menu key
the keyboard simultaneously, then release them.

If the calculator does not respond to the above key sequence,
then:

1. Turn the calculator over and locate the small hole in the
back of the calculator.

2. Insert the end of a straightened metal paper clip into the
hole as far as it will go. Hold it there for 1 second, then
remove it.

3. PresqoN]. If necessary, pregsn] and the first and last
menu keys simultaneously.
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To erase all memory and reset defaults

If the calculator does not respond to the above resetting
procedures, you might need to restart it by erasing all of
memory. You will lose everything you have stored. All
factory-default settings are restored.

1. Pressand hold the key, the first menu key, and the
last menu key simultaneously.

2. Releaseal keys.

Note: To cancel this process, release only the top-row
keys, then press the third menu key.

If the calculator does not turn on

If the HP 39G/40G does not turn on follow the steps below
until the calculator turns on. Y ou may find that the calcul ator
turns on before you have completed the procedure. If the
calculator still does not turn on, please contact Customer
Support for further information.

1. Pressand hold the key for 10 seconds.

2. Pressand hold the key and the third menu key
simultaneously. Release the third menu key, then release

the key.

3. Pressand hold the key, the first menu key, and the
sixth menu key simultaneously. Release the sixth menu
key, then release the first menu key, and then release the
key.

4. Locatethe small holein the back of the calculator. Insert
the end of a straightened metal paper clip into the hole as
far asit will go. Hold it there for 1 second, then remove
it. Pressthe key.

5. Removethebatteries (see “Batteries” on page R-7), press
and hold thgon] key for 10 seconds, and then put the
batteries back in. Press tfieN) key.
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Glossary

aplet

command

expression

function

HOME

Library

list

matrix

A small application, limited to one
topic. The built-in aplet types are
Function, Parametric, Polar, Sequence,
Solve, and Statistics. An aplet can be
filled with the data and solutions for a
specific problem. It isreusable (like a
program, but easier to use) and it records
all your settings and definitions.

An operation for usein programs.
Commands can store resultsin
variables, but do not display results.
Arguments are separated by semi-
colons, such as DI SP expression; linet.

A number, variable, or algebraic
expression (numbers plus functions)
that produces avalue.

An operation, possibly with arguments,
that returns aresult. It does not store
resultsin variables. The arguments must
be enclosed in parentheses and
separated with commas (or periodsin
Comma mode), such as
CROSS(matrix1,matrix2).

The basic starting point of the
calculator. Go to HOME to do
calculations.

For aplet management: to start, save,
reset, send and receive aplets.

A set of values separated by commas
(periodsif the Decimal Mark isComma)
and enclosed in braces. Lists are
commonly used to enter statistical data
and to evaluate a function with multiple
values. Created and manipulated by the
List editor and catal og.

A two-dimensional array of values
separated by commas (periodsiif the
Decimal Mark is Comma) and enclosed
in nested brackets. Created and
manipulated by the Matrix catalog and
editor. Vectors are also handled by the
Matrix catalog and editor.
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menu A choice of options given in the display.
It can appear as a list or as a seherfu-
key labels across the bottom of the
display.

menu keys The top row of keys. Their operations
depend on the current context. The
labels along the bottom of the display
show the current meanings.

note Text that you write in the Notepad or in
the Note view for a specific aplet.

program A reusable set of instructions that you
record using the Program editor.

sketch A drawing that you make in the Sketch
view for a specific aplet.

variable The name of a number, list, matrix, note,
or graphic that is stored in memory. Use
to store and usf@/ARs] to retrieve.

vector A one-dimensional array of values
separated by commas (periods if the
Decimal Mark is Comma) and enclosed
in single brackets. Created and
manipulated by the Matrix catalog and
editor.

views The possible contexts for an aplet: Plot,
Plot Setup, Numeric, Numeric Setup,
Symbolic, Symbolic Setup, Sketch,
Note, and special views like split
screens.

Operating details
Operating temperature: 0° to 45°C (32° to 113°F).
Storage temperature: —20° to 65C (—4& to 149F).

Operating and storage humidity: 90% relative humidity at
40°C (10£4F) maximum Avoid getting the calculator wet.

Battery operates at 4.5V dc, 60mA maximum.

