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Preface

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

You 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:

(N, (G35, (Fowme), ete.

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

[SHIFT)CLEAR, [SHIFT]MODES, [SHIFTJACOS, etc.

* Numbers and letters are represented normally, as follows:

5,7, A, B, etc.

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

EiE ENEs EE

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

Function, Polar, Parametric

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

2*X%-3X+5
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Notice

This manual 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 be liable for
any errors or for incidental or consequential damage in
connection with the furnishing, performance or use of this
manual and the examples herein.

© 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 programs without 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 turns itself 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



The display

To adjust the
contrast

To clear the
display

Parts of the
display

NOTE

Simultaneously press and [+] (or [-)) to increase (or
decrease) the contrast.
> Press CANCEL to clear the edit line.

»  Press [SHIFTJCLEAR to clear the edit line and the display
history.

2 TS FUNCTION 8 T itle

, £%3
History s 18

Edit line — [753
s e —— | <Y

Menu key or soft key labels. The labels for the menu keys’
current meanings. is the label for the first menu key in
this picture. “Press EEEIZ” 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. The v and a

symbols indicate whether there is more history in the HOME
display. Press the and [a] to scroll in the HOME display.

The HP 40G is packaged with a computerized algebra system
(CAS). Press to access the computerized algebra system.
This User’s Guide contains images from the HP39G and do
not display the EfE menu key label.
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Annunciators. Annunciators are symbols that appear above
the title bar and give you important status information.

Annunciator Description
(<) Shift in effect for next keystroke. To
cancel, press again.
o Alpha in effect for next keystroke.
To cancel, press again.
(o)) Low battery power.
= Busy.
> Data is being transferred viainfrared
or cable.

The keyboard

Menu keys
\ |
Menukey ' 1 | I
labels » ]
Menukeys—‘\ﬁ S G B B N J
e (R
(o) (o] [aurr] {
Aplet trol roes WE vz
ple coaer)?s{ @ o @ Q > | Curssor
[f’“ @ @ E:] E:J
L] z;g Q o ﬂ L_J
Alphakey—i@ L1050 L u
Shift key —_% L;] L_j D [_)
ou) 70 [ [19) o] — Enter ey
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Aplet control keys

*  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.

The aplet control keys are:

Key Meaning
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.
NUM 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.
VIEWS Displays the VIEWS menu. See “Aplet

views” on page 1-15.
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Entry/Edit keys

The entry and edit keys are:

SHIFT

HOME

>
-
e
€
b

ENTER

X, T,0

DEL

SHIFT [CLEAR

(). ). [aJ,
52

CHARS

Key Meaning
(CANCEL) Cancels the current operation if the

calculator is on by pressing [ON].

Pressing [SHIFT], then OFF turns the
calculator off.

Accesses the function printed in blue
above a key.

Returns to the HOME view, for
performing calculations.

Accesses the alphabetical characters
printed in orange below a key. Hold
down to enter a string of characters.

Enters an input or executes an
operation. In calculations, [ENTER] acts
like “=". When B2 or BEEiI#1 is present

as a menu key, acts the same
as pressing H2 or EEETEL

Enters a negative number. To enter
-25, press ((=))25. Note: this is not the
same operation that the subtract
button performs ([~ )).

Enters the independent variable by
inserting X, T, 6, or N into the edit line,
depending on the current active aplet.

Deletes the character under the cursor.
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]CLEAR returns 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 press f&. To
select multiple characters, select each
and press &, then press EE.




Shifted keystrokes

There are two shift keys that you use to access the operations

and characters printed above the keys:[SHIFT) and [ALPHA].

Key Description
Press the key to access the

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

screen, press [SHIFT |, then press [HOME]).

(MODES is labelled in blue above the

key). You do not need to hold
down when you press HOME.
This action is depicted in this manual as
“press SHIFT)MODES.”

To cancel a shift, press again.

The alphabetic keys are also shifted
keystrokes. For instarce, to type Z, press

[ALPHA]Z. (The letters are printed in

orange to the lower right of each key.)
To cancel Alpha, press again.

For a lower case letter, press
(ALPFA).

For a string of letters, hold down

while typing.

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

Access the HELPWITH command by pressing {SHIFT]SYNTAX
and then the math key for which you require syntax help.

Example Press [SHIFT)SYNTAX

HELPUITH 24

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

HINT

Program
commands

Inactive keys

HOME ([HOME)) is the place to do calculations.

Keyboard keys. The most common operations are available
from the keyboard, such as the arithmetic (like [+]) and
trigonometric (like [SIN]) functions. Press to
complete the operation: {SHIFT]V 256 (ENTER] displays 16.

MATH menu. Press

to open the MATH menu. The | |-oummmma re1) 1H:

ATH is ¢ Stat-Two |[DEG+RAD
M men.u N fi Sumbolic |FLOOR
comprehensive list of math —|Tests  wFHROOT wi-

the keyboard. It also includes

categories for all other functions and constants. The functions
are grouped by category, ranging in alphabetical order from
Calculus to Trigonometry.

— The arrow keys scroll through the list ([¥], (a}) and
move from the category list in the left column to the
item list in the right column ([«], [B)).

—  Press BB to insert the selected command onto the edit
line.

- Press EEIER to dismiss the MATH menu without
selecting a command.

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

—  Pressing 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 press first. Just press the key that
corresponds to the command’s beginning alpha character.

Pressing (SHIFT]cmDs displays 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 this £k appears. There is no beep.

Getting started



Menus

To search a menu

To cancel a menu

items. Menus are displayed in

A menu offers you a choice of \5?
one or two columns. i

Flot=Detail
Plot-Table
Ouerlag Flot
»|Auto Scale
; |Decimal hd
| Y 7TV T
The Edarrow in the display  fgrommmmme s
. AATH FUNCTIONS
means more items below. FEEYEREE A CE 1L NG
DEG+RAL
Symbeolic |FLOOE
—|Tests wFHROOT ]

HTHElCONE ] Lo JiRHCL] Dk

The E3 arrow in the display
means more items above.

Press (v] or {a] to scroll through the list. If you press
[v]or (2], you’ll go all the way to the end
or the beginning of the list. Highlight the item you want
to select, then press (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. Press B2 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 press («}. To godown a
page. press (STFT) (5.

Press (for CANCEL) or EEILZIZE, This cancels the current
operation.

Getting started



Input forms

An input form shows several fields of information for you to
examine and specify. After highlighting the field to edit, you
can enter or edit a number (or expression). You can also select
options from a list (EiEEE). Some input forms include items
to check (EZEIH). See below for an example of an input form.

W%, CRD
fCI]NNECT ¥ LABELS
o RHES —GRiD

fvnwsA B B 2.2
BTICK: 1 ¥TICK: 1
|RE:: Faster

EMTER MIMIFUM HORIZOMTHL YRLUE | PLOT FUMCTIONS SiMULTEMEDUSLY?

LEmT ] ] PAGEW [ | [ c GE ]
Reset in put Toreset a default field value in an input form, move the cursor
form values to that field and press [DEL]. To reset all default field values in

the input form, press CLEAR.

Mode settings

You 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 [SHIFT)MODES to access the HOME MODES input form.

Setting Options
Angle Angle values are:
Measure Degrees. 360 degrees in a circle.

Radians. 27 radians in a circle.
Grads. 400 grads in a circle.

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

Options (Continued)

Number
Format

Decimal
Mark

The number format mode you set is the
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 a multiple of 3, and the
specified number of significant digits
beyond the first 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.
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Setting a mode

This example demonstrates how to change the angle measure
from the default mode, radians, to degrees for the current

aplet. The procedure is the same for changing number format
and decimal mark modes.

1.

Press [SHIFT]MODES to open the HOME MODES input

form.

The cursor (highlight) is in
the first field, Angle
Measure.

Press EiLTEE to display a
list of choices.

Press to select
Degrees, and press H2.
The angle measure
changes to degrees.

Press to return to
HOME.

HMGLE MEASURE: [FE{o RR1N
NUMEEER FORMAT: Fraction 4
DECIMAL MARK: Dot Ol

CHODSE RMGLE MEASUKE
T R

HOME HMOGES
oo

ANIG] S
Mk DeEr‘ees 4
pEen Grads

CHOOSE AMGLE MEASURE

AMGLE MERSURE: [KEe
MUMEER FORMAT: Frract inn 4
DECIMAL Makk: Dot (.0

CHOOSE AMGLE MEASURE

HINT

Whenever an input form has a list of choices for a field, you

can press to cycle through them instead of using EEIEE,

Aplets (E-lessons)

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

Aplets come from a variety of sources:

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 [ APLET LIGhARY SR EEET

H
library. See “Aplet library” on ct ian B
Y . P i InFer—ene
page 1-15 for further Parametric GIE
information. Palar BEE 5
Sequence BEE w

. " . IRESET] SORT{SEND
You can modify configuration . G

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 Use this aplet to explore:
name
Function Real-valued, rectangular functions y in

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

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

Parametric | Parametric relations x and y in terms of 7.
Example: x = cos(f) and y = sin(¢).

Polar Polar functions r in terms of an angle 6.
Example: r = 2cos(49).

Sequence Sequence functions U in terms of n, or in
terms of previous terms in the same or
another sequence, suchas U, | and
U, ,.Example: U, = 0, U, =1 and

v, = Ul142+Un—1'

n
Solve Equations in one or more real-valued

variables. Example: x+1 = x" —x-2.

Statistics One-variable (x) or two-variable (x and y)
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.
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Quad Explorer

aplet

HINT

The Quad Explorer aplet is used to investigate the behaviour
of y = a(x+h)” + v asthe values of a, h and v change, both
by manipulating the equation and seeing the change in 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 is
in EAZE] mode, in which the
arrow keys, the (+] and -]
keys and the ((-)] key areused |-----}.---: bisch o

to change the shape of the mmm
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.

co vimm-‘am !

|
1
= }
|
I

It is also possible to have the
equation control the graph.

Pressing EFHEEL displays a : ';3:3; T+ 4
sub-expression of your . -f,'lscoﬁ o i
equation (see right).

Pressing the (»] and (@] key moves between sub-
expressions, while pressing the (a] and key changes
their values.

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

A =1 button is provided to
evaluate the student’s
knowledge. Pressing E8==52
displays a target quadratic
graph. The student must TREY
manipulate the equation’s parameters to make the equation
match the target graph. When a student feels that they have
correctly chosen the parameters a button evaluates the
answer and provide feedback. An button is provided
for those who give up!

#1
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Trig Explorer
aplet

The Trig Explorer aplet is used to investigate the behaviour
of the graph of y = asin(bx + ¢) +d as the values of @, 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 E28i1¢
in the EIE5ZEE view, the screen )
shown right is displayed. E

W= FINCHD

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

The button labelled EiEE is a
toggle between EIREE] and

T When HIEL] is
chosen, the ‘point of control’ is
at the origin (0,0) and the

(v] and [«}{»] keys
control vertical and horizontal
transformations. When [EHEEE]

Origin

Y= SINCHY

1 —,

f'f_
o W Am A
| SiN o} BrbosloRiGe) ol iNCE JREZET]

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

The arrow keys change the
amplitude and frequency of the
graph. This is most easily seen
by experimenting.

Pressing displays the
equation at the top of the

screen. The equation is
controls the graph. Pressing the
(»] and [«] keys moves from
parameter to parameter.

—Extremum

W= 4 8nsIniHY

N

Pressing the (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 pressing FiE2.
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Aplet library

To open an aplet

Aplet views

Symbolic view

Plot view

Numeric view

Aplets are stored in the Aplet library.

. Press to display the Aplet library menu. Select the

aplet and press EBETE2E or (ENTER].

From within an aplet, you can return to HOME any time by

pressing [HOME].

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 are illustrations 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(s) or equation(s) that
you want to explore.

S FUNCTION SYMEBOLIC VIEW SRR
wE1CRI=(E+Sr 22
V(X')=°*CDS(>&')

Fa(is=
FS(ia= *

See “About the Symbolic
view” on page 2-1 for further
information.

Press to display the aplet’s Plot view.

In this view, the functions that ¥

you have defined are displayed "\\ % 1

graphically. \‘* \\\E ,.//— %
WOl |

el FLlidn 7 [HMEML |

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

Press to display the aplet’s Numeric view.

In this view, the functions that
you have defined are displayed
in tabular format.

See “About the numeric view” |8
on page 2-16 for further
information.
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Plot-Table
view

Plot-Detail
view

Overlay Plot

view

Note view

Sketch view

The VIEWS menu contains the Plot-Table view.

VIEWS T # Fl
Select Plot-Table HE '\X } z[ Egg;gg 3%;33
. . 30 ;‘
Splits the screen into the plot U \\/{ g seoul
and the data table. See “Other i BUR3CE |11.087G
[zoomfico ] [ FEM [DEFMT ]

views for scaling and splitting
the graph” on page 2-14 for futher information.

The VIEWS menu contains the Plot-Detail view.

Select Plot-Detail

Splits the screen into the plot
and a close-up.

See “Other views for scaling and splitting the graph” on
page 2-14 for further information.

The VIEWS menu contains the Overlay Plot view.

VIEWS P

: AT
Select Overlay Plot HE F;
[

"y
Plots the current expression(s) Iy ; ]
without erasing any pre-

existing plot(s). ==

See “Other views for scaling and splitting the graph” on
page 2-14 for further information.

Press [SHIFT]NOTE to display the aplet’s note view.

This note is transferred with

the aplet if it is sent to another
calculator or to a PC. Anote |
view contains text to
supplement an aplet. R T O T T

VTR FUNCTION NOTE SR
ASSIGHMEMT 5. DUE 4-64

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

Press [SHIFT]SKETCH to display the aplet’s sketch view.
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Displays pictures to
supplement an aplet.

GYEM:

F=19 AMD D=1g
FIND THE VALUE OF
A. B- AMD €,

See “Notes and sketches” on

page 14-1 for further
information.

Aplet view configuration

Plot Setup

Numeric Setup

Symbolic
Setup

To change views

To save aplet
configuration

You use the SETUP keys ([SHIFT][PLOT], and [SHIFT][NUM]) to
configure the aplet. For example, press (SHIFT|SETUP-PLOT
([SHIFT) (PLOT to display the input form for setting the aplet’s
plot settings. Angle measure is controlled using the MODES
view.

Press{SHIFT|SETUP-PLOT. Sets

HRNG: o 6.5
parameters to plot a graph. ol
amick: | TIcK: 1

rE:: Faster
EMTER MIMIMUM HOEIZONTAL YALUE
1 feGE® [ |

Press [SHIFT]SETUP-NUM. SetS  [355% FuNCTION NUMERIC SETUR SO0
Ry NuMETRRT:
paramete‘rs for building a table |1 -H=140] =

of numeric values. NUMTYPE:  Futomat ic
MUMZOOM: 4

EMTER STRETING VRLUE FOR TRELE
O S 7

This view is only available in S STATISTICE SUNBOLIC SETUR 2080

the Statistics aplet in 2VAR  |#MGLE reasuke: [FEREETH

. siF:Linear  sEFT:Linear
mode, where it plays an 3R inear SY4RITLinear
important role in choosing data |**FiT'Linear

models. Press ([SHIFT|SETUP -CH‘J'JSEEEEEWGL-E ME"'-SURE N

SYMB.

Each view is a separate environment. To change a view, select
a different view by pressing [SYMB], [NUM], [PLOT] keys or
select a view from the VIEWS menu. To change to HOME,
press (FHOME]. You do not explicitly close the current view,
you just enter another one—Ilike passing from one room into
another in a house. Data that you enter is automatically saved
as you enter it.

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

Getting started
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Mathematical calculations

Where to start

Entering
expressions

Example

Long results

Negative
numbers

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

the MATH menu ([MATH]).

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

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

access all [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 called algebraic entry.

o 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.

« Press [ENTER] to evaluate the expression you have in the
edit line (where the blinking cursor is). An expression
can contain numbers, functions, and variables.

232148
3

Calculate In(45):

21 HER

(=]1

X (SHIET)N 800 (2aE-14%l8) - DELHI45)
- 520, 296184385
(in}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, press (a] to highlight
it and then press ELIEEL

Type to start a negative number or to insert a negative
sign.

To raise a negative number to a power, enclose it in
parentheses. For example, (—5)2 =25, whereas -52=_25,

1-18
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Scientific
notation
(powers of 10)

Example

Explicit and
implicit
multiplication

HINT

A number like 5 X 104 or 3.21x 107 is written in scientific
notation, that is, in terms of powers of ten. This is simpler to
work with than 50000 or 0.000000321. To enter numbers like
these, use EEX. (This is easier than using [X]10(x"].)

(4x 1077 (6 x 107)
3% 107

4 [SHIFTJEEX
()13

[6 (SAFT)zEx
230)) (=] 3 (SHIFT)EEX
()5

i

4.E-13%6.E23-. BOARS
g8.E1

Calculate

(4E-13)#(bE23)-3E- 54

FUMCTION 3

10K

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

However, for clarity, it is better to include the multiplication
sign where you expect multiplication in an expression. It is
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 interprets A (B+4) as meaning
‘evaluate function A at the value B+4’, and function A does
not exist. When in doubt, insert the * sign manually.
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Parentheses

Algebraic
precedence
order of
evaluation

Largest and
smallest
numbers

You need to use parentheses to enclose arguments for
functions, such as SIN(45). You can omit the final 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...
(SN} 45 [+ [SHIFT) sin (45 + m)
[sSINJ450) (=] [SHIFT)m sin (45) + @
V85(x)9 J85x9
V((85(x)9 J85%x9

Functions within an expression are evaluated in the following
order of precedence. Functions with the same precedence are
evaluated in order from left to right.

1. Expressions within parentheses. Nested parentheses are
evaluated from inner to outer.

Prefix functions, such as SIN and LOG.
Postfix functions, such as !

Power function, A, NTHROOT.
Negation, multiplication, and division.
Addition and subtraction.

AND and NOT.

OR and XOR.

©® N o L kWP

Left argument of | (where).
10. Equals, =.

The smallest number the HP 39G/40G can represent is

1 x 107*%°(1E-499). A smaller result is displayed as zero. The
largest number is 9.99999999999 x 107%%. A larger result is
still displayed as this number.

1-20
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Clearing
numbers

Using
previous
results

To copy a
previous line

To reuse the last
result

To repeat a
previous line

. clears the character under the cursor. When the
cursor is positioned after the last character, deletes
the character to the left of the cursor, that is, it performs
the same as a backspace key.

e CANCEL ([ON)) clears the edit line.

e [SHIFT]CLEAR clears all input and output in the display,
including the display history.

The HOME display ([HOME]) shows you four lines of input/
output history. An unlimited (except by memory) number of
previous lines can be displayed by scrolling. You can retrieve
and reuse any of these values or expressions.