Batteries

When battery power is low, ti{¢)) annunciator stays on,
even when the calculator is off. There is also a warning
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message that appears when the calculator is on:
Warni ng: Low Bat.

The HP 39G/40G usesthree AAA batteries. Be sureall three
are of the same brand and type. Rechargeabl e batteries are not
recommended because of their lower capacity and more
sudden demise.

To replace batteries:

1. Turn the caculator off and place the slide cover over the
keyboard to prevent keys from being pressed.

CAUTION  Your caculator can lose memory if it isturned on while the
batteries are being removed.
Under no circumstances should the batteries be deliberately
inserted backwards and the calculator turned on. This may
cause hardware damage and will void the warranty.

2. Remove the battery compartment door from the rear of
the calculator by pressing down on the dimple and
pushing the door off.

3. Replace the batteries within 2 minutes to avoid memory
loss. Position the fresh batteries according to the diagram
inside the battery compartment.

The Netherlands This regulation applies only to The Netherlands.

Batteries are delivered with this
product. When empty do not throw
them away but collect as small
chemical waste.

Bij dit produkt zijn batterijen
geleverd. Wanneer deze leeg zijn,
moet U ze niet weggoolen maar
inlevern als KCA.

Menu maps of the VARS menu

Home variables
The home variables are:

Category Available name

Complex Z1..79,70
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Category

Available name (Continued)

Graphic
Library

List
Matrix

Modes

Notepad

Program

Real

Functi on
Par anetric
Pol ar
Sequence
Sol ve
Statistics
User-named

L1..L9, LO
ML..M2, M

Ans
Dat e
HAngl e
HDi gits
HFor mat
lerr

Ti me

User-named

Editline
User-named

A..Z B©

Function aplet variables
The function aplet variables are:

Category Available name

Plot Axes Xcr oss
Connect Ycr oss
Coord Xtick
Fast Res Ytick
Gid Xm n
I ndep Xmax
I nvCross Ym n
Label s Ymax
Recent er Xzoom
Si mul t Yxoom
Traci ng
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Category

Available name (Continued)

Parametric aplet variables

Plot-FCN Area Root
Ext remum Sl ope
| sect

Symbolic Angl e F6
F1 F7
F2 F8
F3 F9
F4 FO
F5

Numeric Digits NunmRow
For mat Nuntt ar t
NunCol Nunst ep
Nuntont Nunilype
Numl ndep NunZoom

Note Not eText

Sketch Page PageNum

The parametric aplet variables are:

Category Available name

Plot Axes Traci ng
Connect Tstep
Coor d Xcr oss
Gid Ycr oss
I ndep Xtick
I nvCross Ytick
Label s Xm n
Recent er Xmax
Si mul t Ymi n
Tm n Ymax
Trrax Xzoom

Yzoom

R-10
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Polar aplet variables

Category Available name (Continued)
Symbolic Angl e Y5
X1 X6
Y1 Y6
X2 X7
Y2 Y7
X3 X8
Y3 Y8
X4 X9
Y4 Y9
X5 X0
YO
Numeric Digits NurmRow
For mat Nuntt ar t
NuntCol Nuntt ep
Nuntont NunmType
Numl ndep NunZoom
Note Not eText
Sketch Page PageNum
The polar aplet variables are:
Category Available names
Axes
Connect Xcross
Coord Ycr oss
Gid Xtick
| ndep Ytick
I nvCross Xm n
Label s Xmax
Recent er Ym n
Si mul t Ymax
Umi n Xzoom
Umax Yxoom
Ost ep
Traci ng
Symbolic Angl e R6
R1 R7
R2 R8
R3 R9
R4 RO
R5
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Category Available names (Continued)

Numeric Digits NunmRow
For mat Nunft ar t
NunCol Nunst ep
Nuntont Nunilype
Numl ndep NunZoom

Note Not eText

Sketch Page PageNum

Sequence aplet variables

The sequence aplet variables are;

Category Available name
Plot Axes Traci ng
Coord Xcross
Gid Ycr oss
I ndep Xtick
I nvCross Ytick
Label s Xm n
Nm n Xmax
Nhax Ym n
Recent er Ymax
SeqPI ot Xzoom
Si mul t Yzoom
Symbolic Angl e V3]
ul u7
U2 us
u3 uo
w uo
us
Numeric Digits NunRow
For mat Nuntt ar t
NunCol Nunst ep
Nuntont Nunilype
Numl ndep NunmZoom
Note Not eText
Sketch Page PageNum
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Solve aplet variables