EaRaT:
Input —14+2+2

Lastinput —fz
| ga-7@-Last output
Editline —E577%

T W

e;‘— Output

When you highlight a previous input or result (by pressing
(&), the ETE and menu labels appear.

Highlight the line (press [a]) and press EIE. The number (or
expression) is copied into the edit line.

Press [SHIFT]ANS (last answer) to put the last result from the
HOME display into an expression. ANS is a variable that is

updated each time you press {ENTER].

To repeat the very last line, just press [ENTER]. Otherwise,
highlight the line (press [a]) first, and then press [ENTER]. The
highlighted expression or number is re-entered. If the
previous line is an expression containing the ANS, the
calculation is repeated iteratively.

Getting started
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Example

HINT

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

50[ERTER) (5] 25

FRAL] % FUNCTION Wﬂgﬁg
Ans+25 '?5
‘ 1688

[m---j
You can use the last result as the first expression in the edit
line without pressing [SHIFT)ANS. Pressing {+], (-], [X], or
[+, (or other operators that require a preceding argument)
automatically enters ANS before the operator.

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

The variable AnS is different from the numbers in HOME’s
display history. A value in ANS is stored internally with the full
precision of the calculated result, whereas the displayed
numbers match the display mode.

When you retrieve a number from ANS, 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.

Pressing evaluates (or re-evaluates) the last input,
whereas pressing [SHIFT]ANS copies the last result (as ANS) into
the edit line.

1-22
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Storing avalue  You can save an answer in a variable and use the variable in

in a2 variable later calculations. There are 27 variables available for storing
real values. These are A to Z and 0. See Chapter 11,
“Variables and memory management” for more information
on variables. For example:

1. Perform a calculation.

45(7)8 ()3

454572

557

2. Store the result in the A variable,

B3 (7R A

3. Perform another calculation using the A variable.

95 (72 (X) (RLPA) A

Accessing the Pressing (& enables the highlight bar in the display history.

dlsplay hiStOl"y While the highlight bar is active, the following menu and
keyboard keys are very useful:

Key Function
(a]. [¥] Scrolls through the display history.

Copies the highlighted expression to the
position of the cursor in the edit line.

Displays the current expression in standard
mathematical form.

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

Clears all lines of display history and the
CLEAR edit line.
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Clearing the It’s a good habit to clear the display history ( [SHIFT]CLEAR)

dlsplay history whenever you have finished working in HOME. It saves
calculator memory to clear the display history. Remember
that a// your previous inputs and results are saved until you
clear them.

Using fractions

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

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

AMGLE MERSURE: [EInBREIRY
MUMEER FORMAT: St andard
DECIMAL MARK: Dot €, 0

CHONSE ANGLE MERSHRE
[ [cHoos

2. Select Number Format and press Bl to display the
options, then select Fraction.

eSO

AN 5t andard
NUM F1>§ed .
secilScient ific

Ll EnE ineer‘ini
3. Press H2 to select the P
option, then select the precision value.

ﬁNGLE MERSURE: Radians
HUMEBER FORMAT: Frract ion
DECIMAL MARK: Dot (.7

ENTER DECINHL PLACES TO USE

4. Enter the precision that you want to use, and press H& to
set the precision. Press to return to HOME.

See “Setting fraction precision” below for more
information.
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Setting
fraction
precision

The fraction precision setting determines the precision in
which the HP 39G/40G converts a decimal value to a fraction.
The greater the precision value that is set, the closer the
fraction is to the decimal value.

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

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

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

For example, when converting .234 to a fraction, the precision
value has the following effect:

e Precision set to 1:

FUNCTION

234

»  Precision set to 2:

e Precision set to 3:

. 234
11747

T R O T )

*  Precision set to 4 EiRAnEs
» 234

. 234

FUNCTION

Getting started
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Fraction

When entering fractions:

calculations *  Youuse the (+] key to separate the numerator part and
the denominator part of the fraction.
= To enter a mixed fraction, for example, 1 1/2, you enter it
in the format (1+]/2).
For example, to perform the following calculation:
323, +57/9)
1. Set the mode Number format to fraction.
(SHIFT)MODES {¥] p—
Select ANGLE MERSURE: Radians
) NUMEER FORMAT: Frract iom
Fraction BECIMAL FARK: Dngt f,
ENTER 43
E} ENTER DECIMRL PLACEZ TO USE
2. Return to HOME and enter the calculation.
3 @23 % [T FUNCTION
40 Is5([27
(=18
S0P+ +(5+7 81 14
3. Evaluate the calculation.
Converting To convert a decimal value to a fraction:
decimals to 1. Set the number mode to Fraction.
fractions 2. Either retrieve the value from the History, or enter the
value on the command line.
3. Press to convert the number to a fraction.
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Converting a
number to a
fraction

When converting a number to a fraction, keep the following
points in 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

E
fraction precision is set - BEEBELEE g
to 6. The top calculation |, gess
returns the correct result. 2333-0085
The bottom one does not. Lmﬂ,-—--U

= 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.

¢ FUMCTION

144

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 pair (x, y), where x is the real part and y is the
imaginary part. For example, entering /~1 returns (0, ).

Enter the number in either of these forms, where x is the real
part, y is the imaginary part, and { is the imaginary constant,
J-1:

° (xyor

e X+ Iy

To enter i:

+ press (SHIFT) (AUPFA] I
or

*  press [MATH], (a] or [¥] keystoselect Constant, [»)

to move to the right column of the menu, (¥] to select 1,
and FIE.

Getling started
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Storing complex
numbers

There are 10 variables available for storing complex numbers:
70 to 79. To store a complex number in a variable:

» Enter the complex number, press ES&E3, enter the
variable to store the number in and press [ENTER].

(Q4()50)) EEES
(APHA)Z 0

4

FUNCTION 3

(4, 5xpZ0

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.

e 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]SKETCH) Chapter 14, “Notes and sketches”.

List ([SHIFT)LIST) 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

[1. 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’.

1-28
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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 the 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 the EEE option in the Statistics aplet’s Plot
view screen, it is now possible to 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






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.

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

Defining an expression (Symbolic view)

Choose the aplet from the Aplet Library.

L1100
Press [ajor{v]toselect [Jrforee
an aplet. Parametric
p Palar
=THET

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 line ([DEL)) or all lines

( CLEAR).

Expressions are selected (check marked) on entry. To
deselect an expression, press EZEIHE. All selected
expressions are plotted.

Aplets and their views
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For a Function
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 define X(T') and
Y(T). The only
independent variable
in the expressions is
T.

For a Polar
definition, enter an
expression to define
R(9). The only
independent variable
in the expression is
0.

For a Sequence
definition, either:
Enter the first and
second terms for U
(U1, or...U9, or U0).
Define the nth term
of the sequence in
terms of N or of the

R FUMCTION SYMEDLIC WEW S5

FEinor=

FSiMy= v

AICTa= %
| EniT lieciel T ol LSHOWEEVAL 3

TR POLAR SYMEDLIC WEL SR

REZch =

RScEa=

R4cBy=

RSCE )= ¥
Log | oo JeHOv] EVAL 3

P SEQUEMCE SYMEBOLIC VIEW SEEE

Uigz=
UMy =
Uziis=

prior terms, U(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 7 only. In this case, the
calculator inserts the first two terms based on the
expression that you define.

2-2
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Evaluating expressions

In aplets In the Symbolic view, a variable is a symbol only, and does
not represent one specific value. To evaluate a function in
Symbolic view, press BEIE. If a function calls another
function, then B8 resolves all references to other functions
in terms of their independent variable.

1. Choose the Function

1
bz FI.INCTH]N SYMEOLIC VIER B

aplet.

FGiis

Select Function E%’,{Ez; v
EIRL T ] 1T

2. Enter the expressions in
the Function aplet’s Symbolic view.

ALPHA]A
) S FUNCTION SYMBOLIC VIEW 30500
X2 %fFi(%{H._F{-x-xE
vEZ{R)I=E |

[ALPHA)F 1 (B8 (5]
ALPHATF2 (()E8

¢Fd(5<>-F1(X-+F2".‘>4ﬁ |

0 &=
3. Highlight F3(X).
HEEE FUNCTION SYMEDLIC VIE S
@ ~"F1(.‘-’) H%KE

4. Press EEIE
BEAE FUNCTIBN SYMEBDLIC VIR SRERE
Note how the values for *’F1 Cry=RxE

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

In HOME You can also evaluate any expression in HOME by entering it
into the edit line and pressing [ENTER).

For example, define F4 as below. In HOME, type F4 (9) and

press . This evaluates the expression, substituting 9 in
place of X into F4.

S FUNCTION SYMBOLIC VIEW 355
YELORI=A%yE

»FZHa=R

HESCRI=A*KE+E

YEAL =280 2+ 2 EN 1
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SYMB view . The following table details the menu keys that you use to work

keys with the Symbolic view.
Key Meaning
EDIE Copies the highlighted expression to the
edit line for editing. Press EI& when
done.
Checks/unchecks the current expression

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

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.

Enters the independent variable in the

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

Enters the independent variable in the

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

=HI Displays the current expression in text

book form.

i

SAL Resolves all references to other
definitions in terms of variables and
evaluates all arithmetric expressions.

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

Displays the menu for entering math
operations.

Displays special characters. To enter

CHARS one, place the cursor on it and press
ET=E To remain in the CHARS menu
and enter another special character,
press EEIH,

DEL Deletes the highlighted expression or
the current character in the edit line.

(SHIFTJCLEAR Deletes all expressions in the list or
clears the edit line.
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About the Plot view

After entering and selecting (check marking) the expression in
the Symbolic view, press (PLOT]. To adjust the appearance of
the graph or the interval that is displayed, you can change the

Plot view settings.

You can plot up to ten expressions at the same time. 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 EE

— Ifthere is an option to choose, press ERLES, highlight
your choice, and press or 8. As a shortcut
to EIEEE, just highlight the field to change and press
to cycle through the options.

— I there is an option to select or deselect, press
to check or uncheck it.

2. Press EEERE to view more settings.
When done, press to view the new plot.

Plot view The plot view settings are:

settings

Field

Meaning

RES

TRNG

ORNG

XRNG, YRNG

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

For function plots: Resolution;
“Faster” plots in alternate pixel
columns; “Detail” plots in every
pixel column.

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

Polar aplet: Specifies the angle (8)
value range for the graph.

Aplets and their views
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Field Meaning (Continued)

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

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

9STEP For Polar plots: the increment value
for the independent variable.

SEQPLOT For Sequence aplet: Stairstep
or Cobweb types.

XTICK Horizontal spacing for tickmarks.

YTICK Vertical spacing for tickmarks.

Those items with space for a checkmark are settings you can
turn on or off. Press [EER 4 to display the second page.

Field Meaning

SIMULT If more than one relation is being
plotted, plots them simultaneously
(otherwise sequentially).

INV. CROSS Cursor crosshairs invert the status of
the pixels they cover.

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

LABELS Label the axes with XRNG and YRNG
values.

AXES Draw the axes.

GRID Draw grid points using XTICK and

YTICK spacing.

Reset plot To reset the default values for all plot settings, press

setting S (SHIFTJCLEAR in the Plot Setup view. To reset the default value
for a field, highlight the field, and press (DEL ).
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Exploring the graph

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

PLOT view

keys the graph.

The following table details the keys that you use to work with

=

ey

Meaning

CLEAR

VIEW

wy

—

EClAE
QN

i )
ki
ml

Erases the plot and axes.

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

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

Interrupts plotting.
Continues plotting if interrupted.

Turns menu-key labels on and off. When
the labels are off, pressing EEEN turns
them back on.

«  Pressing once displays the
full row of labels.

+  Pressing a second time
removes the row of labels to display
only the graph.

¢ Pressing a third time displays
the coordinate mode.

Displays ZOOM menu list.

Turns trace mode on/off. A white box
appears over the & on HEEE

Opens an input form for you to enter an X
(or T or N or 8) value. Enter the value and
press EE&. The cursor jumps to the point
on the graph that you entered.

Function aplet only: Turns on menu list
for root-finding functions (see “Analyse
graph with FCN functions” on page 3-3.
Displays the current, defining
expression. Press to restore the
ment.

Aplets and their views
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Trace a graph

To move between
relations

To jump directly
to a value

To turn trace on/
off

Zoom within a
graph

ZOOM options

You can trace along a function using the (<] or (»] key which
moves the cursor along the graph. The display also shows the
current coordinate position (x, y) of the cursor. Trace mode
and the coordinate display are automatically set when a plot is
drawn.

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

In Function and Sequence Aplets: You can also scroll
(move the cursor) left or right beyond the edge of the display
window in trace mode, giving you a view of more of the plot.

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

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

If the menu labels are not displayed, press first.
*  Turn off trace mode by pressing ETED.
—

= Turn on trace mode by pressing 5=
« To turn the coordinate display off, press

One of the menu key options is BEIEL 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.

Press EHGE, select an option, and pless HE (IfE is not
dlsplayed, press &) Not all EFHS! options are dvalldble in
all aplets.

Option Meaning

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

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

2-8
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Option

Meaning (Continued)

In

out

X-Zoom In

X-Zoocm Out

Y-Zoom In

Y-Zoom Out

Sqguare

Set

Factors. ..

Auto Scale

Decimal

Divides horizontal and vertical scales
by the X-factor and Y-factor. For
instance, if zoom factors are 4, then
zooming in results in 1/4 as many 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 the
horizontal scale. (Use this after doing a
Box Zoom, X~Zoom, or Y-Zoom.)

Sets the X~Zoom and Y-Zoom factors
for zooming. Includes option to
recenter the plot before zooming.

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

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

Rescales both axes so each pixel = 0.1
units. Resets default values for XRNG
(~6.5 t0 6.5) and YRNG (-3.1 t0 3.2).
(Not in Sequence or Statistics aplets.)

Aplets and their views
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ZOOM examples

Option

Meaning (Continued)

Integer

Trig

Un-zoom

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

Rescales horizontal axis so

1 pixel = n/24 radian, 7.58, or

81/3 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.

The following screens show the effects of zooming options on

aplot of 3sinx.

Plot of 3sinx

Zoom In:

FAEMLU In

Un-zoom:
Un-zoom

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

Zoom QOut:
Out

Now un-zoom.

[\
X

Fy FaLg: o
¢
wa FIeEk @ jtiENU |

AN
Wi

AT LT ATAY

TR I

LA GRS

UMV AR Y

200 [TEACe E0T0]

[ FCH UEFH JMENU |
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X-Zoom In:
HAIE X-7oom In

Now un-zoom.

X-Zoom Out:
X-Zoom Out

Now un-zoom.

Y-Zoom In:
HIOEl v-Zoom In

Now un-zoom.

Y-Zoom Out:

Y-Zoom Out

Zoom Square:

Square B

200 [Trn el GOTI FOW | DEFN (MENU]

o

MAARA L

MR

Z00M [TRACE] GOTE | FLN | BEFM [MENY

]

ZOOMITRACEDGOTO |- FCH [ DEFM {HENY

| 208H TRACE] GOV | FCR 1 DEFH [MENL

Aplets and their views
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To box zoom

To set zoom
factors

The Box Zoom option lets you draw a box around the area you
want to zoom in on by selecting the endpoints of one diagonal
of the zoom rectangle.

1.
2.
3.

L

If necessary, press [EEE to turn on the menu-key labels.
Press EEEEE and select EE.

Position the cursor on one corner of the rectangle. Press
A,

Use the cursor keys
({¥], etc.) to drag to the
opposite corner.

- T

SELECT SECOND cNRMER [ETTHBEGES

Press to zoom in on

the boxed area. l/ e

200 | TRACE|GOTIE] FCN: | DEFN [MENH

In the Plot view, press EIEEM.
Press IR
Select Set Factors. .. and press H&

Enter the zoom factors. There is one zoom factor for the
horizontal scale (XZ0OOM) 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
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Other views for scaling and splitting the graph

The preset viewing options menu ([VIEWS]) contains options
for drawing the plot using certain pre-defined configurations.
This is a shortcut for changing Plot view settings. For
instance, if you have defined a trigonometric function, then
you could select Trig 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
the world wide web, the preset viewing options menu can also
contain options that relate to the aplet.

Press [VIEWS], select an option, and press E&,

Plot-Table

Overlay
Plot

Auto Scale

Decimal

Integer

Trig

Option Meaning
Plot- Splits the screen into the plot and a
Detail

close-up.

Splits the screen into the plot and the
data table.

Plots the current expression(s) without
erasing any pre-existing plot(s).

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

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

Rescales both axes so each pixel = 0.1
unit. Resets default values for XRNG
(6.5 to 6.5) and YRNG (-3.1 t0 3.2).
(Not in Sequence or Statistics aplets.)

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

Rescales horizontal axis so

1 pixel=mn/24 radian, 7.58, or

81/3 grads; rescales vertical axis so

1 pixel =0.1 unit.

(Not in Sequence or Statistics aplets.)

Aplets and their views
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Split the screen

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

L

4

Press [VIEWS). Select P1lot-Detail and press EE. The
graph is plotted twice. You can now zoom in on the right
side.

Press EEEH EIGE], select the zoom method and press
or [ENTER]. This zooms the right side. Here is an example
of split screen with Zoom In.

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

- (4] moves the leftmost cursor to the screen’s
left edge and [SHIFT] (»] moves the rightmost cursor
to the screen’s right edge.

— The gasmm menu key copies the right plot to the left
plot.

To un-split the screen, press [PLOT]. The left side takes
over the whole screen.

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

1.

Press [VIEWS]. Select Plot~Table and press B&. The
screen displays the plot on the left side and a table of
numbers on the right side.

- RonEE |- 57EEE
To move up and down
the table, use the [«] and
(»] cursor keys. These

keys move the trace point left or right along the plot, and
in the table, the corresponding values are highlighted.

To move between functions, use the [a] and {¥] cursor
keys to move the cursor from one graph to another.

To return to a full Numeric (or Plot) view, press
(or (PLOT).

2-14
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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 Overlay Plot instead of [PLOT).
Note that tracing follows only the current functions from the
current aplet.

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

Integer scaling compresses the axes so that each pixelis 1 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 =.

About the numeric view

After entering and selecting
(check marking) the
expression or expressions
that you want to explore in
the Symbolic view, press

to view a table of data
values for the independent variable (X, T, 6, or N) and
dependent variables.

Aplets and their views



Setting up the table (numeric view setup)

Numeric view
settings

Reset numeric
settings

Press [SHIFT]NUM to define R FUNCTION NUMERIC SETUP SR

any of the table settings. Use  [NuMzTakT: [
S WURSTER: |, 1

the Numeric Setup input HUMTYPE:  Automat ic

form to configure the table. WurzOoM: 4
|EMTER STARTIMG YALUE FOR TRELE
fenir] ]

1. Highlight the field to edit. Use the arrow keys to move
from field to field.

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

— If there is an option to choose, press EXEE, highlight
your choice, and press or @&

—  Shortcut: Press the EEEE3 key to copy values from
the Plot Setup into NUMSTART and NUMSTEP.
Effectively, the menu key allows you to make
the table match the pixel columns in the graph view.

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

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

Field Meaning

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 or

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.

To reset the default values for all table settings, press

CLEAR.

2-16
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Exploring the table of numbers

NUM view
menu keys

Zoom within a
table

ZOOM options

The following table details the menu keys that you use to work
with the table of numbers.

-

Key Meaning

Displays ZOOM menu list.

Toggles between two character sizes.
[HEEH]

Displays the defining function
expression for the highlighted column.
To cancel this display, press EEE.

Zooming redraws the table of numbers in greater or lesser
detail.

The following table lists the zoom options:

Option

Meaning

In

out

Decimal

Integer

Trig

Un-zoom

Decreases the 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 a wider
range is shown. Uses the NUMZOOM
factor in Numeric Setup.

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

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

Changes intervals for independent
variable to 71/24 radian or 7.5 degrees
or 81/3 grads. Starts at zero.

Returns the display to the previous
zoom.

Aplets and their views
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HINT

Automatic
recalculation

The display on the right is a Zoom In of the display on the left.
The ZOOM factor is 4.

11594381
“17u1081
.1RB&693

I

i cwrue

i

i

5. 5033416090002 . 33334106468~ 2
zooe} [ [els [oerW| oo JEERontdl o] BIG [DEFN] ]

To jump to an independent variable value in the table, use the
arrow keys to place the cursor in the independent variable
column, then enter the value to jump to.

You can enter any new value in the X column. When you press
(ENTER], 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 humbers

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 independent (X, T, 6, or
N) variable. With the NUMTYPE 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.

p—

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

2. In the Numeric Setup ([SHIFT|NUM), choose NUMTYPE :
Build Your Own.

Open the Numeric view ([NUM)).
4. Clear existing data in the table ([SHIFT]CLEAR).

Enter the independent values in the left-hand column.
Type in a number and press [ENTER]. You do not have to
enter them in order, because the function can
rearrange them. To insert a number between two others,

use [EE.

Ft1and F2
entries are
I~ generated
automatically

| in: 1SORTLENS JDEFRL
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Clear data

Press [SHIFTJCLEAR, to erase the data from a table.

“Build Your Own” menu keys

Key Meaning

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

1Hs Inserts a row 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
values into ascending or descending
order. Press and select the
ascending or descending option
from the menu, and press I3,

EIG Toggles between two character
sizes.

== Displays the defining function
expression for the highlighted
column.

DEL Deletes the highlighted row.

CLEAR Clears all data from the table.

Aplets and their views
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Example: plotting a circle

Plot the circle, X+ yz = 9. First rearrange it to read
/ 2
y =EJ9-x".

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

= «/9—x2 and y = —«/9—_\'2

1. In the Function aplet, specify the functions.

Select  (GOEETGRCTON SYMEOLE ViEr

; LGOI (IRE)
Function VEZ (0= {902

GEEY (@ 9 E

(-J[xTe .G[ENTER} FSciom v
@) (sAr) Y [ 9 T T N R 2 2T
CIx18)

(3] 0 (ENTER]

2. Reset the graph setup to the default settings.
{SHIFT]SETUP-PLOT

S FUNCTION. PLOT SETUP

SHIFT JCLEAR RN 6.5
VEMG: -3, 1 2.2
HTICK: 1 wTicK: |

rEs: Detail
EMTER MINIMUM HOKIZONTAL VALUE
| PhGE® [ ]

R
3. Plot t?le two functions .
and hide the menu so that \\
you can see all the circle. f

HEHUIFERL \ _/

4. Reset the numeric setup to the default settings.

SHIFT [SETUP-NUM SN FUNCTION MUMERIC SETUP 55E
. HUMSTRET: [5]
SHIFT [CLEAR NUMSTER: . 1
NUMTYPE:  Automat ic
MUMZEOM: &
ENTER STARTIMG VALUE FUR THELE
LEpiT] o] ] [PLoTe]

NUM

ElG: | BEFM
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Function aplet

About the Function aplet

The Function aplet enables you to explore up to 10
real-valued, rectangular functions y in terms of x. For
example y = 2x+3.

Once you have defined a function you can:

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

e create tables to evaluate functions at particular values.

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

Getting started with the Function aplet

Open the
Function aplet

The following example involves two functions: a linear
function y = 1 -x and a quadratic equation

2
y={(x+3)y-2.

1. Open the Function aplet.

START

|

v
EDIT “

The Function aplet starts
in the Symbolic view.

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

Function aplet
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Define the
expressions

Set up the plot

2. There are 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 press to

delete an existing line, or [SHIFT]CLEAR to clear all lines.)

]B ENNE FUNCTION SYMEBOLIC WEW B85S
(&8 H30 ] E L S
(-] 2 [ENTER
Fdixy=
$ FS(x= ¥
T O g KT

You can change the scales of the x and y axes, graph
resolution, and spacing of axis ticks.

3. Display plot settings.
SHIFT | SETUP-PLOT
- UNCTION PLOT SETUP
HRNG: 5.3
WRMG: -3, 1 2.2
NTICK: 1 ¥TICK: 1
Detail
MMM HORIZONTAL ¥ALLE
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
{SHIFTJCLEAR to restore the default values.
4. Specify a grid for the graph.
FAGEW
W CHE] UNCTION PLOT ZETUP
B @ =CHE ¥ SIMULT ~ IRV, CROSS
o CINMECT _ LABELS
o RRES Herm
DRAk GRIBY
Plot the 5. Plot the functions.
functions PLOT
1A o ] Fi(Hl: 1 ] IEE:]I
3-2
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Change the
scale

Trace a graph

Analyse graph
with FCN
functions

6.

7.

Note: By default, the tracer

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).

Select Auto T — :
Scale ,,mm lot-Detail -
Plot-Table

Trace the linear function.
(4] 6 times

is active.

8.

Jump from the linear function to the quadratic function.

(&)

%-.6 Facs: 4.76 [MENL |

Display the Plot view menu.

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 [} or key. Then move the
cursor so that it is near x = —~1 by pressing the [»] or
(4] key.
SelectRoot
k]

The root value is
displayed at the bottom
of the screen.

\%g0T: ~1.5B57B643763 MENL

Find the intersection of the two functions.
[EEOREE (v) B

IntEF:ECtlﬂn
|51ope
Signed area.
+ Bt remum

e R AT

::1';;#.

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

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

Note: If there is more I-SECT: (=122
than one intersection (as

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

3-4
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To find the slope
of the quadratic
function

To find the signed
area of the two
functions

13.

14.

. Choose the end value for

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

EIERHH ECH] T R SE

Select Slope :\‘:"‘fw.: Y SEREEESEEEE

B2 D -\74_ Do
B

The slope value is T TR

displayed at the bottom FLOPEH HERL)

of the screen.

To find the area between the two functions in the range
-2 <x <-1, first move the cursorto F1(x) = | —x and
select the signed area option.

Select81gned area Hﬁ'?‘“-»\ﬁ__
o N
Dt SRR

([EDELE <TART: -1 m’]}mm

. Move the cursor to x = ~1 by pressing the [»] or [«

key.
i

L
|
s
)

iﬁsz';;I:::m

Lo Lo IARILE DE:

. Press to accept using F2(x) = (x + 3)2 — 2 as the other

boundary for the integral.

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

LERAE ENDY: -E_w

Function aplet
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To find the
extremum of the
quadratic

HINT

Display the
numeric view

18. Display the numerical value of the integral.

GRS

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

(o) EEHEES
Select Extremum HE

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

. Move the cursor to the quadratic equation and find the
extremum of the quadratic.

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

that may exist.

20. Display the numeric view.

NUM
| _F2
A
7.6l
8.2Y4
8. 83
9,58
16, 85
lal
Set up the 21. Display the numeric setup.
table SHIFT)SETUP-NUM
SRS FUNCTION NUMERIC SETUP S5
| MUMETRRT:
HUMSTER: 1
HUMTYPE: Automat ic
MUpzZooM: o
EHTER STRRTIMG YALUE FOR TRELE
L ECITEoofo ] IRROTH
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 godirectiytoa
value

To access the
zoom options

22. Match the table settings to the pixel columns in the graph
view.

R I

S FUNCTION HUMERIC SETUP B85
HUMSTART: Elapee
HUMSTER: 1

HUMTYPE:  Futomat ic
HUMZOOM: 3

EWTER STRRTING WRLUE FOR TRELE
EQIT:

23. Display a table of numeric values.

NUM

24. Move to X =-5.9.
6 times

F1 F2

o
RN
n
=

25. Move directly to X = 10.
10

26. Zoom in on X = 10 by a factor of 4. Note: NUMZOOM has
a setting of 4.

ELIEl Tn

- F2 |

CEREL]
4. 41
85 . 1556;
65 . 7N2h:
a6, 3506
67

Function aplet
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To change font
size

To display the
symbolic
definition of a
column

27. Display table numbers in large font.

EE

#_f F1 F2

9,873 [-9.875 (163,766

3.9 -2.2 i64.41

9,925 8,925 [1653.856
-2.95  [165.7B3

R R T Y

28. Display the symbolic definition for the F1 column.
(] EEER

The symbolic definition of
F1 is displayed at the bottom
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 areas for 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

« ISECT
» ROOT
»  SLOPE

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

c#Root “2+34TRoot
(5.02943725154, 3. 7.

3-8
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Access FCN
variables

FCN functions

The FCN variables are contained in the VARS menu.

To access FCN variables in HOME:

Select Plot FCN
)
{aJor(¥] to choose a

variable

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

Select Plot FCN

] :
{a]or{¥] to choose a variable
[

The FCN functions are:

Function Description

Root Select Root to find the root of the
current function nearest the cursor.
If no root is found, but only an
extremum, then the result is labeled
EXTR: instead of ROOT:. (The
root-finder is also used in the Solve
aplet. See also “Interpreting results”
on page 7-6.) The cursor is moved to
the root value on the x-axis and the
resulting x-value is saved in a
variable named ROOT.

Extremum Select Extremum to find the
maximum or minimum of the
current function nearest the cursor.
This displays the coordinate values
and moves the cursor to the
extremum. The resulting value is
saved in a variable named
EXTREMUM.

Slope Select S1lope to find the numeric
derivative at the current position of
the cursor. The result is saved in a
variable named SLOPE.

Function aplet



Shading area

Function Description (Continued)

Signed area Select Signed area to find the

numeric integral. (If there are two or
more expressions checkmarked,
then you will be asked to choose the
second expression from a list that
includes the x-axis.) Select a starting
point, then move the cursor to
selection ending point. The result is
saved in a variable named AREA.

Intersection Select Intersection to find the

intersection of two graphs nearest
the cursor. (You need to have at least
two selected expressions in
Symbolic view.) Displays the
coordinate values and moves the
cursor to the intersection. (Uses
Solve function.) The resulting x-
value is saved in a variable named

ISECT.

You can shade a selected area between functions. This process
also gives you an approximate measurement of the area
shaded.

1.

Open the Function aplet. The Function aplet opens in the
Symbolic view.

Select the expressions whose curves you want to study.

Press to plot the functions.

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

Press [EEEH,
Press B8z, then select Signed area and press B2

Press &, choose the function that will act as the
boundary of he shaded area, and press E3.

Press the [«] or [»] key to shade in the area.

Press to calculate the area. The area measurement is
displayed near the bottom of the screen.

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

3-10
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Plotting a piecewise defined function example

Suppose you wanted to graph the following piecewise defined
function.

fO=7 2 lax<i

1. Open the Function aplet.

Select
Function
E=T8ET

S FUNCTION SYMEOLIC VIEW B30
Fliny=

T
T3 i B T

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

UEH20E

N FUMCTION SYMEBOLIC VIER $5
CHARS < 1Oy =0 R =10
: WE2CHY=bR (=1 A
=1 0] CEREH= (41 /O 1)
Fd '
gpe) (-] O B FS
(sHiFT)CcHARS > [(5)]1
AND B

[SHFT)CHARS < 1 (1) (ENTER)
040 B0 B
rT)crars > 1]

Note: You can use the 8

menu key to assist in the \\\
entry of equations. It has e
the same effect as Iy ‘u\
- ; /" \
pressing (X.1.8]. o FLixi UMDEFIMED FETH]
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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 . They take the forms x = f(r) and
y =8,

Getting started with the Parametric aplet

The following example uses the parametric equations
x(#) = 3sint
y(t) = 3cost

Note: This example will produce a circle. For this example to
work, the angle measure must be set to degrees.

Open the 1. Open the Parametric aplet.
Parametric ‘
Seleft ' % APLET LIBRARY S0 EETTRE
ap|et Parametric Funct ion K
Inferential..
Faramstric
Polar
Bequence
Define the 2. Enter each equation.
expressions 3
HENE PRRAMETRIC SYMEOLIC WEW 250
v R1(TI=3*SINCT)
3 «lede*CDS(T)
(ENTER] TWE(T)=
KI(To= w
b tHRL T Ha ] EuRL
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Set angle 3. Set the angle measure to degrees.
measure (SHIFT} MODES
T L
T e |
Select Degrees pecy|Radians
Grads
CHOOZE AMGLE MERSURE
T (VTR
Set Up the pIOt 4. Display the graphing options.
SHIFT]PLOT
- S PARAMETRIC PLOT SETUP SSEEE
TRHG: [5] 12
TITEP: , 1
HEME —E, 5 =] f
vENE -3, 1 2.2 i
EMTER MIMIMUM TiME YALLE \
L oo | PRGEW] |
You can see the Plot Setup input form has two fields not
included in the Function aplet, TRNG and TSTEP. TRNG
specifies the range of r values. TSTEP specifies the step
value between  values.
3. Set the TRNG and TSTEP so that 1 steps from 0° to 360°
in 5° steps.
(] 360EE o _ S
SRR PARRMETRIC PLOT SETUPSSEEE
5 ﬁ’m: 8 e
TITEF: 0
HRHE: =]
YENG: -, 1 3.2
EMTEE MIHIMUM HORIZOMTAL YALUE
pEnTl | FGEwl 1|
Plot the 6. Plot the expression.
expression
e
/ i
(1Y
1/
Tog g )
7. To see all the circle, press EEZE twice.
HAEMUEIEME
Pl B
l T
[ ,"1
| k‘ "l
., ,/I
] |
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Overlay plOt 8. Plot a triangle graph over the existing circle graph.

SHIFT | PLOT
- RS PARAMETRIC PLOT SETUP SRR
E] TENG: B 368
T TSTER: 1280
12004 i 6.5
WRNG: -3, 1 2.2
ENTER MINIMUM HORIZOHTAL YALUE
B ECIT | PRGEW Do)
VIEWS
Select Overlay Plot 7
/ k!
e VANBRY,
A triangle is displayed e ]

rather than a circle
(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 available in the
Function aplet. See “Exploring the graph” on page 2-7
for further information.

Display the 9. Display the table of numeric values.
numbers NUM

You can see there is a
column of t-values.

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

You are able to explore the table using EXEE:, FiEET
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.
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Polar aplet

Getting started with the polar aplet

OpenthePolar 1.

aplet

Define the 2.

expression

Specify plot 3,

Open the Polar aplet.

Select Polar

Like the Function aplet,
the Polar aplet opens in
the Symbolic view.

£0IT

Define the polar equation r = 27 cos(O/Z)cos(S)2 .

& POLAR SYMEBOLIC VEH

Specify the plot settings. In this example, we will use the

settings default settings, except for the ORNG fields.
SHIFT|SETUP-PLOT
- POLAR PLOT SETU
[SHIFTJCLEAR ‘ 12. 5662,
B 4 TC o= S 6.5
YEMG: -3, 1 3.2
EMTER STEP SI2E
L]
Plot the 4. Plot the expression.
expression (PLOT)
Polar aplet 5-1



Explore the
graph

Display the
numbers

J.

6.

Display the Plot view menu key labels.

EEIm [

The Plot view options e \\L T,
available are the same as { ? :;’] }
those found in the R -
Function aplet. See EIEE'I-

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

Display the table of values © for and R1.

NUM

The Numeric view
options available are the

4.5H8G7

same as those found in

the Function aplet. See Feooel T Teis Toernt

“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.

You can define a sequence named, for example, Ul:

in terms of n

in terms of Ul{n-1)

in terms of Ul(n-2)

in terms of another sequence, for example, U2(n)

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.

Sequence
aplet

Open the Sequence aplet.

Select

Sequence
STHET

The Sequence aplet
starts in the Symbolic
view.

*
EMT [ CHE] oo SHONW]ENGL |

Seguence aplet
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Define the
expression

Specify plot

2

3.

Define the Fibonacci sequence, in which each term (after
the first two) is the sum of the preceding two terms:

U,=1,U,=1,U,=U,_+U, 5, forn>3.

In the Symbolic view of the Sequence aplet, highlight the
U1(1) field and begin defining your sequence.

| [FR | N

S SEQUENCE SYMEOLIC VIEW B

Uidio=1
Lli2a=1
o Haciy=
Note: You can use the D1CH-13+01 EN-2T
& B8 and B2 menu [EH-2aliN=1a ] W] UL iRMcL] oK |
kevs to assist in the entry
of equations.
ENTER
S SEQUENCE SYMBOLIC VIEW B0
“Ii1c1o=1
wUicz2a=1
-r’l ) U1 CH=—1 3+ CH,,
U2(2 = L

In Plot Setup, first set the SEQPLOT option to

settings Stairstep. Reset the default plot settings by clearing
the Plot Setup view.
— A Stairsteps graph plots » on the horizontal axis and
U,, on the vertical axis.
— A Cobweb graph plots U,,_; on the horizontal axis
grapn p n-1
and U, on the vertical axis.
SHIFTSETUP-PLOT
S v SRS SEQUENCE PLDT SETURE
(SHIFTJCLEAR SEG:FLIJ‘I]'.: Stairstep
HRNG: 8
8 e 2
(»] 8 | VNG 1@ &
\EHTER FMIMIMURM VERTICAL VALLE
TN ) T T e
8-2 Sequence aplet



Plot the 4.

sequence

5.
Display the 6.
table

Plot the Fibonacci
sequence.

W1 ULCH): 1 friEn |

In Plot Setup, set the SEQPLOT option to Cobweb.