The solve aplet variables are;

Category

Available name

Plot

Symbolic

Numeric

Note

Sketch

Axes
Connect
Coor d
Fast Res
Gid

I ndep

I nvCross
Label s
Recent er
Traci ng

Angl e
E1
E2
E3
E4
E5

Digits
For mat

Not eText

Page

Xcr oss
Ycr oss
Xtick
Ytick
Xm n
Xmax
Ym n
Ymax
Xzoom
Yxoom

E6
E7
E8
E9
EO

NuntCol
NunRow

PageNum
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Statistics aplet variables

The statistics aplet variables are:

Category Available name

Plot Axes S4mar k
Connect S5mar k
Coord St at Pl ot
Gid Traci ng
Hm n Xcross
Hax Ycr oss
Hwi dt h Xtick
I ndep Ytick
I nvCross Xm n
Label s Xmax
Recent er Ym n
Slmar k Ynmax
S2mar k Xzoom
S3mar k Yxoom

Symbolic Angl e S3fit
Sifit SAfit
S2fit S5fit

Numeric c, ... NunfFont
Digits NurmRow
For mat St at Mode
NuntCol

Stat-One MaxZ (0]
MeanZ PSDev
Medi an SSDev
M nX Pvar =
NX Svar X
Q Tot X

Stat-Two Corr 2X
Cov X2
Fit XY
MeanX Y
MeanY 2Y2
Rel Err

Note Not eText

Sketch Page PageNum
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Menu maps of the MATH menu

Math functions

The math functions are:

Category

Available name

Calculus

Complex

Constant

Hyperb.

List

Loop

Matrix

i
TAYLOR
ARG

ACCSH
ASI NH
ATANH
COsH
SI NH

CONCAT
ALl ST
MAKELI ST
Ll ST
PGS

| TERATE
RECURSE
b2

COLNORM
COND
CRCSS
DET

DOoT

El GENVAL
El GENVW
| DENVAT
| NVERSE
LQ

LSQ

LU
MAKEMAT

I M
RE

MAXREAL
M NREAL

TANH
ALOCG

EXPML
LNP1

REVERSE
S| ZE

2LI ST
SORT

RANK
ROANORM
RREF
SCHUR

S| ZE
SPECNORM
SPECRAD
SVD

SWVL
TRACE
TRN
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Category Available name (Continued)
Polynom. POLYCOEF POLYFORM
PCLYEVAL POLYROOT
Prob. COvB UTPC
! UTPF
PERM UTPN
RANDOM UTPT
Rea CEl LI NG M N
DEG- RAD MOD
FLOOR %
FNROOT YECHANGE
FRAC % OTAL
HVS - RAD- DEG
- HVB ROUND
I NT SIGN
MANT TRUNCATE
MAX XPON
Stat-Two PREDX
PREDY
Symbolic = QUAD
| SOLATE QUOTE
LI NEAR? |
Tests < AND
| FTE
s NOT
== m
XOR
z
>
>
Trig ACOT cor
ACSC CsC
ASEC SEC
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Program constants

The program constants are:

Category

Available name

Angle

Format

SegPlot

S1...5fit

StatMode

StatPlot

Degr ees
G ads
Radi ans

St andar d
Fi xed

Cobweb
Stairstep

Li near
LogFi t
ExpFi t
Power

St at 1Vvar
St at 2Var

Hi st
BoxW

Sci
Eng
Fraction

QuadFi t
Cubi ¢
Logi st
User

Reference information



Program commands
The program commands are:

Category Command
Aplet CHECK
SELECT
SETVI EWS
UNCHECK
Branch I F CASE
THEN | FERR
ELSE RUN
END STOP
Drawing ARC LI NE
BOX Pl XOFF
ERASE Pl XON
FREEZE TLI NE
Graphic DI SPLAYR MAKEGROB
RDI SPLAY PLOTR
RGROB RPLOT
GROBNOT REPLACE
GROBOR SUB
GROBXOR ZEROGROB
Loop FOR UNTI L
= END
TO VH LE
STEP REPEAT
END END
DO BREAK
Matrix ADDCOL REDI M
ADDROW REPLACE
DELCOL SCALE
DELROW SCALEADD
EDI TMAT SUB
RANDIVAT SWAPCOL
SWAPROW
Print PRDI SPLAY
PRHI STORY
PRVAR
Prompt BEEP GETKEY
CHOOSE I NPUT
DI SP MSGBOX
DI SPTI ME PROVPT
EDI TMAT VAI T
FREEZE
Stat-One DOLVSTATS SETFREQ
RANDSEED SETSAVPLE
Stat-Two DO2VSTATS
SETDEPEND
SETI NDEP

R-18
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Selected status messages

The status messages are;

M essage M eaning

Bad Argument Type | Incorrect input for this operation.

Bad Argument The valueisout of range for this

Vaue operation.

Infinite Result Math exception, such as 1/0.

Insufficient Y ou must recover some memory

Memory to continue operation. Delete one
or more matrices, lists, notes, or
programs (using catalogs), or
custom (not built-in) aplets (using
MEMORY).

Insufficient Not enough data points for the

Statistics Data calculation. For two-variable

Invalid Dimension
Invalid Statistics
Data

Invalid Syntax

Name Conflict

No Equations
Checked

statistics there must be two
columnsof data, and each column
must have at least four numbers.

Array argument had wrong
dimensions.

Need two columns with equal
numbers of data values.

The function or command you
entered does not include the
proper arguments or order of
arguments. The delimiters
(parentheses, commas, periods,
and semi-colons) must also be
correct. Look up the function
name in the index to find its
proper syntax.

The | (where) function attempted
toassign avalueto the variable of
integration or summation index.

Y ou must enter and check an
equation (Symbolic view) before
evaluating this function.

Reference information




M essage Meaning (Continued)

(OFF SCREEN) Function value, root, extremum,
or intersectionisnot visiblein the
current screen.

Receive Error Problem with data reception from
another calculator. Re-send the
data.

Too Few The command requires more

Arguments arguments than you supplied.

Undefined Name The global variable named does
not exist.

Undefined Result The calculation hasa
mathematically undefined result
(such as 0/0).

Out of Memory Y ou must recover alot of

memory to continue operation.
Delete oneor morematrices, lists,
notes, or programs (using
catalogs), or custom (not built-in)
aplets (using MEMORY).

R-20
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Index

A

absolute value 10-6

add 10-4

algebraic entry 1-18

alpha characters
typing 1-6

alphabetical sorting 16-6

angle measure 1-9
in stetistics 8-10
setting 1-11

animation 14-5
creating 14-5

annunciators 1-3

Ans (last answer) 1-22

antilogarithm 10-4, 10-10

aplet
attaching notes 16-4
clearing 16-4
copying 16-5
definition of R-6
deleting 16-6
Function 10-22
Inference 9-2
key 1-4
library 16-6
Noteview 14-1
opening 1-15
Parametric 4-1
Polar 5-1
receiving 16-5
resetting 16-4
sending 16-5
Sketch view 14-1
Solve 7-1
sorting 16-6
statistics 8-1

aplet commands
CHECK 15-14
SELECT 15-14
SETVIEWS 15-17
UNCHECK 15-17

aplet variables
definition 11-1, 11-8
in Plot view 15-30
new 11-1

aplet views
canceling operationsin 1-1
changing 1-17
note 1-16
Numeric view 1-15
Plot view 1-15
sketch 1-17
split-screen 1-16
Symboalic view 1-15
arc cosecant 10-21
arc cosine 10-5
arc cotangent 10-21
arc secant 10-21
arc sine 10-5
arc tangent 10-5
area
graphical 3-10
interactive 3-10
variable 15-30
arguments
with matrices 12-10
attaching
anoteto an aplet 14-1
asketch to an aplet 14-3
auto scale 2-14
axes
plotting 2-6
variable 15-30