SETUP-PLOT
Select Cobweb
.~

M1 LN 1 [HEND]

Display the table of numeric values for this example.

NUM
[ H i
I i
1
E] 2
Y Ed
5 a
& B
1
zioril | L EiG [DEFNT

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. You define an equation or expression in
the symbolic view, then supply values for all 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 a root, 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 EQ to E9. Each equation can contain
up to 27 real variables, named A to Z and 6.

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

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. Simultaneous linear equations, for example, should be
solved using matrices or graphs in the Function aplet.

Solve aplet 7-1



Getting started with the Solve aplet

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

Open the
Solve aplet

Define the
equation

Define known

The equation to solve is:

2 2
v = u +2ad

1. Open the Solve aplet.

Select Solve
ZTARE

The Solve aplet starts in
the Symbolic view.

2. Define the equation.

[ALPiA) V(F)
B () UGR)
6 26
[(ALPiA) A
[ALPiA) D (ENTER]

Sequence
Folar

Funct ion .
MV FUMC « 62K

REZET] SORT LSEND] RECY |

SOLVE SYMBOLIC VIEW
VE=l2+2eR%)

E=:

E4:

ES: L]
| EDIT [VoHkD =] oo [SHOWTEVRL |

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

equations.

3. Display the Solve numeric view screen.

variables NUM { SOLYE MWUMERIC YIE
[IERY]
[ |
b
EMTEE YALUE DR PRESS SOLVE
4. Enter the values for the known variables.
2 7 D 7 8 LVE MUMERIC WIEW §
160)67
100 [ENTER
EMTER VALHE BR PRESS SOLRE
HINT  If the Decimal Mark setting in the Modes input form
([SHIFT)MODES)is set to Comma, use (] instead of {].
72 Solve aplet



Solve the 5. Solve for the unknown variable (A).

unknown [z] @ WSULVE MUMERIL WEHW
variable sr.78

Therefore, the acceleration needed to increase the speed
of a car from 16.67 m/sec (60 kph) to 27.78 m/sec

(100 kph) in a distance of 100 m is approximately 2.47
m/s”.
Because the variable A in the equation is linear, once
values are substituted into V, U and D, we know that we
need not look for any other solutions.

Plot the The Plot view shows one graph for each member of the
g
eq uation selected equation. You can choose any of the variables in
the Numeric view to be the independent variable.

The other variables take on the values assigned to them in
the Numerlc view. The current equation is

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

One of these is ¥ = V2, with V = 27.78 , or

Y = 771.7284 . This graph will be a horizontal line. The
other graph will be ¥ = U +2AD , with U = 16.67
and D = 100, 0r ¥ = 2004 + 277.8889 . This graph is
also a line. The desired solution is the value of A where
these two lines intersect.

6. Plot the equation for variable A.

Select Auto /_,f“"
Scale
s v ol
e
J_ﬂ—ﬂ'

Xy
Y

E1:771. 7Eeq R
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7. Trace along the graph representing the left member of the
equation until the cursor nears the intersection.

{»] =20 times

Note the value of A
displayed near the P
bottom left corner of the  (mz.s

screen.

ELF7L.7eEd [T,

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

Meaning

ERIT

L NE

DEL

CLEAR

Copies the highlighted value to the edit
line for editing. Press EIZ when done.

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

Displays other pages of variables, if
any.

Displays the symbolic definition of the
current expression. Press E8 when
done.

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

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

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

7-4
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Use an initial guess

Number
format

HINT

You can usually obtain a faster and more accurate solution if
you supply an estimated valtue for the unknown variable
before pressing BEEES. Solve starts looking for a solution at
the initial guess.

Before plotting, make sure the unknown variable is
highlighted in the numeric view. Plot the equation to help you
selectan 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 format of Fixed 2 would
be appropriate in this case.

Solve aplet



Interpreting results

After Solve has returned a solution, press 12 in the Numeric
view for more information. You will see one of the following
three messages. Press B2 to clear the message.

Message Condition

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

Sign Reversal 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 because either 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.

Extremum 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 root. Or:
Solve stopped searching at
9.99999999999E499, the largest
number the calculator can represent.

7-6 Solve aplet



HINT

The Root-
Finder at work

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

i

Message 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.

It is important to check the information relating to the solve
process. For example, the solution that the Solve aplet finds is
not a solution, but the closest that the function gets to zero.
Only by checking the information will you know that this is
the case.

You can watch the process of the root-finder calculating and
searching for a root. Immediately after pressing Ef8HE to start
the root-finder, press any key except (ON]. You will see two
intermediate guesses and, to the left, the sign of the expression
evaluated at each guess. For example:

+22.219330555745
-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 (press [ON}) and start over with a different initial
guess.

Solve aplet
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Plotting to find guesses

The main reason for plotting in the Solve aplet is to help you
find initial guesses and solutions for those equations that have
difficult-to-find or multiple solutions.

Consider the equation of motion for an accelerating body:
2
X = vl -

where x is distance, vy is initial velocity, ¢ is time, and a is
acceleration. This is actually two equations, y = x and

2
y=vgt+(ar)/2.

Since this equation is quadratic for ¢, 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.
Selecr Solve EEIRE

(APHA)X B
(ALPHATV [XJ{ALPHA]T

EREES TOLE SYMEDLI. WIEW RREEE
VEL:H=ysT+RET2 2

(+][ALPHAJA E3:
ES: v

() (APA T (%) (512
13

CEMT iRl = | [SHOWIEVAL

2. Find the solution for T (time) when X=30, V=2, and
A=4, Enter the values for X, V, and A; then highlight the
independent variable, 7.

NUM SR SOLVE MOMERIC VIEW Do
0 [ENTER G

3 e 2

2 T
o it

@4 LNFU? . EMTER YRLUE OF PREZZ ZOLVE

[¥)(¥] to highlight T JepiTfinen] o] [BEFN [SOLVE]
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3. Use the Plot view to find an initial guess for T First set
appropriate X and Y ranges in the Plot Setup. Since we
have an equation,X = VX T+ AxT" /2, the plot will
produce two graphs?: one for Y = X and one for
Y = VxT+AxT /2. Since we have set X = 30 in
this example, one of the graphs willbe ¥ = 30.
Therefore, make the YRNG -5 to 35. Keep the XRNG
default of ~6.5 to 6.5.

[SHIFT)SETUP-PLOT
@5
35

RES: Dedail
EMTER HORIZOMTAL TICK SPACING
bl o PAGE Wl

4. Plot the graph.

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

T.

to move cursor to 5 7

the intersection. b, /

The two .pomts of \,\ .
intersection show that X e FiEND]

there are two solutions
for this equation. However, only positive values for x
make sense, so we want to find the solution for the
intersection on the right side of the y-axis.

6. Return to the Numeric view.

NUM FEHSUE SOLVE NUMERIC WIEW
% 36
w2

7 EFE s
Note: the T-value is filled

L . . ENTER YALUE O PRESS SOLVE
in with the position of the LINFO . o] {DEFN

cursor from the Plot
view.

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

ENES

S SOLYE NUMERIC WEM
=15
2

W
'S
T B
f:
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8. Use this 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 m/sz. Leave the last value of V as an
initial guess.

3 @ @ @ [EEE coLve WUMERIC VIEW SRR
50 e

EOLENE T 3

{EMTER VRLUE OR PREZS SOLVE 1

Using variables in equations

Home
variables

HINT

Aplet variables

You can use any of the real variable names, A to Z and 6. Do
not use variable names defined for other types, such as M1 (a
matrix variable).

All home variables (other than those for aplet settings, like
Xmin and Ytick) are global, which means they are shared
throughout the different aplets of the calculator. A value that
is assigned to a home variable anywhere remains with that
variable wherever its name is used.

Therefore, if you have defined a value for T (as 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 for T'in this Solve equation,
that value is applied to T in all other contexts (until it is
changed again).

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

As the Solve aplet uses any existing variable values, be sure
to check for existing variable values that may affect the solve
process. (You can use [SHIFT]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 enter F1 {X) =50 in the Solve aplet
to solve the equation X?+10=50.

7-10
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Statistics aplet

About the Statistics aplet

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

The Statistics aplet starts with the Numeric view which is used
to enter data. The Symbolic view is used to specify which
columns contain data and which column contains frequencies.

You can also compute statistics values in HOME and recall
the values of specific statistics variables.

The values computed in the Statistics aplet are saved in
variables, and many of these variables are listed by the EZETiES
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 | Resulting
(independent, x) Sales ($) (dependent, y)

2 1400

1 920

3 1100

5 2265

5 2890

4 2200

Statistics aplet
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Open the 1. Open the Statistics aplet and clear existing data by
Statistics aplet pressing =1,
n| £i ] Te [ t3 |4
Select Statistics 1
KEEZET
The Statistics aplet LEUTT LN [SIRE] S kel TR
starts in the Numerical
view 1VAR/2VAR
1ew. menu key label
At any time the
Statistics aplet is configured for only one of two types of
statistical explorations: one-variable (EEHI&E3) or two-
variable (EBEIET). The 5th menu key label in the Numeric
view toggles between these two options and shows the
current option.
2. Select EETAL
You need to select EEGIAD because in this example we are
analyzing a dataset comprising two variables: advertising
minutes and resulting sales.
Enter data 3. Enter the data into the columns.
2 (ER) T &
3 [ENTER)S I we—
5 [niER)4
a4
X 1406
to move to the next | A BTN ETAR RN PTTORTTE
column
1400 920
1100 2265 [Eniix)
2890 2200
8-2 Statistics aplet



Choose fit and
data columns

Explore
statistics

Setup plot

4.

8.

Select a fit in the Symbolic setup view.

SHIFT| SETUP-SYMB iﬁﬁm;smmncs SYMEOLIC SETUP fas

B HHELE MERSURE: Radians
{z] . ESIFIT: SERITL imear
Select Linear ERTLinear  SFTLinear
R SEFIT:L imear

CHODSE STATISTICE MODEL TYRE
i (T'F ) R R

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.

[FEID STATISTICE SYMBOLIC VIEW 32
31 cz
wFitl:mes+h

=

FitZ: m#H+b
ENTER IMDEFENDENT
BACHK] Gl TEHOM

You could have entered
your data into columns
other than CI and C2.

Find the mean advertising time (MEANX) and the mean
sales (MEANY).

MEANX is about 3.3
minutes and MEANY is
about $1796.

3, 23333333333
B I e

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

9 times a1 B
n
The value is 0.8995 to |§'Eg:,‘: 1135567

four significant digits. . ﬁ?ﬁégl
e L BE9530938561

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

SETUP-PLOT
37

100
4000

HEREE STATISTICS PLOT SETUP S
HRNG: -2 7

YENG: - 1 BER 4066
FIMARK: B SEMARK: £ SAMARE: 4
SHMARK: 13 SEMARK: 3

CHIGSE MARK FOR ZCATTER PLOT
o JCHODS] o]

Statistics aplet
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Plot the graph

Draw the
regression
curve

Display the
equation for
best linear fit

9.

10.

1.

12.

Plot the graph.
+
LI 138, 1400
Draw the regression curve (a curve to fit the data points).
FIEMLH l
o
T
This draws the _,_:h-"f
regression line for the EEEII]EEHI]
best linear fit.
Return to the Symbolic view.
SEE STRTISTICE SYMEOLIC VIEM S
» 51 5 [ cz
#Fit 18 425, BrI#k+37 0.
Fit2: mex+b v
EMTER IMDEPENDENT
Display the equation for the best linear fit,
(v] tomove to the FIT1
field
425, B7SK+376. 25
The full PIT1 |
expression is shown. The O O R T

slope (m) is 425.875.
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:
S (to highlight

Stat-Two)

(>1{¥] (10 highlight
PREDY)

6
14. Return to the Plot view.

[TRACHISDTD ] FIT aiTEFH |

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

(v)
6
b4
Observe the predicted y-
value in the left bottom
corner of the screen.
¥:6 PREDY:23LS [HERL |

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 C0
to C9. After entering the data, you must define the data set in

the Symbolic view ([SYMB]).

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

You can also store statistical data values by copying lists from
HOME into Statistics data columns. For example, in HOME,
Ll C1 stores a copy of the list 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:

Meaning

EOET

=
i

TU AR
R

DEL

SHIFT |CLEAR

SHIFT | cursor
key

Copies the highlighted item into the
edit line.

Inserts a zero value above the
highlighted cell.

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

Switches between larger and smaller
font sizes.

A toggle switch to select one-variable
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.

Deletes the currently highlighted
value.

Clears the current column or all
columns of data. Press [SHIFTCLEAR to
display a menu list, then select the
current column or all columns option,
and press [A.

Moves to the first or last row, or first or
last column.

8-6
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Example

You are measuring the height of students in a classroom to
find the mean height. The first five students have the
following measurements 160cm, 165cm, 170cm, 175cm,
180cm.

1.

Open the Statistics aplet.

APLET] Select
Statistics
RESETIVES

Enter the measurement data.

160
165 [ENTER]
170
175
180 {ENTER

Find the mean of the
sample.

Ensure the IR / EOLTA
menu key label reads
EERTAD. Press to

see the statistics

IS RPLET LIBRRGY SUERERTRY

Statistics L H

Furct ion HkE
Inferential 5. .24KE
FParametric akE
Polar .

= )
EENT L IH: FSORT ] EIG J1VARS]STATE
L[ |0k |

calculated from the sample data in C1. Press the key

to scroll to further statistics.

Note that the title for the
column of statistics is
H1. There are 5 data set
definitions available for
one-variable statistics:

1-vak | Hi1
IEHEY |7 .O058%Y
HMINE 160

[ 162.5
MEDIAN (178

o] 2

MARE

128

H1-HS5. 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
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4. Press to close the

statistics window and »‘néf C1 1
press key to see Ha: i
He s 1

the data set definitions.

The first column

SEEE STATISTICS SYMEOLIC YIEW SR
i

ENTER SAMPLE

indicates the associated

column of data for 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

Meaning

ELLY

et CHES

EBor#

ZHOEL

ENHL

DEL

Copies the column variable (or
variable expression) to the edit line for
editing. Press E8 when done.

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

Typing aid for the column variables
() or for the Fit expressions (E8).

Displays the current variable
expression in standard mathematical
form. Press EI8 when done.

Evaluates the variables in the
highlighted column (C1, etc.)
expression.

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

Displays the menu for entering math
operations.

Deletes the highlighted variable or the
current character in the edit line.

8-8
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Key Meaning (Continued)

[SHIFTJCLEAR Resets default specifications for the
data sets or clears the edit line (if it was
active).

Note: If (SHIFT)CLEAR is used the data
sets will 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 one is
rounded to the nearest of the five values first recorded. Instead
of entering all the new data in C1, we shall simply add another
column, C2, that holds the frequencies of our five data points
inClL

Height (cm) Frequency
160 5
165 3
170 8
175 2
180 1
5. Move the. highlight bar HFSTATIETICS SHEILIE VEW TR
Y A
replace the frequency H4: 1 v
EMTER ZAMPLE

value of 1 with the name LT [WHE] © | TSRDLEUAL)
C2.

E2

N

6. Return to the numeric view.

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

CEEES

-NTER
NTER
NTER

ENTER L EDT LN L S0RT ] BIG |1 HRRISTRT S

€3 | C4

m.:u.lmn-l:’

el NS e cBRON)
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Angle Setting

Save data

Edit a data set

Delete data

8. Display the computed vowan | HL
statistics.
You can scroll down to TE® 531570047
the mean. The mean T VR T RN ESURSR TSR

height is approximately
167.63cm.

9. Setup a histogram plot for the data.

[SHIFT]SETUP-PLOT SERZEE STATIZTICS PLOT SETUP
STRATPLOT: Hist  HWOTH: 5

Enter set up information & _{3'3 %85

appropriate to your data. HENG: 168
ENTER MAMIMUM HISTOGRAM VALLE
EmT o] PagEw o ]

10. Plot a histogram of the data.

H1: [160 . 1652 F: & HEHL

You 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.

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

In the Numeric view of the Statistics aplet, highlight the data
value to change. Type a new value and press [ENTER], or press
to copy the value to the edit line for modification. Press
after modifying the value on the edit line.

« To delete a single data item, highlight it and press [DEL].
The values below the deleted cell will scroll up one row.

» To delete a column of data, highlight an entry in that
column and press {SHIFT]CLEAR. Select the column name.

+  To delete all columns of data, press [SHIFT]CLEAR. Select
All columns.

Statistics aplet



Insert data

Sort data
values

Highlight the entry following the point of insertion. Press [EE,
then enter a number. It will write over the zero that was
inserted.

1. In Numeric view, highlight the column you want to sort,
and press AL,

2. Select the SORT ORDER option. You can choose either
Ascending or Descending.

3. Specify the INDEPENDENT and DEPENDENT data
columns. Sorting is by the independent column. For
instance, if Age is 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, choose None for the
dependent column.

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

4. Press HS.

Defining a regression model (2VAR)

To choose the
fit

The Symbolic view includes an expression (Fit1 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 Symbotic
view. This expression will be plotted, but it will not be
fitted to the data points.

1. In Numeric view, make sure EBLIAS is set.

2. Press [SHIFT)SETUP-SYMB to display the Symbolic Setup
view. Highlight the Fit number (S1FIT to S5FIT)you
want to define.

3. Press and select from the following list. Press
when done. The regression formula for the fit is
displayed in Symbolic view.

Statistics aplet



Fit models Eight fit models are available:

Fit model Meaning

Linear (Default.) Fits the data to a straight
line, y = mx+b. Uses a least-squares
fit.

Logarithmic Fits to a logarithmic curve,
y=mlnx + b.

Exponential | Fitstoanexponential curve, y = be™.

Power Fits to a power curve, y = bx".
Quadratic Fits to a quadratic curve,
y= ax’+bx+c. Needs at least three
points.
Cubic Fits to a cubic curve,

y = ax’ +bx° +cx+d. Needs at least
four points.

Logistic Fits to a logistic curve,
yo L
~bxy’
1+ ae( x)

where L is the saturation value for
growth. You can store a positive real
value in L, or—if L=0-—Ilet L be
computed automatically.

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

To define your 1. In Numeric view, make sure EEETETis set.
own fit

r

Display the Symbolic view.

3. Highlight the Fit expression (Fit1, etc.) for the desired
data set.

4. Type in an expression and press [ENTER].

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

This automatically changes the Fit type (S1FIT, etc.) in the
Symbolic Setup view to User Defined.
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Computed statistics

One-variable

Statistic Definition

NX Number of data points.

TOTZ Sum of data values (with their
frequencies).

MEANE Mean value of data set.

PVARZ Population variance of data set.

SVARZ Sample variance of data set.

PSDEV Population standard deviation of data
set.

SSDEV Sample standard deviation of data set.

MINX Minimum data value in data set.

Q1 First quartile: median of ordinals to
left of median.

MEDIAN Median value of data set.

03 Third quartile: median of ordinals to
right of median.

MAXYE 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 calculating Q1 and Q3 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.

Statistics aplet 8-13



Two-variable

Statistic Definition

MEANX 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.

Y2 Sum of yz-values‘

XY Sum of each xy.

sScov 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
columns for a linear fit only
(regardless of the Fit chosen). Returns
a value from Oto 1, where 1 is the best
fit.

RELERR The relative error (for the selected fit).
Provides a measure of accuracy for
the fit.
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Plotting

To plot statistical

data

HINT

You can plot:

» histograms (FEGIEY)

»  box-and-whisker plots (EEGET)
e scatter plots of data (EREGIE).

Once you have entered your data ([NUM)), defined your data
set ([SYMB}), and defined your Fit model for two-variable
statistics ([SHIFTSETUP-SYMB), you can plot your data. You
can select up to five scatter or box-and-whisker plots at a time.
You can plot only one histogram at a time.

1. In Symbolic view ([SYMB)]), select (EZEIH) the data sets

you want to plot.

2. For one-variable data (L), select the plot type in Plot
Setup ([SHIFT)SETUP-PLOT). Highlight STATPLOT, press
EEIE, select either Histogram or BoxWhisker, and
press HR

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 the HWIDTH setting.

4. Press [PLOT]. If you have not adjusted the Plot Setup
yourself, you can try select Auto Scale HIR

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

Statistics aplet



Plot types

Histogram

Box and
Whisker Plot

Scatter Plot

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

HL: 0,23 F:1 [HENL ]

(that is, the number of data elements that fall between 0 and 2)
is 1. 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 below the plot
indicate that the cursor is at the
first data point 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. This is not a
regression curve.

-

HLMED: 13 EE
£
-
+ 7 '
SBL1EL 6 EEH
S0 1%L B JHENL |
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Fitting a curve to 2VAR data

Correlation
coefficient

Relative Error

HINT

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

FHEND —"’/-{

ELIT] N
+

3t 131, 6 [HEHL]
FEIE STATISTICS SYMBOLIC VIEW S0
s1:1 Cz2
Fitli:2.12195121951..
w3821 03 Cd

ENTER UZER DEFINED FIT
ECIT [ CHEE 8 | JSHOW L EVAL |

The expression in F1t2 || 98682191781 H+2. 2657"
shows that the

slope=1.98082191781 and
the y-intercept=2.2657. o

The correlation coefficient is stored in the CORR variable. It is
a measure of fit to a linear curve only. Regardless of the Fit
model you have chosen, CORR relates to the linear model.

The relative error is stored in a variable named RELERR. The
relative error provides a measure of fit accuracy for all fits,
and it does 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 press to access the numeric view
and then to display the correlation values. The values
are stored in the variables when you access the Symbolic
view.

Statistics aplet
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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 as it 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 (when e23ad
is set). Press B to change the highlighted setting

HWIDTH enables you to specity 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 through S5MARK enables you to specify one of five
symbols to use to plot each data set. Press to change the
highlighted setting.

CONNECT (on the second page), when checkmarked,
connects the data points as they are plotted. The resulting line
is not 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).

8-18
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Trouble-shooting a plot

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

The correct EEEitaz or EEEHEI 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 using Auto
Scale (instead of [PLOT)), or adjust the plotting
parameters (in Plot Setup) for the ranges of the axes and
the width of histogram bars (HWIDTH).

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

In BBETEI mode, ensure that a paired column of frequency
values is the same length as the data column that it refers
o,

Statistics aplet
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Exploring the graph

The Plot view has menu keys for zooming, tracing, and
coordinate display. There are also scaling options under
(ViEws]. These options are described in“Exploring the graph”

on page 2-7.

Statistics aplet’s PLOT view keys

=

€y

Meaning

CLEAR

statistics only)

EFH

FERND

Erases the plot.

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

Moves cursor to far left or far right.

Displays ZOOM menu.

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

Turns fit mode on/off. Turning 88 on
draws a curve to fit the data points
according to the current regression
model.

Enables you to specify a value on the
line of best fit to jump to or a data point
number to jump to.

Displays the equation of the regression
curve.

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

Find predicted

values

HINT

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

[

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

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

In HOME,
— Enter PREDX(y-value)

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

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

You can type PREDX and PREDY 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.
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Inference aplet

About the Inference aplet

Example data

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:

s mean
+  proportion
+ difference between two means

» difference between two proportions

When you first access an input form for an Inference test, by
default the input form contains example data. This example
data is designed to return meaningful results that relate to the
test. It is useful for gaining an understanding of what the test
does, and for demonstrating the test. The calculator’s on-line
help provides a description of what the example data
represents.

inference aplet
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Getting started with the Inference aplet

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

Open the
Inference aplet

1.

Open the Inference aplet.

Select Inferential

ZTAETA

The Inference aplet opens
in the Symbolic view.

Inference aplet’s SYMB view keys
The table below summarizes the options available in
Symbolic view.

AR INF STAT SYMBDLIC WIEW BRRES
EELCRHYFOTH TEST

wrE:  Z-Test: 1 p

BLT HYPOTH: pd B

Choose an inFerentinl nethed
Lol

Hypothesis Tests

Confidence Intervals

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

Z: Hy— Mo, the
Z-Test on the
difference of two
means

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

Z: Py Py, the
Z-Test on the
difference in two
proportions

T: 1 u, the T-Test
on | mean

T: ny—uy, the
T-Test on the
difference of two
means

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

Z-Int: {1} — 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: Py — P,, the confidence
interval for the difference of two
proportions, based on the Normal
distribution

T-Int: 1 W, the confidence
interval for 1 mean, based on the
Student’s t-distribution

T-Int: i — Hy, the confidence
interval for the difference of two
means, based on the Student’s
t—distribution

9-2
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Define the
inferential
method

If you choose one of the hypothesis tests, you can choose the
alternative hypothesis to test against the null hypothesis. For
each test, there are three possible choices for an alternative
hypothesis based on a quantitative comparison of two
quantities. The null hypothesis is always that the two
quantities are equal. Thus, the alternative hypotheses cover the
various cases for the two quantities being unequal: <, >, and .

In this section, we will use the example data for the Z—Test on
1 mean to illustrate how the aplet works and what features the
various views present.

1. Select the Hypothesis Test inferential method.
EHOGE
Select HYPOTH TEST

SEEEINF STAT SYMEOLIC VIEW B8
HETHS:

Y
W (H'FOTH TEST
|y ICONE_TNTERVAL

%cnaose an inferential wethed
[ o]

T E T

2. Define the type of test.

CHOOGL
Z-Test: 1 M

3. Select an alternative hypothesis.

WHIEINE STAT SYMBOLIC VIEW SHeHE

CHOUS HETH
TVRE | > 3
H<upO ALY (el

Lhodse gligrnativg hupoathezisz

SEEINF STRT SYMBOLIC VIELS SRR

HETHOD: HYPOTH TEST
TYPE:  F-Test: 1 p
ALT HYPOTH: [EEHRLG]

Cheoze alternatiug hypothesis
TR [TV N R

Inference aplet
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Enter data

Display on-line
help

Display test
results in
numeric
format

4. Enter the sample statistics and population parameters that

define the chosen test or interval.

SHIFT ISETUP-NUM INF STHT

KUMERIC SETUP SN
; = Se
w5 o JZBEV

N

LgHple H2an

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

Field name | Definition

uo Assumed population mean

(&)

i

Population standard deviation

Sample mean

Sample size

Alpha level for the test

5.

7.

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

Display the on-line help.

HELF Tests the null hupothesis that
the population HRGn iZ an assuned
uglue, uf, ugu;nst the
atterpative hypotheses.

To close the on-line help,

Exanpie dgta

press . A ng of 5 randol nunbecs Foon 0
to 1, senerated by a calculater,
has @ Hean oF O0.HE13€Z. The

Display the test results in numeric format.

NUM NF STAT MUMERIC WIEW

Lol
Test 2=-, 34562854
Frob=, 1728219
Criticat 2=~1, 644854
Critical 7=, 43284583

The test distribution value
and its associated
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.

inference aplet



Plot test
results

8. Display a graphic view of the test results.

PLOT

Horizontal axes are
presented for both the

-

‘ -1, swasu CRIT,
[ Test 2=-, 5%2115*!
|
H

433Eu3a tng‘r 7
distribution variable and b
the test statistic. A generic __IIEE—-
bell curve represents the probability distribution
function. Vertical lines mark the critical value(s) of the
test, as well as the value of the test 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 data in the
Statistics aplet. Computed statistics for a sample of data in 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: Reser current settings.

(APLET) Select n| Ci] c2| ca|ca
Statistics 1

The Statistics aplet opens
in the Numeric view.

Inference aplet
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Enter data

HINT

Calculate
statistics

Open
Inference aplet

2.

In the C1 column, enter the random numbers produced
by the calculator.

[)529
(295
(952
(1259
(925
(592

If the Decimal 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 until BBETED is displayed as
its menu label.

Calculate statistics.

PURET
SURRT
PEDEY
=

The mean of 0.592 seems =

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.

Press H2 to close the computed statistics window.

Open the Inference aplet and clear current settings.

APLET] Select N INF STRT SYMBOLIC VIEMW S

nference LREIVENHYFOTH: TEST
RESETIYEE] TerE: Z-Test: 1
ETRET

ALT HYPOTH: p p B

Cheosd an inFerential nethed
B [
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Choose 7.
inference
method and
type

8.
Set up the 9,
interval
calculation
Importthe data 0.

Choose an inference method.
CHI S
Select CONF INTERVAL

SHE INF STAT SYMBOLIC VIER YEEHEE

LRI OHE THTERYAL
TYRE:  F—-TIHT: 1

Choose an anferential Hethed

Choose a distribution statistic type.

(v) EITE SEARINE STAT SYMBOLIC VIEW 0SS
Select T-Int: 1 u HETHOD: COMF THTERYAL
LA~ IHT: 1

Choose distribution statistic

Set up the interval calculation. Note: The default values
are sample data from the on-line help example.

SETUP-NUM

0 L2776
5@
[ ]
Saupla Hean

Lo JHELPHMPRTL ] oo

Import the data from the Statistics aplet. Note: The data
from Cl1 is displayed by default.

N IMPORT SAMPLE STHTS SRS
Note: If there are other w092

. n:6
columns of data in the s, ZRFRA42
Statistics aplet, you could ~|*"""™*
Stat ifiport data celukn

select a column and press TR T8 ETR
E2 10 see the statistics before importing them into the
Numeric Setup view. Also, if there is more than one aplet
based on the Statistics aplet, you are prompted to choose
one.

[0

]
2, 2978442546032
n:o&
oo, 9

Es«mple Hean
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Display
Numeric view

Display Plot
view

11. Specify a 90% confidence interval in the C: field.

13.

(v] (v] [¥] t0 move 1o the NE STRT NUMERIC SETUP 55
C: field 2
’ L 297844254685
0.9 3 ?
GHpLE Hean
. Display the confidence interval in the Numeric view.
Note: The interval setting is 0.5.
NUM S INF sat NUQERI" VIER S
l:rztz-:qmzr +2. 315942
womin =, S4E9514
wonax =, BEFALRE

Display the confidence interval in the Plot view.
PLOT =
P Py
T W
You can see, from the = Masfl'i' Eefgczgacﬁ Eumo'é“
S R R N
second text row, that the | FHEN . LA M R G

mean is contained within the 90% confidence interval
(CD) of 0.3469814 t0 0.8370186.

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

9-8
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Hypothesis tests

You use hypothesis tests to test the validity of hypotheses that
relate to the statistical parameters of one or two populations.
The tests are based on statistics of samples of the populations.

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

One-Sample Z-Test

Menu name

Inputs

Z-Test: 1 u

On the basis of statistics from a single sample, the 1 mean
7Z-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 value Hy: 1L~

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

Hpp<yy,
Hp:p>py
Hp#p,
The inputs are:
Field name Definition
X Sample mean.
n Sample size.
Uo Hypothetical population mean.
c Population standard deviation.
o Significance level.

Inference aplet
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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 values of Z associated
with the o level that you supplied.

Boundary values of ¥ required by
the o value that you supplied.

Critical X

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 equal (H: 1y = Ho).

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

Hytpy <iy
Hytpy > 1y
Hyy # 1y
Inputs The inputs are:
Field name Definition
71 Sample 1 mean.
2 Sample 2 mean.
nl Sample 1 size.
n2 Sample 2 size.
ol Population 1 standard deviation.
c2 Population 2 standard deviation.
o Significance level.
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Results

One—-Proportion Z-Test

Menu name

Inputs

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 the o level that you
supplied.

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 = m,

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

Him<mn,
H:m>m,
H:m#n,
The inputs are:
Field name Definition
X Number of successes in the sample.
n Sample size.
Ty Population proportion of successes.
o Significance level.

Inference aplet
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Results

Two—-Proportion Z-Test

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.

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.
(Hy: my= ).
You select one of the following alternative hypotheses against
which to test the null hypothesis:
Hymy<n,
H;® >n,
Hymy#m,
Inputs The inputs are:
Field name Definition
X1 Sample 1 mean.
X2 Sample 2 mean.
nl Sample 1 size.
n2 Sample 2 size.
a Significance level.
9-12 Inference aplet




Results

The results are:

Result Description

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

Test Z Z-Test statistic.

Prob Probability associated with the
Z—Test statistic.

Critical Z Boundary values of Z associated
with the o level that you supplied.

One-Sample T-Test

Menu name

Inputs

T-Test: 1

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 nulil
hypothesis is that the sample mean has some assumed value,
Hp :p =g

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

Hyp <y
Hy:pe> Py
Hi:p#W,
The inputs are:
Field name Definition
¥ Sample mean.
Sx Sample standard deviation.
n Sample size.
no Hypothetical population mean.
o Significance level.
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Results The results are:

Result

Description

Test T

Prob

Critical T

Critical x

T~Test statistic,

Probability associated with the
T-Test statistic.

Boundary value of T associated
with the o level that you supplied.

Boundary value of ¥ required by
the o value that you supplied.

Two-Sample T-Test

Menu name T-Test: p1 — U2

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 equal (H o: Uy = [p).

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

Hppy <y
Hppy>p,
Hypy #u,

9-14
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Inputs

Results

The inputs are:

Field name | Definition

1 Sample 1 mean.

32 Sample 2 mean.

S1 Sample | standard deviation.

52 Sample 2 standard deviation.

nl Sample 1 size.

n2 Sample 2 size.

o Significance level.

_Pooled? Check this option to pool samples based on
their standard deviations.

The results are:

Result Description

Test T T—Test statistic.

Prob Probability associated with the T-Test
statistic.

Critical T Boundary values of T associated with
the o level that you supplied.
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Confidence intervals

The confidence interval calculations that 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 for , the true mean of a population, when
the true population standard deviation, G, is known.

Inputs The inputs are:
Field name | Definition
3 Sample mean.
c Population standard deviation.
n Sample size.
C Confidence level.
Resuits The results are:
Resuit Description
Critical Z Critical value for Z.
1 min Lower bound for .
W max Upper bound for L.
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Two-Sample Z-Interval

Menu name Z-NT: ul—u2

This option uses the Normal Z-distribution to calculate a
confidence interval for the difference between the means of
two populations, {t; — lty, when the population standard
deviations, o and ©,, are known.

Inputs The inputs are:
Field name | Definition
¥l Sample 1 mean.
2 Sample 2 mean.
nl Sample 1 size.
n2 Sample 2 size.
ol Population 1 standard deviation.
c2 Population 2 standard deviation.
C Confidence level.
Results The results are:
Result Description
Critical Z Critical value for Z.
Ay Min Lower bound for yy ~ U,.
Au Max Upper bound for u; — .
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One-Proportion Z-Interval

Menu name Z-INT: 1 P

This option uses the Normal Z~distribution to calculate a
confidence interval for the proportion of successes in a
population for the case in which a sample of size, n, has a
number of successes, .x.

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.

7 Min Lower bound for 1.

7 Max Upper bound for 7.
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Two—Proportion Z-Interval

Menu name

Inputs

Results

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.

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.

The results are:

Result Description

Critical Z Critical value for Z.

A7 Min Lower bound for the difference between
the proportions of successes.

AT Max Upper bound for the difference between the
proportions of successes.
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One-Sample T-Interval

Menu name T-INT: L u
This option uses the Student’s t—distribution to calculate a
confidence interval for {1, the true mean of a population, for
the case in which the true population standard deviation, ©, is
unknown.
Inputs The inputs are:
Field name | Definition
% Sample mean.
Sx Sample standard deviation.
n Sample size.
C Confidence level.
Results The results are:
Result Description
Critical T Critical value for T.
U Min Lower bound for .
u Max Upper bound for W.
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Two-Sample T-Interval

Menu name T-INT: ul —u2

This option uses the Student’s t-distribution to calculate a
confidence interval for the difference between the means of
two populations, | — Uy, when the population standard
deviations, oyand o5, are unknown.

Inputs The inputs are:

Field name | Definition

xl Sample 1 mean.

i) 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 Min Lower bound for 1, — 5.
A Max Upper bound for {1 — 5.
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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 as Prob. on the MATH menu)
contains functions for working with probability.

To use a math function, you enter the function onto the
command line, and include the arguments in parentheses after
the function. You 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 menu is organized by category. For each category
of functions on the left, there is a list of function names on the
right, The highlighted category is the current category.

o MATH FUNCTIONS
AICEIL
Stat-Two |DEG+RAD
Symbolic |FLOOR
Tests »|FHROOT

wl-

*  When you press [MATH], you see the menu list of Math
functions. The menu key indicates that the MATH
FUNCTIONS menu list is active.
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To select a
function

Function categories

&2

Press to display the MATH menu. The categories
appear in alphabetical order. Press or (4] to scroll
through the categories. To skip directly to a category,
press the first letter of the category’s name. Note: 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
& This copies the function name (and an initial
parenthesis, if appropriate) to the edit line.

Calculus « Loop . StaTwo
Two—variabl
Complex +  Matrices ( wo—variable
statistics)
numbers )
«  Polynomial )
¢« Symbolic
Constant N
» Probability . Tests
H bolic tri
yperbalic g Real-numbers Trigonomet
Lists g ry

10-2
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Math functions by category

Following are definitions for all categories of functions except
List, Matrix, and Statistics, each of which appears in 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.

Syntax

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)m
(SHIFT]ARG
[SHIFTJAND
(5!
Gl

EEX

(ST

EHFTx

For a description, see “nt” on
page 10-9.

For a description, see “ARG” on
page 10-8.