B
bad argument R-19
bad guesses error message 7-7
batteries
changing R-8
low-battery warning R-8
box-and-whisker plot 8-16
branch commands
CASE..END 15-18
IF..THEN...ELSE...END 15-18
IFERR...THEN...EL SE 15-18
RUN 15-19
STOP 15-19
branch structures 15-17
build your own table 2-19
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C

calculus

operations 10-8
catalogs 1-28
chronological sorting 16-6
circle drawing 14-4
clearing

aplet 16-4

characters 1-21

display 1-21

display history 1-24

edit line 1-21

lists 13-6

plot 2-6
cobweb graph 6-2
coefficients

polynomial 10-12
columns

changing position 15-24
combinations 10-13
commamode

with matrices 13-7
commands

aplet 15-14

Branch 15-17

definition of R-6

Drawing 15-19

Graphic 15-20

Loop 15-22

Print 15-25

Program 15-5, R-18

Prompt 15-25

Stat-One 15-29

Stat-Two 15-29

with matrices 12-10
complex functions 10-6, 10-18
complex number functions

conjugate 10-8

imaginary part 10-8

real part 10-8
complex numbers 1-27

entering 1-27

maths functions 10-8

storing 1-28
confidenceintervals 9-16
conjugate 10-8
connecting

data points 8-18

variable 15-30

connectivity kit 16-5
constant? error message 7-7
constants 10-9

e 10-9

i 10-9

maximum real number 10-9

minimum real number 10-9

program R-17
contrast

decreasing display 1-2

increasing display 1-2
coordinate display 2-8
copying

display 1-21

graphics 14-6

notes 14-8

programs 15-8
correlation

coefficient 8-17

CORR 8-17

statistical 8-14
cosecant 10-21
cosine 10-4

inverse hyperbolic 10-9
cotangent 10-21
covariance

statistical 8-14
creating

aplet 16-1

notesin Notepad 14-6

programs 15-4

sketches 14-3
critical value(s) displayed 9-4
cross product

vector 12-10
curvefitting 8-11, 8-17

D
data set definition 8-7
date, setting 15-26
debugging programs 15-7
decimal
changing marker format 1-10
scaling 2-14, 2-16
decreasing display contrast 1-2
definite integral 10-7
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deleting
aplet 16-6
lists 13-6
matrices 12-4
programs 15-9
statistical data 8-10
delimiters, programming 15-1
derivatives
definition of 10-7
in Function aplet 10-24
in Home 10-23
determinant
square matrix 12-10
differentiation 10-7
display 15-20
adjusting contrast 1-2
annunciator line 1-2
capture 15-20
clearing 1-2
date and time 15-26
element 12-5
engineering 1-10
fixed 1-10
fraction 1-10
history 1-21
line 1-21
list elements 13-4
matrices 12-5
parts of 1-2
printing contents 15-25
rescaling 2-14
scientific 1-10
scrolling through history 1-23
soft key labels 1-2
standard 1-10
divide 10-4
drawing
circles 14-4
keys 14-4
lines and boxes 14-3
Drawing commands
ARC 15-19
BOX 15-19
ERASE 15-19
FREEZE 15-20
LINE 15-20
PIXOFF 15-20
PIXON 15-20
TLINE 15-20

E
e 10-9
edit line 1-2
editing

matrices 12-4

notes 14-2

programs 15-5
Editline

Program catalog 15-2
editors 1-28
eigenvalues 12-11
eigenvectors 12-11
element

storing 12-5
E-lessons 1-11
engineering number format 1-10
equals

for equations 10-19

logical test 10-20
equations

solving 7-1
erasing alinein Sketch view 15-20
error messages

bad guesses 7-7

constant? 7-7
exclusive OR 10-21
executing programs 15-7
exiting views 1-17
exponent

minus1 10-10

of value 10-18

raising to 10-6
expression

defining 2-1, R-6

entering in HOME 1-18

evaluating in aplets 2-3

literal 10-20

plot 3-3
extremum

interactive 3-9

F
factorial 10-13
FastRes variable 15-31
fit
acurveto 2VAR data 8-17
choosing 8-11
defining your own 8-12
regression curve 1-29
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fixed number format 1-10
font size
change 3-8, 14-5
forecasting 8-21
fraction number format 1-10
full-precision display 1-10
function
analyse graph with FCN tools 3-3
definition 2-2
definition of R-6
entering 1-18
gamma 10-13
intersection point 3-4
math menu R-15
quadratic 3-4
slope 3-5
syntax 10-3
tracing 2-8
Function aplet 2-21, 3-1
function variables
Area 15-30
Axes 15-30
Connect 15-30
FastRes 15-31
Grid 15-31
in menu map R-9
Indep 15-32
Isect 15-32
Labels 15-33
Recenter 15-33
Root 15-33
Ycross 15-36