For a description, see “d” on
page 10-7.

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

ey

For a description, see on

page 10-13.

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

For a description, see “Scientific
notation (powers of 10)” on
page 1-19.

For a description, see “[” on
page 10-7.

The multiplicative inverse function
finds the inverse of a square matrix,
and the multiplicative inverse of a
real or complex number. Also
works on a list containing only
these object types.
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Keyboard functions

CINCIARING

Ere”

EFT10¢

(§N)  (€55], (7AN]

The most frequently used functions are available directly from
the keyboard. Many of the keyboard functions also accept
complex numbers as arguments.

Add, Subtract, Multiply, Divide. Also accepts complex
numbers, lists and matrices.

valuel + value2, etc.

Natural exponential. Also accepts complex numbers.

e”value

Example
e”5returns 148.413159103

Natural logarithm. Also accepts complex numbers.
LN(value)

Example
LN (1) returns 0

Exponential (antilogarithm). Also accepts complex numbers.
10"value

Example
1073 returns 1000

Common logarithm. Also accepts complex numbers.
LOG(value)

Example

LOG(100) returns 2

Sine, cosine, tangent. Inputs and outputs depend on the
current angle format (Degrees, Radians, or Grads).

STN(value)
COS(value)
TaN(value)

Example

TAN(45) returns 1 (Degrees mode).

10-4
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SHIFTJASIN

SHIFTJACOS

SHIFT JATAN

XY

Arc sine: sin”'x. Output range is from -90° to 90°, —x/2 to
7/2, or ~100 to 100 grads. Inputs and outputs depend on the
current angle format. Also accepts complex numbers.

ASIN(value)
Example

ASIN(1) returns 90 (Degrees mode).

Arc cosine: cos ™ x. Output range is from 0° to 180°, 0 to &, or
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) returns 0 (Degrees mode).

Arc tangent: tan”x. Output range is from -90° to 90°, 2n/2 to
/2, or —100 to 100 grads. Inputs and outputs depend on the
current angle format. Also accepts complex numbers.

ATAN(value)
Example

ATAN (1) returns 45 (Degrees mode).

Square. Also accepts complex numbers.
value®

Example
182 returns 324

Square root. Also accepts complex numbers.
value

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.

valuepower
Example

278 returns 256

2
(SHIFT]ABS Absolute value. For a complex number. this is y/x™ + y2 .
ABS(value)
ABS((x,y)
Example
ABS (~1) returns 1
ABS((1,2)) returns 2.2360679775
1 Takes the nth root of x.
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—[d/dx] and | respectively—as
well as from the MATH menu.

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

dvariable(expression)
Example

ds1(s1%+3*%s1) returns 2*s1+3

Integrates expression from lower to upper limits with respect
to the variable 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)EIE (ENTER) finds the

indefinite result 3*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 the nth order Taylor polynomial of expression at
the point where the given variable = 0.

TAYLOR(expression,variable,n)
Example
TAYLOR(1 + sin(sl)2,sl,5)with Radians angle

measure and Fraction number format (set in MODES)
returns 1+s172-1/3*s174.

Using mathematical functions
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Complex nhumber functions

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

ARG Argument. Finds the angle defined by a complex number.
Inputs and outputs use the current angle format set in Modes.
ARG((x.y))
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.
CONJT((x,y)) ‘
Example
CONJ((3,4)) returns (3,-4)
IM Imaginary part, y, of a complex number, (x,y).
™ ()
Example
IM((3,4)) returns 4
RE Real part x, of a complex number, (x,y).
RE((x.))
Example
RE((3,4)) returns 3
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Constants

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

e Natural logarithm base. Internally represented as
2.71828182846.
e
i Imaginary value for V-1 , the complex number (0,1).
i
MAXREAL Maximum real number. Internally represented as
9.99999999999 3 104,
MAXREAL
MINREAL Minimum real number. Internally represented as 1 x 10 )
MINREAL
T Internally represented as 3.14159265359.
o

Hyperbolic trigonometry

The hyperbolic trigonometry functions can also take complex
numbers as arguments.

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

ASINH Inverse hyperbolic sine : sinh™x.
ASINH(value)

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

COSH Hyperbolic cosine
COSH(value)

SINH Hyperbolic sine.
SINH(value)

TANH Hyperbolic tangent.
TANH(value)
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ALOG

EXP

EXPM1

LNP1

List functions

Antilogarithm (exponential). This is more accurate than
107x due to limitations of the power function.

ALOG(value)

Natural exponential. This is more accurate than ¢ dueto
limitations of the power function.

EXP(value)

Exponent minus 1 : ¢'—1. This is more accurate than EXP
when x is close to zero.

EXPM1(value)

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

LNP1(value)

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

ITERATE

RECURSE

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

Repeatedly for #times evaluates an expression in terms of

variable. The value for variable is updated each time, starting

with initialvalue.

ITERATE (expression, variable , initialvalue ,
#times)

Example

ITERATE (X%, X,2,3) returns 256

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 , term-n, terml , term2)

Example

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

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

Summation. Finds the sum of expression with respect to
variable from initialvalue to finalvalue.

Z (variable=initialvalue , finalvalue , expression)

Example

T(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 (ferms).

POLYCOEF Polynomial coefficients. Returns the coefficients of the
polynomial with the specified roots.

POLYCOEF ([roots})
Example

To find the polynomial with roots 2, -3, 4, -5:
POLYCOEF ([2,~3,4,-5]) returns{1,2,-25,
-26,1201], representing K42:5-25x2-26x+120.

POLYEVAL Polynomial evaluation. Evaluates a polynomial with the
specified coefficients for the value of x.

POLYEVAL ( [ coefficients] , value)
Example

For x*42:3-25:%26x+120:
POLYEVAL([1,2,~25,-26,1201, 8) returns
3432.

POLYFORM Polynomial form. Creates a polynomial in variablel from
expression.

POLYFORM(expression,variablel)
Example
POLYFORM ( (X+1)"2+1,X) returns X" 2+2*X+2.

POLYROOT Polynomial roots. Returns the roots for the nth-order
polynomial with the specified n+1 coefficients.

POLYROOT([coefficients])
Example

For ++2x3-25x2-26x+120:
POLYROOT([1,2,-25,-26,1201) returns
[2,-3,4,-5].
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HINT

The results of POLYROOT will often not be easily seen in
HOME due to the number of decimal places, especially if they
are complex numbers. It is better to store the results of
POLYROOT to a matrix.

For example, POLYROOT ( [1, 0, 0, ~8] BEEEEM1 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 individually in calculations by
referring to M1(1), M1(2) etc.

Probability functions

CcOMB

PERM

RANDOM

Number of combinations (without regard to order) of » things
taken r at a time: n!/(rl(n—r)).

COMB(n, r)
Example

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

Factorial of a positive integer. For non-integers, ! = T'(x + 1).
This calculates the gamma function,

value!

Number of permutations (with regard to order) of n things
taken r at a time: n!/ (n-r)!.

PERM (1, r)
Example

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

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.

RANDOM

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
numbers which are as close to random as possible. You 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 xz
random variable is greater than value.

UTPC(degrees,value)

Upper-Tail Snedecor’s F Probability given numerator
degrees of freedom and denominator degrees of freedom (of
the F distribution), evaluated at value. Returns the probability
that a Snedecor's F random variable is greater than value.

UTPF(numerator,denominator,value)

Upper-Tail Normal Probability given mean and variance,
evaluated at value. Returns the probability that a normal
random variable is greater than value for a normal
distribution. Note: The variance is the square of the standard
deviation.

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

evaluated at value. Returns the probability that the Student's t-
random variable is greater than value.

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.
CEILING(value)

Examples
CEILING(3.2) returns 4
CEILING(~3.2) returns -3

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

DEG—HRAD(value)
Example

DEG—RAD(180) returns 3.14159265359, the
value of &.

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

FLOOR(-3.2) returns -4

Function root-finder (like the Solve aplet). Finds the value for
the given variable at which expression most nearly evaluates

to zero. Uses guess as initial estimate.

FNROOT(expression, variable, guess)
Example

FNROOT (M*9.8/600-1,M,1) returns
61.2244897959.

Fractional 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
expression in H. MMSSs format (time or angle that can include
fractions of a second) to x.x format (number of hours or
degrees with a decimal fraction).

HMS—(H.MMSSs)
Example

HMS—(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).

—HMS(x.x)
Exampie

—HMS (8.5) returns 8.3

Integer part.
INT(value)

Example

INT(23.2) returns 23

Mantissa (significant digits) of value.
MANT(value)

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.

MIN(valuel , value)
Example

MIN(210,25) returns 25

10-16
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MOD

%

%CHANGE

%TOTAL

RAD—DEG

ROUND

Modulo. The remainder of valuel fvalue2.
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, 100(y—x)/x.
%CHANGE(x, y)

Example
%CHANGE (20, 50) returns 150

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

Example
JoTOTAL (20, 50) returns 250

Radians to degrees. Converts value from radians to degrees.
RAD—SDEG (value)

Example

RAD->DEG (1) returns 180

Rounds value to decimal places. Accepts complex numbers.
ROUND(value, places)

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

Using mathematical functions
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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 number, this is the unit
vector in the direction of the number.

SIGN(value)
SIGN((x,y))

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

TRUNCATE Truncates value to decimal places. Accepts complex
numbers.

TRUNCATE(value , places)
Example

TRUNCATE (2.3678,2) returns 2.36

XPON Exponent of value.
XPON(value)

Example

XPON(123.4) returns 2

Statistics-Two

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

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

the result is usually in symbolic form (not a number). You will
find the symbols for the symbolic functions = and { (where) in
the CHARS menu ({SHIFT]CHARS) as well as the MATH menu.

= (equals) Sets an equality for an equation. This is not a logical operator
and does not store values. (See “Test functions” on page 10-
20.)

expression] =expression2

ISOLATE Isolates the first occurrence of variable in expression=0 and
returns a new expression, where variable=newexpression.
The result is a general solution that represents multiple
solutions by including the (formal) variables s/ to represent
any sign and #n/ to represent any integer.

ISOLATE (expression, variable)
Examples

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

LINEAR? Tests whether expression is linear for the specified variable.
Returns 0 (false) or 1 (true).

LINEARP? (expression, variable)
Example

LINEAR? ({(X"2-1)/(X+1),X) returns O

QUAD Solves quadratic expression=0 for variable and returns a new
expression, where variable=newexpression. The result is a
general solution that represents both positive and negative
solutions by including the formal variable S/ to represent any
sign: + or -,

QUAD (expression , variable)

Example

QUAD( (X-1)%~7,X) returns
(2+81*5.29150262213) /2
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QUOTE Encloses an expression that should not be evaluated
numerically.

QUOTE (expression)
Examples

QUOTE (SIN(45)) F1(X) stores the 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) puts the
expression XA3_2*X into F1(X) in the Function aplet.

| (where) Evaluates expression where each given variable is set to the
given value. Defines numeric evalnation of a symbolic
expression.

expression|(variablel =valuel , variable2=value2,...)
Example

3% (X+1) | {(X=3) retumns 12.

Test functions

The test functions are /ogical operators that always return
either a 1 (true) or a 0 (false).

< Less than. Returns 1 if true, O if false.
valuel <value2

< Less than or equal to. Returns 1 if true, 0 if false.
valuel <value?

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

#* Not equal to. Returns 1 if true, 0 if false.
valuel#value2

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

= Greater than or equal to. Returns 1 if true, 0 if false.

valuel2value?
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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 value?

If expression is true, do the trueclause; if not, do the

falseclause.

IFTE (expression, trueclause , falseclause )
Example
IFTE(X>0,X%,X%)
Returns 1 if value is 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

COoT

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: cosx/sinx.
COT(value)

Cosecant: 1/sinx
CSC(value)

Secant: 1/cosx.
SEC(value)

Using mathematical functions
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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. You can perform symbolic calculations in
HOME and in the Function aplet.

When you perform calculations that contain normal variables,
the calculator substitutes values for any variables. For
example, if you enter A+B on the command line and press
{ENTER], 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 calculation that contains a formal name, the

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

You can mix formal names and real variables. Evaluating
(A+B+S1)? 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*S52) 2 when 51=2 and
S$2=4, you would enter the calculation as follows:

(The | symbol is in the CHARS menu: press [SHIFTJCHARS.
The = sign is listed 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.

10-22

Using mathematical functions



Finding derivatives

The HP 39G/40G can perform symbolic differentiation on
some functions. There are 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:
.2

dx(sin(x”) + 2cos(x))

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

TSTH(GIEI72 T
0 0)

2. Evaluate the function.

SS1(SIH(S120+22 00551,
COSCS180% (2251 3 +2%-51..

| FERI R NN RSS! W s
3. Show the result.
(a)

cosls1®last+2-sIH51)

HP 39G HP 40G
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To find
derivatives in the
Function aplet’'s
Symbolic view

2. Define F2(X) as the

' F3iis

S Fac=
F1{( 1D = ¥
3. Select F2(X) and T Wﬁ“ﬁ?ﬂifﬁﬁéﬁfémﬁgﬁ |

evaluate it. -

Fa(io=

Faixy=
oo o

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 differentiate sin(xZ) +2cosx:

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

e
-2- =SINCRE 342500,

(Cos)mp)ma :

y= ¥
ECIT [ cHED & T [oRDi]EvaL]

R FURCTION SYMBIOUIC VIEH e
#EL =S INCHR 3 42%00,,
CE2LEI=ARCF L1 CE Yy

derivative of F(1).

4. Press to display the result. (Use the arrow keys to

view the entire function.)

Fac=cos(x¥)axra~sINGY  Fac=cos(x¥)ax-28IH(K)
N T S

HP SQG HP 40G

You could also just define

F1(x)= dx(sin(x’) +2cos(x)).
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To find the
indefinite integral
using formal
variables

HINT

For example, to find the indefinite integral of

f3x2 —Sdx use:

j(O,Sl,zxz-s,X)

1. Enter the function. SR

S [d/d) O[] S8, 51, BERE-5, ¥
L * - £
ALPHAJST [} 3 -SSR A SRR Y L
ALPHA | X =15
T O

{ALPHA) X (0] [ENTER]

If the Decimal Mark setting in the Modes input form
([SHIFT]MODES)is set to Comma, use [7] instead of {].

2. Show the result format. ﬂ 3
A
m;q 5_5'H+3. -ﬁd
ZHO it
3. Press HE& to close the T N P R T
show window.
4. Copy the result and evaluate.
Era] FUMCTION W U
JUBy 51, 3ERE~T, K] JTBy 5] 32XE-5, X7
-DEHASE (AN OB ANRI ) L - SENFIR (R B S AR RI) [
SSERFIR AR AHCNI D L] |- BER4ER RN D BREI Y L
=i S#81 3 +3% (5139 -3E51432(513-3
|
IM | LT S

HP 39G HP 40G

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

3

E
2 3
j3x - Sdx= = Sx+3| 5=—

W(X)

This result derives from substituting X=S7 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.

5
To see this, consider: J.(x . 2)4dx= (A—_S‘?‘-l—

Using mathematical functions
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The ‘extra’ constant of 6.4

) o TR FUNCTION
results from the substitution |4 ‘EB§§1 (3%‘1%) r?qﬂ 5

. . o5 {44 +1 3 %HE,,
of x = 0 into (x~2)°/5, NI TR T Tl
and should be disregarded if | (81-23°5-5+6.4)
an m‘a’c{]‘ume integral 1s m_--—
required.
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11

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 variable is an 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

e aplet variables

e 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 Manager ((SHIFT MEMORY) to view
the amount of memory available. The catalog views, which
are accessible via the Memory Manager, can be used to
transfer variables such as lists or matrices between
calculators.
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Storing and recalling variables

Numeric
Precision

To store a value

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

A number stored in a variable is always stored as a 12-digit
mantissa with 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. On the command line, R
enter the value or the
calculation for the result
you wish to store. E

2. Press EEEiEa

3. Enter a name for the
variable.

SkEB
4. Press (ENTER]. =

-——-—l
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To store the
results of a
calculation

To recall a value

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

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

3E08E60)E)3

B#{8x52"3

221776

Move the highlight to the result you wish to store.
Press E&H to copy the result to the command line.
Press EREAd.

A

Enter a name for the variable.

(a) CEEE BT (ACFI7A)
A

EARRDE

56 FUNCTION

S (B¥EIND
231776kA

6. Press to store the result.

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

2 (05330 ¥
B (ALFFiA) B (ENTER)

2°C5/208E
2.174802168394

!_Eﬂl---t

Torecall a variable’s value, type the name of the variable and

press [ENTER).
A

331776
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To use variables
in calculations

You can use variables in calculations. The calculator
substitutes the variable’s value in the calculation:

65 FIAIPIAIA (BNTER) e

FURCTION

65+A

221841

!Lm_--.-.‘

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 [J].

Note: In this instance,
there is no need to press
the ALPHA key.

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, press (v].
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5. Choose whether to place the variable name or the
variable value on the command line.

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

—  Press EEIEE to indicate that you want the variable’s
name to appear on the command line.

Press &3 to place the value or name on the command
line. The selected object appears on the command line.

kS

\ LR R e s

Note: The VARS menu can also be used to enter the
names or values of variables into 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

to select L1
EDIT]

Enter the data for L1.

88 [ifH 90 [E 39 [MH
65 EE 70 ER

o ve ¥
JEMT PN L ] ] F

Return to the List Catalog to create L.2.

SHIFT |LIST

to select L2
EDIT

LIST CHTALOG B CEEIAS
Size 5 GRE

Size @
L4 Size g BKE

LS Size BKE ¥
—_W-MW-W“MW—
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Enter data for L2.

55 OEH 48 [TE 86 [H
90 M= 77 63

Press to access HOME.

Open the variable menu and select L1.

(vars] (v](¥](v]{>]

HOM S]HPLET[MAM w]UALUE[(AML ]

Copy it to the command line. Note: Because the EIIS13
option is highlighted, the variable's name, rather than its
contents, is copied to the command line.

b=

FUNCTION

L1 J
Gl ] [ ] [ |

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

TR AC]
MM v)ES
B |

Store the answer in the List catalog L3 variable.

B (ALPRA)L3 -

L1+L2ELS
{143,138, 175,155, 147>

| T ) R I
Note: You can also type

list names directly from the keyboard.
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Home It is not possible to store data of one type in a variable of

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

Category

Available names

Complex

Graphic

Library

List

Matrix

Modes

Notepad
Program

Real

Z0t0 29

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

GO to G9

See “Graphic commands” on page 15-20 for
more information on storing graphic objects
via programming commands. See “To store
into a graphics variable” on page 14-5 for
more information on storing graphic object
via the sketch view.

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

L0t L9
For example, {1,2,3}E3Ed31.].
MO to M9 can store matrices or vectors.

For example, [[1,2],[3,4]] EEEI3 MO.

Modes variables store the modes settings that
you can configure using {SHIFT|MODES.

Notepad variables store notes.
Program variables store programs.

AtoZand 6.
For example, 7.45 BEETI A,
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Aplet variables

To access an
aplet variable

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 “Function
aplet variables” on page R-9.

Parametric X0, YO0 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 C0 to C9 (Numeric view). See “Statistics

aplet variables” on page R-14.

1. Open the aplet that contains the variable you want to

recall.

2. Press to display the VARS menu.

Use the arrow keys to select a variable category in the left
column, then press [» ] to access the variables in the right

column.

4. Use the arrow keys to select a variable in the right

column.

5. To copy the name of the variable onto the edit line, press
I8, (ETIEED is the default setting.)

6. To copy the value of the
variable into the edit line,

press BELIENE and press Ymax

KN
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Memory Manager

Example

You can use the Memory Manager to determine the amount of
available memory on the calculator. You can also use
Memory Manager to organize memory. For example, if the
available memory is low, you can use the Memory Manager
to determine which aplets or variables consume large amounts
of memory. You can make deletions to free up memory.

Start the Memory Manager. A list of variable categories
is displayed.

SHIFT |MEMORY

Free memory is
displayed in the top right
comer and the body of
the screen lists each
category, the memory it uses, and the percentage of the
total memory it uses.

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

o ¢ (v EEE

M2 181 RERL MATRIX
M= 141 REAL MATRIX GKE
M4 141 REAL MATRIX ake
i M5 141 REAL MRTRIK

[ EDIT [ REW | [SEND{RECY]

3. To delete variables in a category:

—  Press to delete the selected variable.

—  Press [SHIFT]CLEAR to delete all variables in the
selected category.

Variables and memory management 11-9
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Introduction

Vectors

Matrices

Matrix Variables

You can perform matrix calculations in HOME and in
programs, The matrix and each row of a matrix appear in
brackets, and the elements and rows are separated by commas.
For example, the following matrix:

123
456

is displayed in the history as:
[11,2,3},[4,5,6]]

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

You can enter matrices directly in the command line, or create
them in the matrix editor.

Vectors are one-dimensional arrays. They are composed of
just one row, A vector is represented with single brackets; for
example, [1,2,3]. A vector can be a real 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]]. You can create complex
matrices, for example, [[(1,2), (3,41, [(4.5), (6,D]].

There are ten matrix variables available, named MO to MO.
You can use them in calculations in HOME or in a program.
You 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

You can create, edit, delete,

send, and receive matrices in  |[11 1L KEAL MATEI OKE

Mz 243 REAL FATRIY

the Matrix catalog. ME 11 REAL MATRI HE
[ 181 REAL MATRIX OKE
. =
To open the Matrix catalog, ~ [M12 148 FeAL Mataix BKE
EMTINEW | - JsENDIRECH] |

press [SHIFT| 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
vz}xriable. M1 now contains the three roots of

X —x=0
Matrix Catalog The table below lists the operations of the menu keys in the
keys Matrix Catalog, as well as the use of Delete ({DEL]) and Clear
([SHIFT]CLEAR).

Key Meaning ]

Opens the highlighted matrix for
editing.

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

SEND Transmits the highlighted matrix to
another HP 39G/40G or a disk drive.
See “Sending and receiving aplets” on
page 16-5.

BECY 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.

(vJor | Moves to the end or the beginning of

(a] the catalog.

Matrices
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To create a matrix
in the matrix
catalog

Press [SHIFT]MATRIX to open the Matrix catalog. The
Matrix catalog lists the 10 available matrix variables, MO
to M9.

Highlight the matrix variable name you want to use and
press EIEEL

Select the type of matrix to create.

— For a vector (one-dimensional array), select Real
vector or Complex vector. Certain operations
(+, -, CROSS) do not recognize a one-dimensional
matrix as a vector, so this selection is important.

—  For a matrix (two-dimensional array), select Real
matrix or Complex matrix.

For each element in the matrix, type a number or an

expression, and press [ENTER]. (The expression may not

contain symbolic variable names.)

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

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

— [Edsl specifies that the cursor moves to the cell
below the current cell when you press [ENTER].

— EXg specifies that the cursor moves to the cell to the
right of the current cell when you press [ENTER].

— [l specifies that the cursor stays in the current cell
when you press (ENTER].

When done, press [SHIFT]MATRIX to see the Matrix
catalog, or press {HOME] to return to HOME. The matrix
entries are automatically stored.

M1 181 REAL MATRIA
M2 8N3 RERL MIATREE
M2 141 REAL MATRIY GKE
M4 1%1 RERL MATRIX OKE

S 281 REAL MATHI OKE ¥
EDIT IMELL [ o JSENDIRECU]. ]

A matrix is listed with two dimensions, even if it is 3x1. A
vector is listed with the number of elements, such as 3.

Matrices
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To transmit a You can send matrices between calculators just as you can
matrix send aplets, programs, lists, and notes.

L.

2
3
4.
5

Press EIEIE.

Align the HP 39G calculators’ infrared ports.
Open the Matrix catalogs on both calculators.

Highlight the matrix to send.

Press on the receiving calculator,

Matrices can also be transmitted to or from a computer a cable
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 press EHEE
Matrix edit keys The following table lists the matrix edit key operations.

Key Meaning

Copies the highlighted element to the
edit line.

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.)

it A three-way toggle for cursor
advancement in the Matrix editor. EEd
advances to the right, Effsi, advances
downward, and does not advance
at all.

(£ 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] [¥] | Moves to the first row, last row, first

)«

column, or last column respectively.

Matrices



To display a
matrix

To display one
element

To create a matrix
in HOME

To store one

+ In the Matrix catalog ([SHIFT|MATRIX), highlight the
mairix name and press ZEE.

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

press (ENTER).

In HOME, enter matrixname(row,column). For example, if
M2 is [[3,4],[5,6]], then M2(1,2) returns 4.

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

(6] keys).
2. Separate each element and each row with a comma.
Example: [[1,2],[3.4]].

3. Press 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.

FUHCTIOM §

[[S5-2, 5361, [16,211RNS | | [6E.53, 1118M6
[[2.5,7291,[16,211 [56,23,11]

T T e S RSS! OO

In HOME, enter:

element 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:
728 A2 ggglbl‘ﬁ 01 FUZN)EHE
F =19
FRMSD1 (2] ’ -
[ENTER] [ALPHA] M3
- [L2.5, 7281, [16,21]
(ENTER).
TN e O R B
An attempt to store an element to a row or column beyond the
size of the matrix results in an error message.
Matrices 12-5




Matrix arithmetic

Example

To multiply and
divide by a scalar

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
[15.61,[7.8]] into M2.

1. Create the first matrix.

(HiFTmATRIX EEEIER )1 z
I (ENTeR] 2 hk
3 (ENTER) 4

]

Create the second
matrix.

(srurT)maTrix (v) EEEl [ 1 1%
a5 (enieR) 6 () | 3E
[(¥) 7 (enTeg] 8 (nee)

T T T S

3. Add the matrices that you created.

[FoNE) (RLPAJMI ——
(AP M2. (ENTER)

FUMCTION 58

M1+M2
[[6,8]1,0168,123]

For division by a scalar, enter the matrix first, then the
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 (VK] P

§ FUNCTION
[[e,81,016,121]
[[3,43,[5,63]

12-6
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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:

[ALPHAIM1 [x] [ALPHAIM2 SRR 2
= 2
[[3,4]1,[5,61]

Miemz
l [[19,221, 48,5811

--—-—

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

For division of a matrix or a vector by a square matrix, the
number of rows of the dividend (or the number of elements, if
it is a vector) must equal the number of rows in 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 M271 * M.

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

(AFFAIMI (5] (APFAIM2

EARAD| E
M1+ %
[019,221.[42,50811

M1z
[[5,41,0-4,-311
N———

You can invert a square matrix in HOME by typing the matrix

{or its variable name) and pressing [SHiFT}x™ [ENTER]. Or you

can use the matrix INVERSE command. Enter
INVERSE(matrixname) in HOME and press [ENTER).

You can change the sign of each element in a matrix 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 =35
x+y—z =17
dx—y+2z =1
Open the Matrix catalog and choose to create a vector in
the M1 variable.
[SHIFT)MATRIX S s S amas me
Ml N CREATE HEH...W:%E
M2 [Real mabrix I
b3 (S ;
M4 [Complex matrix
(v] M5 |Complex vector
Create the vector of the constants in the linear system.
5 7
!
Return to the Matrix
catalog.'The vector you e ETE T s
created is listed as M1. M2 181 REAL MATRI oKE
4 141 REAL MATRI JKE
SHIFT IMATRIX MS 8K2 REAL MATEIX AYKE W
Select the M2 variable and create a new matrix.
R iz n ot e gt
E] 11 |FAEE CREATE NEH..,Mzimé’
Select Real matrix Resl iatiix
M Complex matrix
Rg Complex wector
Create a new matrix and enter the equation coefficients.
2 3(ENTER —— Z | &
4 [ENTER) (7 LB
1 1
1 4
-1 2 T ST T R
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7. Evaluate the calculation. LTS FINCTION

The result is a vector of the

solutions: | T 0 0

6. Return to HOME and enter the calculation to left

multiply the constants vector by the inverse of the
coefficients matrix.

M2 ST FUNCTION

EXi
(AL M1

M1 #11

Mzt

[2,3,-2]

e x =2

o 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 or in 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 resuit. 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,
CROSS(vectorl vector2). The matrix input can be either
a matrix variable name (such as M 1) or the actual matrix
data inside brackets. For example, CROSS(MI1,[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

»  For row# 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).

»  The argument marrix can refer to either a vector or a
matrix.

Matrix functions

COLNORM

COND

CROSS

DET

DOT

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

COLNORM((matrix)
Condition Number. Finds the 1-norm (column norm) of a
square martrix.

COND(matrix)

Cross Product of vectorl with vector2.

CROSS((vectorl, vector2)

Determinant of a square matrix.

DET(matrix)

Dot Product of two arrays, matrix] matrix2.

DOT(matrixl, matrix2)

12-10
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EIGENVAL

EIGENVV

IDENMAT

INVERSE

LQ

LsQ

LU

MAKEMAT

Displays the eigenvalues in vector form for marrix.

EIGENVAL (matrix)

Eigenvectors and Eigenvalues for a square matrix. Displays a
list of two arrays. The first contains the eigenvectors and the
second contains the eigenvalues.

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 an m X n matrix into three matrices:
{lL m x n lowertrapezoidal]l,Il n x n orthogonall],
{[ m x m permutation]]}.

LQQUmatrix)

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

LSQ(matrixl, matrix2)

LU Decomposition. Factors a square matrix into three
matrices:

{lWowertriangular]),{[uppertriangular]].[| permutation]]}
The uppertriangular has ones on its diagonal.

LU(matrix)
Make Matrix. Creates a matrix of dimension rows x columns,
using expression to calculate each element. If expression
contains the variables I and J, then the calculation for each

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

MAKEMAT (expression, rows, columns)
Example

MAKEMAT(0,3,3) returns a 3x3 zero matrix,
[{0,0,01,10,0,01.[0,0,011.

Matrices
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QR QR Factorization. Factors an nmixn matrix into three matrices:
{{[mam orthogonalll,|[mxn uppertrapezoidal]l,[[nxn
permutation]]}.

QR(matrix)

RANK Rank of a rectangular matrix.

RANK(matrix)

ROWNORM Row Norm. Finds the maximum value (over all rows) for the
sums of the absolute values of all elements in a row.

ROWNORM(matrix)

RREF Reduced Row Echelon Form. Changes a rectangular matrix to
its reduced row-echelon form.

RREF(matrix)

SCHUR Schur Decomposition. Factors a square matrix into two
matrices. If matrix is real, then the result is
{{[orthogonalll,[[upper-quasi triangular]]}.

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

SCHUR (matrix)
SIZE Dimensions of matrix. Returned as a list: {rows,columns].
SIZE(matrix)
SPECNORM Spectral Norm of matrix.
SPECNORM(matrix)
SPECRAD Spectral Radius of a square marrix.
SPECRAD(matrix)
SVvD Singular Value Decomposition. Factors an m x n matrix into

two matrices and a vector:
{{[m x m square orthogonalll,{[n x n square orthogonall],
[reall}.

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

SVL(matrix)
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TRACE

TRN

Examples

Identity Matrix

Transposing a
Matrix

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

TRACE(matrix)

Transposes matrix. For a complex matrix, TRN finds the
conjugate transpose.

TRN(matrix)

You can create an identity matrix with the IDENMAT
function. For example, IDENMAT(2) creates the 2x2 identity
matrix {[1,01,[0,17].

You can also create an identity matrix using the MAKEMAT
(make matrix) function. For example, entering
MAKEMAT(I#],4,4) creates a 4 x 4 matrix showing the
numeral 1 for all elements except zeros on the diagonal. The
logical operator # returns 0 when I (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
[[1.3L.[2.41].

Matrices
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Reduced-Row
Echelon Form

The following set of equations x -2y + 3z = 14
2x+y—z = -3
4x-2y+2z = 14
12 314
can be written as the augmented matrix {2 | -1/-3
4 -2 2114

which can then stored as a ml 1 5 3 4

3 x 4 real matrix in M1. : ° 5 14
Iy -2 2 14
1
| BT T S Vi
You can use the RREF

function to change this to
reduced row echelon form,
storing it as M2 for

REREF (M1 2BMz2
[01,8,68,11,08,1,8,-2]..

convenience. |\ R e T
The reduced row echelon EEI] = ] S
matrix gives the solution to i t ’ L

. . . E 0 1 E]
the linear equation in the
forth column.

An advantage of using the RREF function is that 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:

The final row of zeros in the [
reduced-row echelonformof | 1 i
the augmented matrix 3
indicates an inconsistency.

LEDT [ Ns bEns BEIG L o
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Lists

You can do list operations in HOME and in programs. A list
consists of comma-separated real or complex numbers,
expressions, or matrices, all enclosed in braces. A list may, for
example, contain a sequence of real numbers such as
{1,2,3}. (If the Decimal Mark in MODES is set to Comma,
then the separators are periods.) Lists represent a convenient
way to group related objects.

There are ten list variables available, named 1.0 to L9. You
can use them in calculations or expressions in HOME or in a
program. Retrieve the list names from the VARS menu, or just
type their names from the keyboard.

You can create, edit, delete, send, and receive named lists in
the List catalog ([SHIFT)LIST). You can also create 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
(or vice versa) and use any of the list functions on the statistics
columns, or the statistics functions, on the list variables.

Create a list in 1. Open the List catalog.

the List SHIFT)LIST.
Catalog 2. Highlight the list name ize S
Size D
youwanttouse (L1, etc.) |4 Size @ aKB
Size @ KB ¥

and press to display
the List editor.

ENIT
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3. Enter the values you want in the list, pressing [ENTER

after each one.

Values can be real or
complex numbers (or an
expression). If you enter
a calculation, it is
evaluated and the result

¥
T T S

is inserted 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:

Meaning

RECY!

DEL
[SHIFT]CLEAR

T () or
@)

Opens the highlighted list for editing.

Transmits the highlighted list to

another HP 39G/40G or a PC. 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 a list, the following
keys are available to you:

Key Meaning

EILEE Copies the highlighted list item into

the edit line.

H= Inserts a new value before the
highlighted item.
DEL Deletes the highlighted item from the
list.

[SHIFT)CLEAR Clears all elements from the list.

{v]or Moves to the end or the beginning of
(a] the list.

Create alistin 1. Enter the list in the edit line. Start and end the list with
HOME braces (the shifted [&] and (9] keys) and separate each
element with a comma.,

2. Press to evaluate and display the list.

Immediately after typing in the list, you can store it in a
variable by pressing listname (ENTER]. The list
variable names are L.O through L9,

This example stores the
list {25,147,8} in L.1.
(‘You can omit the final

. £52,3%49, B2kL1
brace when entering a 125, 147,82
list. |
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Displaying and editing lists

To display a list s Inthe List catalog, highlight the list name and press E3E.
« In HOME, enter the name of the list and press [ENTER].

To display one In HOME, enter listname(element#). For example, if L2 is
element {3,456}, then L2(2) returns 4.
To edit a list 1. Open the List catalog.

(SHIFTILIST.

Size B
L4 Size 8
LS Size @

o] JSERDARECE

2. Press (a] or (¥] to highlight the name of the list you
want to edit (L1, etc.) and press to display the list

contents.
ERIT
3. Press {Z] or @ to R e

highlight the element you want to edit. In this example,
edit the third element so that it has a value of 5.

sajkal=ri
;
5 e
4t B5
3
Lllllllllllllllﬂﬂﬂ!l]ﬂﬂ

4, Press HE.
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To insert an
element in a list

To store one

Open the List catalog.

[SHIFT)LIST.

T CATALOG ESE EERINRY

o & LHEKE

Press [a] or [¥] to highlight the name of the list you
want to edit (L1, etc.) and press to display the list
contents.

EDIT

Press [Z] or E] to the | S T e
insertion position.

New elements are inserted above the highlighted
position. In this example, an element, with the value of 9,
is inserted between the first and second elements in the
list.

52

% 1% 3
|
i1: 88
3: g9
9 4r &5
G4 |
Pooofoo b b akiE] ok |
Press EI&E.

In HOME, enter value B8E43 [istname(element). For example,

element to store the second element of L1 to 148, type
148 L1(2) [ENTER).
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Deleting lists

To delete a list In the List catalog, highlight the list name and press [DEL].
You 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

You can send lists to calculators or PCs just as you can aplets,
programs, matrices, and notes.

1.

2
3.
4
5

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

Press EEIE.

Press [HEER on the receiving calculator.

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

Lists



List functions

Following are details of list functions. You can use them in
HOME, as well as in programs.

You can type in the name of
the function, or you can copy
the name of the function from
the List category of the
MATH menu. Press

[J (the alpha L
character key). This displays
the List category. Press (»], select a function, and press FIH.

ﬁmwm«m{w FakimTinLL M‘iwm««fc{@i
S MATH FUNCTIOMS Doy

List o Dlwaiincy

¢ {Loop alIST

Mat iz MAKELIST

~|Poluynom. w[TLIST L

1 T B Y108 B T

List functions have the following syntax:

»  Functions have arguments that are enclosed in
parentheses and separated by commas. Example:
CONCAT (L1, L2). An argument can be cither a list
variable name (such as L.1) or the actual list. For
example, REVERSE ({1,2,31}).