G
glossary R-6
graph
analyzing statistical datain 8-20
auto scale 2-14
box-and-whisker 8-16
capture current display 15-20
cobweb 6-2
comparing 2-5
connected points 8-16
defining the independent variable
15-35
drawing axes 2-6
expressions 3-3
grid points 2-6
in Solve aplet 7-8
index values 2-6

one-variable statistics 8-18
overlaying 2-16
scatter 8-15, 8-16
split-screen view 2-15
splitting into plot and close-up 2-14
splitting into plot and table 2-14
stairsteps 6-2
statistical data 8-15
t values 2-5
tickmarks 2-6
tracing 2-8
Graphic commands
DISPLAY 15-20
GROB 15-21
GROBNOT 15-21
GROBOR 15-21
GROBXOR 15-21
MAKEGROB 15-21
PLOT 15-21
REPLACE 15-22
SUB 15-22
ZEROGROB 15-22
graphics
copying 14-6
copying into Sketch view 14-6
storing and recalling 14-6, 15-20
guarantee R-2

H
histogram 8-15
adjusting 8-15
range 8-18
setting min/max values for bars
15-31
width 8-18
history 1-2, 15-25
Home 1-1
caculatingin 1-18
display 1-2
evaluating expressions 2-3
reusing lines 1-21
homevariables 11-1, R-8
definition 11-7
horizontal zoom 15-37
hyperbolic
maths functions 10-10
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hyperbolic trigonometry
ACOSH 10-9
ALOG 10-10
ASINH 10-9
ATANH 10-9
COSH 10-9
EXP 10-10
EXPM1 10-10
LNP1 10-10
SINH 10-9
TANH 10-9
hypothesis
aternative 9-3
inference tests 9-9
null 9-3
tests 9-3

|
i 10-9
implied multiplication 1-19
importing
graphics 14-6
notes 14-8
increasing display contrast 1-2
indefinite integral
using symbolic variables 10-25
independent values
adding to table 2-19
independent variable
defined for Tracing mode 15-32
inference
confidence intervals 9-16
hypothesis tests 9-9
One-Proportion Z-Interval 9-18
One-Sample Z-Interval 9-16
One-Sample Z-Test 9-9
Two-Proportion Z-Interval 9-19
Two-Proportion Z-Test 9-12
Two-Sample T-Interval 9-21
Two-Sample Z-Interval 9-17
infinite result R-19
infrared

transmission of aplets between ma-

chines 16-5
initial guess 7-5
input forms
resetting default values 1-9

setting Modes 1-11
insufficient memory R-19
insufficient statistics data R-19
integer rank

matrix 12-12
integer scaling 2-14, 2-16
integral

definite 10-7

indefinite 10-25
integration 10-7
interpreting

intermediate guesses 7-7
intersection

interactive 3-10
invalid

dimension R-19

statistics data R-19

syntax R-19
inverse hyperbolic cosine 10-9
inverse hyperbolic functions 10-10
inverse hyperbolic sine 10-9
inverse hyperbolic tangent 10-9
inverting matrices 12-7
isect variable 15-32

K
keyboard

editing keys 1-5
entry keys 1-5
inactive keys 1-7

list keys 13-2

math functions 1-7
menu keys 1-4
Notepad keys 14-8
shifted keystrokes 1-6

L
labeling

axes 2-6

parts of a sketch 14-5
letters, typing 1-6
library, managing apletsin 16-6
linear fit 8-12
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list
arithmetic with 13-7
calculate sequence of elements 13-8
calculating product of 13-9
composed from differences 13-8
concatenating 13-8
counting elementsin 13-9
creating 13-1, 13-3, 13-4, 13-5
deleting 13-6
deleting list items 13-3
displaying 13-4
displaying list elements 13-4
editing 13-3
finding statistical values in list ele-
ments 13-10
generate a series 13-8
generating series 13-8
list function syntax 13-7
list variables 13-1
returning position of elementin 13-9
reversing order in 13-9
sending and receiving 13-6
sorting elements 13-9
storing elements 13-1, 13-4, 13-5
storing one element 13-7
logarithm 10-4
logarithmic
fit 8-12
functions 10-4
logical operators
AND 10-21
equals (logical test) 10-20
greater than 10-20
greater than or equal to 10-20
IFTE 10-21
lessthan 10-20
less than or equal to 10-20
NOT 10-21
not equal to 10-20
OR 10-21
XOR 10-21
logistic fit 8-12
loop commands
BREAK 15-23
DO...UNTIL...END 15-22
FOR 1= 15-23
WHILE...REPEAT...END 15-22
loop functions
ITERATE 10-11
RECURSE 10-11
summation 10-11

low battery 1-1
lowercase letters 1-6

M

mantissa 10-16
math functions
complex number 10-8
hyperbolic 10-10
in menu map R-15
keyboard 10-4
logical operators 10-20
menu 1-7
polynominal 10-12
probability 10-13
real-number 10-15
symbolic 10-19
trigonometry 10-21
math operations 1-18
enclosing arguments 1-20
in scientific notation 1-19
negative numbersin 1-18
matrices
adding rows 15-23
addition and subtraction 12-6
arguments 12-10
arithmetic operationsin 12-6
assembly from vectors 12-1
changing row position 15-24
column norm 12-10
comma 13-7
commands 12-10
condition number 12-10
create identity 12-13
creating 12-3
creating in Home 12-5
deleting 12-4
deleting columns 15-23
deleting rows 15-23
determinant 12-10
display eigenvalues 12-11
displaying 12-5
displaying matrix elements 12-5
dividing by a square matrix 12-7
dot product 12-10
editing 12-4
extracting a portion 15-24
finding the trace of a square matrix
12-13
inverting 12-7
matrix calculations 12-1
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multiplying and dividing by scalar
12-6

multiplying by vector 12-7

multiplying row by value and adding
result to second row 15-24

multiplying row number by value
15-24

negating elements 12-7

opening Matrix Editor 15-26

redimension 15-24

replacing portion of matrix or vector
15-24

sending or receiving 12-4

singular value decomposition 12-12

singular values 12-12

size 12-12

spectral norm 12-12

spectral radius 12-12

start Matrix Editor 15-23

storing elements 12-3, 12-5

storing matrix elements 12-5

swap column 15-24

swap row 15-24

transposing 12-13

variables 12-1

matrix functions 12-10

COLNORM 12-10
COND 12-10
CROSS 12-10

DET 12-10

DOT 12-10
EIGENVAL 12-11
EIGENVV 12-11
IDENMAT 12-11
INVERSE 12-11
LQ 12-11

LSQ 12-11

LU 12-11
MAKEMAT 12-11
QR 12-12

RANK 12-12
ROWNORM 12-12
RREF 12-12
SCHUR 12-12
SIZE 12-12
SPECNORM 12-12
SPECRAD 12-12
SVD 12-12

SVL 12-12
TRACE 12-13
TRN 12-13

maximum real number 1-20, 10-9
memory R-19
clearing al R-5
organizing 11-9
out of R-20
saving 1-24, 16-1
viewing 11-1
menu lists
searching 1-8
minimum real number 10-9
Modes
angle measure 1-9
decimal mark 1-10
number format 1-10
multiple solutions
plotting to find 7-8
multiplication 10-4
implied 1-19

N

name conflict R-19
naming
programs 15-4
natural exponential 10-4, 10-10
natural log plus 1 10-10
natural logarithm 10-4
negation 10-5
negative numbers 1-18
no equations checked R-19

Normal Z-distribution, confidence inter-

vals 9-16

note
copying 14-8
editing 14-2
importing 14-8
printing 15-25
viewing 14-1
writing 14-1

Notepad 14-1
cataog keys 14-7
creating notes 14-6
writing in 14-6

nrng 2-5

nth root 10-6

null hypothesis 9-3

number format
engineering 1-10
fixed 1-10
fraction 1-10
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in Solve aplet 7-5
scientific 1-10
Standard 1-10
numeric precision 11-9
Numeric view
adding X values 2-19
automatic 2-17
build your own table 2-19

display defining function for column

2-18
recalculating 2-19
setup 2-17, 2-19

O
off

automatic 1-1

power 1-1
On/Cancel 1-1
One-Proportion Z-Interval 9-18
One-Sample T-Interval 9-20
One-Sample T-Test 9-13
One-Sample Z-Interval 9-16
One-Sample Z-Test 9-9
order of precedence 1-20
overlaying plots 2-16, 4-3

P
m10-9
paired columns 8-11
Parametric aplet 4-1
parametric variables
Axes 15-30
Connect 15-30
Grid 15-31
in menu map R-10
Indep 15-32
Labels 15-33
Recenter 15-33
Y cross 15-36
parentheses
to close arguments 1-20
to specify order of operation 1-20
pause 15-28
permutations 10-13
pictures
attaching in Sketch view 14-3
plot
analyzing statistical datain 8-20
auto scale 2-14
box-and-whisker 8-16
cobweb 6-2

comparing 2-5

connected points 8-16, 8-18

decimal scaling 2-14

defining the independent variable
15-35

drawing axes 2-6

expressions 3-3

goto function 1-29

grid points 2-6

in Solve aplet 7-8

index values 2-6

integer scaling 2-14

one-variable statistics 8-18

overlay plot 2-14

overlaying 2-16, 4-3

scaling 2-14

scatter 8-15, 8-16

seguence 2-6

setting up 2-5, 3-2

split-screen view 2-15

splitting 2-15

splitting into plot and close-up 2-14

splitting into plot and table 2-14

stairsteps 6-2

statistical data 8-15

statistics parameters 8-18

t values 2-5

tickmarks 2-6

to capture current display 15-20

tracing 2-8

trigonometric scaling 2-14

plotting resolution

and tracing 2-8

plot-view variables

Area 15-30
Connect 15-30
FastRes 15-31
Function 15-30
Grid 15-31
Hmin/Hmax 15-31
Hwidth 15-32
Isect 15-32

Labels 15-33
Recenter 15-33
RNG 15-34

Root 15-33
Slmark-S5mark 15-33
StatPlot 15-34
Tracing 15-32
Ustep 15-34
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polar variables
Axes 15-30
Connect 15-30
Grid 15-31
in menu map R-11
Indep 15-32
Labels 15-33
Recenter 15-33
Y cross 15-36
polynomial
coefficients 10-12
evauation 10-12
form 10-12
roots 10-12
Taylor 10-7
polynomial functions
POLY COEF 10-12
POLYEVAL 10-12
POLYFORM 10-12
POLYROOT 10-12
position argument 15-20
power (x raised toy) 10-6
precedence 1-20
predicted values
statistical 8-21
print
contents of display 15-25
name and contents of variable 15-25
object in history 15-25
variables 15-25
probability functions
1 10-13
COMB 10-13
permutations 10-13
RANDOM 10-13
UTPC 10-14
UTPF 10-14
UTPN 10-14
UTPT 10-14
program
commands 15-5
copying 15-8
creating 15-4
debugging 15-7
deleting 15-8
delimiters 15-1
editing 15-5
naming 15-4
pausing 15-28
printing 15-25

running 15-7
sending and receiving 15-8
stopping 15-7
structured 15-1

prompt commands
beep 15-25
create choose box 15-25
create input form 15-27
display item 15-26
display message box 15-28
halt program execution 15-28
insert line breaks 15-28
prevent screen display being updated

15-27

set date and time 15-26
store keycode 15-27

Q

B<Ae@AUAT POVT T PO>CTETT 2-5
orng 2-5
quadratic
extremum 3-6
fit 8-12
function 3-4
quitting views 1-17
quotes
in program names 15-4

R

random numbers 10-14
real number
maximum 10-9
minimum 10-9
real part 10-8
real-number functions 10-15
% 10-17
%CHANGE 10-17
%TOTAL 10-17
CEILING 10-15
DEGtoRAD 10-15
FNROOQOT 10-15
HMSto 10-16
INT 10-16
MANT 10-16
MAX 10-16
MIN 10-16
MOD 10-17
RADtoDEG 10-17
ROUND 10-17
SIGN 10-18

Index



TRUNCATE 10-18

XPON 10-18
recalculation for table 2-19
receive error R-20
receiving

aplet 16-5

lists 13-6

matrices 12-4
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Two-Sample Z-Interval 9-17
typing letters 1-6

U

undefined
name R-20
result R-20

un-zoom 2-11
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