= 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.
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CONCAT

ALIST

MAKELIST

HINT

Concatenates two lists into a new list.
CONCAT (list] , list2)
Example

CONCAT ({1,2,3},{4)) returns {1,2,3,4}.

Creates a new list composed of the differences between the
sequential elements in /ist]. The new list has one fewer
elements than list{. The first differences for {x; x; ... x,} are

{X0—xy o =X, )
ALTST (list])
Example

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

{3,5,8,12, §E{;‘mm;uncnuu %

Tk SeB. 125174 235BLS
17,23 (SHIFT) } BRS iE, 5812, 17,23
(RFAL 5 stz
L @ {24354 562
Select ALIST HE R R
[RTPFIA)L (FRTER)

Calculates a sequence of elements for a new list. Evaluates
expression with variable from begin to end values, taken at
increment steps.

MAKELIST (expression, variable, begin, end,
increment)

The MAKELIST function generates a series by automatically
producing a list from the repeated evaluation of an expression.

Example

In HOME, generate a list of squares from 23 to 27.
[MATH]L [»]Select

MAKELIST f3

(ALPHAJA MAKELIST (A2, Ay 23527, 1)
S OPTAIA (123 (27 | LD29:576,625, 676, 73
(ArHAJA [J23 (27 |

(Jr o) | O Y Y Y
If the Decimal Mark setting in the Modes input form

([SHIFT)MODES)is set to Comma, use (] instead of [].

13-8

Lists



MLIST

POS

Calculates the product of all elements in list.
MLIST (list)
Example

NLIST({2,3,4}) returns 24.

Returns the position of an element within a list. The element
can be a value, a variable, or an expression. If there is more
than one instance of the element, the position of the first
occurrence is returned. A value of 0 is returned if there is no
occurrence of the specified element.

POS (list, element)
Example

POS ({3, 7, 12, 19},12) returns 3

REVERSE Creates a list by reversing the order of the elements in a list.
REVERSE (/ist)
SIZE Calculates the number of elements in a list.
SIZE (list)
Also works with matrices.
SLIST Calculates the sum of all elements in list.
ZLIST (list)
Example
XLIST({2,3,4}) returns 9.
SORT Sorts elements in ascending order.
SORT (list)
Lists 13-9



Finding statistical values for list elements

To find values such as the mean, median, maximum, and
minimum values of the elements in a list, use the Statistics
aplet.

Example

HINT

In this example, use the Statistics aplet to find the mean,
median, maximum and minimum values of the elements in the

list, L1.
1. Create L1 with values 88, 90, 89, 65, 70, and 89.
{88 (J90(] T S TATISTICS S
w@&@m.w
(ALPHAL1
(A7) RN a%m
m
ST STATISTICE B
{85,90,89, 65, 7H, 89301
{7744,8188, 792142255
| T e T L O

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

2.

In HOME, store L1 into C1. You will then be able to see
the list data in the Numeric view of the Statistics aplet.

(ALPHAJLI g s s

[T k] P L8E,9 i =1x] =R

Cl E??C?,om@,‘ 7521, 4225,
{88,190, 59, 65, 78, 833

Start the Statistics aplet, and select 1-variable mode
(press EEETES, if necessary, to display E85EEd).
Select

Statistics

EZTHET

Note: Your list values
are now in columnl
(Cl).

13-10
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4.

In the Symbolic view, define HI (for example) as C1
(sample) and 1 (frequency). Make sure that H1 is
checkmarked.

SYMB SPE STATISTICS SYMEOLIC WEW S0
vHi:C1 1
Hz: R 1
H3: 1

Hes 1 v

ENTER ZAMPLE
EDIT JfCHET €] [SHOW

Go to the Numeric view
to display calculated statistics.

(N =rar:

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

Lists
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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 independent Note 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.

The Notepad 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.

In an aplet, press [SHIFT)NOTE for the Note view.

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

Set Alpha lock (EBES) for quick entry of letters. For
lowercase Alpha lock, press .28

While Alpha lock is on:

— To type a single letter of the opposite case, press

letter.

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

Meaning

Bl

DEL
CLEAR

MATH

(SHFT)CMDS

SHIFT JCHARS

Space key for text entry.

Displays next page of a multi-page
note.

Alpha-lock for letter entry.

Lower-case Alpha-lock.

Backspaces cursor and deletes
character.

Deletes current character.
Starts a new line.
Erases the entire note.

Menu for entering variable names,
and contents of variables.

Menu for entering math operations,
and constants.

Menu for entering program
commands.

Displays special characters. To type
one, highlight it and press EZ. To
copy a character without closing the
CHARS screen, press EEIH,

14-2
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Aplet sketch view

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

view

Sketch keys

Meaning

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

Adds anew, blank page to the current
sketch set.

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

Opens the edit line 1o type a text

label.

Displays the menu-key labels for
drawing.

DEL Deletes the current sketch.

(SHIFT)CLEAR Erases the entire sketch set.

=] Toggles menu key labels on and off.
If menu key labels are hidden, z] or
any menu key, redisplays the menu
key labels.

To draw a line 1. In an aplet, press {SHIFT]SKETCH for the Sketch view.

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

Press EBIEE. This turns on line-drawing.

4. Move the cursor in any direction to the end point of the
line by pressing the [a], {¥], %), (€] keys.

5. Press to finish the line.
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To draw a box

To draw a circle

DRAW keys

1. In Sketch view, press DEEIE and move the cursor to
where you want any corner of the box to be.
2. Press B, This turns on box-drawing.
3. Move the cursor to mark the opposite corner for the box.
You can adjust the size of the box by moving the cursor.
4. Press 0 to finish the box.
1. In Sketch view, press and move the cursor to
where you want the center of the circle to be.
2. Press [EIAHE. This tums on circle drawing.
3. Move the cursor the distance of the radius.
4. Press & to draw the circle.
Key Meaning
Dot on. Turns pixels on as the cursor
moves.
it Dot off. Turns pixels off as the cursor
moves.
LiHE Draws a line from the cursor’s starting
position to the cursor’s current position.
Press when you have finished. You
can draw a line at any angle by moving the
CUFSOT,
o Draws a box from the cursor’s starting
position to the point at which you press
1 EN
CiRCL 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. Press [& to draw the
circle.

14-4
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To label parts of a
sketch

To create a set of
sketches

To store into a
graphics variable

b

Press and type the text in the edit line. To lock the

Alpha shift on, press E&=3 (for uppercase) or (SHiFT B
(for lowercase).

To make the label a smaller character size, turn off EiE
before pressing EEES. (B is a toggle between small and
large font size). The smaller character size cannot display
lowercase letters.

Press H&.

Position the label where you want it by pressing the [a],
(v]. (). (] keys.

Press E& again to affix the label.

Press [EIE] to continue
drawing, or press

to exit Sketch

view.

You can create a set of up to ten sketches. This allows for
simple animation.

After making a sketch, press 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, press ETEES,
Hold EEIEE3 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.

L.

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

Press EREd3.

Highlight the variable name you want to use and press
o=

Draw a box around the portion you want to copy: move
the cursor to one corner, press EH, then move the cursor
to the opposite corner and press HE,

Notes and sketches
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To import a You can copy the contents of a graphics variable into the
graphics variable  Skeich view of an aplet.

1.

X1

The notepad

Open the Sketch view of the aplet ({SHIFT}SKETCH). The
graphic will be copied here.

Press [VARS), BEIEE, Highlight Graphic, then press ]
and highlight the name of the variable (G1, etc.).

Press EETENE {3 (o recall the contents of the graphics
variable.

Move the box to where you would like to copy the
graphic, then press 2.

Subject to available memory, you can store as many notes as
you want in the Notepad ([SHIFTJNOTEPAD). 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 views, but these can be imported. See
“To import a note” on page 14-8.

To create a note I

in the Notepad

2

.Display the Notepad T NITE ATAL
catalog.
[SHIFTJNOTEPAD

Create a new note.
HEE]

Enter a name for your
note.

i HEKW MOTEX

= nare:
MYNOTE
MYNOTE«

| o I T (T T

Note: In this example,
the name of the note is ‘MYNOTE".

14-6

Notes and sketches



4. Write your note.

See “Note edit keys’

page 14-2 for more

|
information on the entry |
i

and editing of notes.

[ INDTE N
“on |THIZ IS My TEST

| B T R R [0 [T

5. When you are finished,

press [HOME] or an aplet key to exit Notepad. Your work
is automatically saved.

Notepad Catalog keys

Key Meaning

Opens the selected note for
editing.

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

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

HELY 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:

L.

)

In the Function aplet, display the Note view
([SHIFT|NOTE).

Press EEEER, highlight Notepad in the left-hand
list, then highlight the name “Assignments” in the right-
hand list.

Press E518HS HA to copy the contents of “*Assignments”
to the Function Note view.

Note: To recall the name instead of the contents, press
[STIBH instead of BEOEHE

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

1.

In the Notepad ([SHIFT]NOTEPAD), open the note
“Assignments”.

Press FiE538 highlight Note in the left column,
then press (»] and highlight NoteText in the right
column.

Press BT to recall the contents of the Note view
into the note “Assignments”.

14-8
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Programming

introduction

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

» programming variables.

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

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

These items are separated by a colon ( : ). Commands that take
multiple arguments have those arguments separated by a
semicolon ( ; ). For example,

PIXON xposition;yposition:

Structured Inside a program you can use branching structures to control

Programming 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. Note: If a program has a space in its
name then you have to put quotes around it when you want to
run it.

Example RUN GETVALUE: RUN CALCULATE: RUN
"SHOW ANSWER":

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.
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Program catalog

Open 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

¢ create a new program

» enter commands from the program commands menu
= enter functions from the MATH menu

» edit a program

« run and debug a program

*  stop a program

e copy aprogram

« send and receive a program

« delete a program or its contents

¢ customize an aplet.

1. Press [SHIFT)PROGRM.
The Program catalog displays a list of program names. If
you haven't created any programs, the only name you'll
see is Editline.

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 press from HOME
without entering any data, the HP 39G/40G runs the
contents of Editline.)

Bditine is ey saana cnacos So
a built-in  —— [HEFEHEES

function.

s
me-ﬁmmmm‘i

[
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.

15.2
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Program catalog keys

The program catalog keys are:

Key

Meaning

EDIT

HE ]

RECY

LM

DEL

0 @) or (7)

CLEAR

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 a disk
drive.

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

Runs the highlighted program.

Moves to the beginning or end of the
Program catalog.

Deletes the highlighted program.

Deletes all programs in the program
catalog.

Programming




Creating and editing programs

Create a new 1. Press [SHIFT]PROGRM to open the Program catalog.
P 8
program 2. Press EEEL
The HP 39G/40G FNEH PROGRAME
prompts you for aname. | S
ENTER MWAME FOBE MEW FROGERAM.
A program name can contain special characters, such as a
space. However, if you use special characters and then
run the program by typing it in HOME, you must enclose
the program name in double quotes (" "). Don't use the "
symbol within your program name.
3. Type your program
name, then press EE.
When you press HH, the
Program Editor opens.
4. Enter your program.
When done, start any other activity. Your work is saved
automatically.
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Enter
commands

Edit a program

Until you become familiar with the HP 39G/40G commands,
the easiest way to enter commands is to use the Commands
menu from the Program editor. You can always type in
commands using alpha characters.

1.

1.

From the Program editor, press CMDS to open the
Program Commands menu.

-SH!FT CMDS PP sannrns nemcnage
}4 LR PROGRAM COMMANDS BEGE
CHECK
SELECT
SETYIEWS
UNCHECK

Graphic

On the left, use [¥) or [a] to highlight a command
category, then press [»] to access the commands in the
category. Select the command that you want.

5218210152

Grraphic w|FREEZE w

Press & to paste the command into the program editor.
To enter functions (more
to come)

Press [SHIFT]PROGRM to

open the Program
catalog.

Use the arrow keys to highlight the program you want to
edit, and press BHER. The HP 39G/40G opens the
Program Editor. The name of your program appears in
the title bar of the display. You can use the following
keys to edit your program.

Programming
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Editing keys

The editing keys are:

Key Meaning

Inserts the character at the editing
point.

SFALE Inserts space into text.

[AFAGE Displays previous page of the program.

FAGEW) Displays next page of the program.

a])(v] Moves up or down one line.

]« Moves right or left one character.

[ Alpha-lock for letter entry. Press
A...Z to lock lower case.

BESF Backspaces cursor and deletes
character.

DEL Deletes current character.

Starts a new line.

CLEAR Erases the entire program.

Menus for entering variable names,

contents of variables, math functions,
and program constants.

CMDS Menus for entering program
conmmands.

[BHIFT]cHARS | Displays all characters. To type one,

highlight it and press [T,

To enter several characters in a row, use
the EEI menu key while in the CHARS

menu.

Programming




Using programs

Run a program  From HOME, type RUN program name.
or
From the Program catalog, highlight the program you want to
run and press EMEL
Regardless of where you start the program, all programs run
in HOME. What you see will differ slightly 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.

Debug a If you run a program that contains errors, the program will
program stop and you will see an error message.
Sunt ax

i
J & Inualid

Edit program?

To debug the program:

1. Choose to edit the program.

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

2. Edit the program to fix the error.
Re-start the program.

4. Repeat the process until you find and correct all errors.

StOp a You can stop the execution of a program at any time by
program pressing CANCEL (the key). Note: You may have to press

it a couple of times.
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Working with programs

Copy a
program

HINT

Transmit a
program

Delete a
program

You 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. Press [SHIFTJPROGRM to open the Program catalog.
2. Press EIEEL

Type a new file name, then choose [2.

b

The Program Editor opens with a new program.

Press to open the Variable menu.

Press {7] to quickly scroll to Program.

Press [»], then highlight the program you want to copy.
Press EGAENE, then press [A.

N A

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

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 press on the sending calculator and
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. Press [SHIFT]PROGRM to open the Program catalog.
2. Highlight a program to delete, then press [DEL].

15-8
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Delete all
programs

Delete the
contents of a
program

You can delete all programs at once.

1.
2.

In the Program catalog, press CLEAR.
Press B,

You can clear the contents of a program without deleting the
program name.

1.

2
3.
4

Press [SHIFT]PROGRM to open the Program catalog,
Highlight a program, then press EEL.
Press (SHIFT]CLEAR, then press BEE4.

The contents of the program are deleted, but the program
name remains.

About customizing an aplet

You can configure an aplet and develop a set of programs to
work with the aplet.

Use the SETVIEWS command to create a custom VIEWS
menu which links specially written programs to the new aplet.

A useful method for customizing an aplet is illustrated below:

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. See “SETVIEWS” on page 15-14 for 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 users in keeping track of aplets and associated
programs, use the following naming convention when setting
up an aplet’s programs:

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.ME! 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: This aplet 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.
Select
Function ;
Function kB
EXPERIMENT |statistics Kb
I3 Inference GKB
Parametric BKE w
F sive RESET] snRT | SENL L RECC [START]
2. Create a program called Py —
EXPMEI1 with contents |7 1Bkrmins
. 10kEmaxt
as shown. This program  |=6k¥min:
BYmax:
configures the plot RUN "EXP.ANG":
ranges, then runs a m——mmi
program that allows you
to configure the angle format,
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Configuring
the Setviews
menu option
programs

Create a program called | P —
mst arti
2 Hum

EXP.ME?2 with contents
as shown. This program r’ISll:ng ﬁumer'u.:
sets the numeric view BN ERP ARIGH s
options for the aplet, and | EIETT EEREEEs
runs the program that

you can use to configure the angle mode.

Create a program called
EXP.ANG which the

WP.AMG PROGRAM

HOOSE
previous two programs "HEG#EEEI’ERSUPE“
call. "Radians"i
"Grads"s

Create a program called e ———,
. e

EXP.S which runs when PRSI E L

you start the aplet, as CHECK 1t

shown. This program

sets the angle mode to T 1 W WP (TR

degrees, and sets up the

initial function that the aplet plots.

In this section we will begin by configuring the VIEWS

menu by using the SETVIEWS command. We will then

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

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

Each entry line after the
command SETVIEWS is Ent "‘51 ¥ 3 MEHP. ”Ei "Ry
a trio that consists of a E tr g"é"EXP_NEE" Rt
VIEWS menu textline (a "} é" Exg ngs" 83 "STARTY
space indicates none), a AL -
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.

Programming
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SETVIEWS " "5 " ";18;

Sets the first menu option to be "Auto scale”.
This is the fourth standard Function aplet
view menu option and the 18 "Auto scale”,
specifies that it is to be included in the new
menu. The empty quotes will ensure that the
old name of "Auto scale” 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 EXP.MEI, then returns to view
1, Plot view.

"My Entry2/; "EXP.ME2';3;

Sets the third menu option. This option runs
the program EXP.ME2, then returns to view
3, the NUM view

” ll’. HEXP.SV Il; 0 :

This line specifies that the program to set the
View menu (this program) is transferred with
the aplet. The space character between the
first set of quotes in the trio specifies that no
menu option appears 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.

1o 1 EXP . ANG "5 0;

The program EXP.ANG is a small routine
that is called by other programs that the aplet
uses. This entry specifies that the
program.EXP.ANG is transferred when the
aplet is transferred, but the space in the first
quotes ensures that no entry appears on the
menu.

START'7; "EXP.S";7:

This specifies the Start menu option. The
program that is associated with this entry,
.EXP.S, runsautomatically when you 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.

7. Return to the program

catalog. The programs E
EXFP.5
that you created should EXP. AHG
appear as follows: Eﬁ; ﬂg?
8. 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.

9. You can now return to the APLET library and press
START to run your new aplet.
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Programming commands

This section describes the commands for programming with
HP 39G/40G. You can enter these commands in 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 a checkmark 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 entries in 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.

e 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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* Al 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.

e 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:

SETVIEWS

"Promptl" ; "ProgramNamel" ; ViewNumberl ;
"Prompt2" ; "ProgramName2" ; ViewNumber?2 :
(You can repeat as many Prompt/ProgramName/
ViewNumber trios of arguments as you like.)

Within each Prompt/ProgramName/ViewNumber trio, you
separate each item with a semi-colon.

Prompt

Prompt s 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 eniry appears in
the view menu. The program specified in the ProgramName
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 the ProgramName 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 the ViewNumber 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:

«  The first argument specifies the menu item name:

— Leave the argument empty to use the standard Views
menu name for the item, or

—  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: SETVIEWS with no arguments resets the views to
default of the base aplet.
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View numbers

The views are numbered as follows:

0 HOME 11 List Catalog

1 Plot 12 Matrix Catalog

2 Symbolic 13 Notepad Catalog

3 Numeric 14 Programs Catalog

4 Plot-Setup 15 Plot-Detail

5 Symbolic-Setup 16 Plot-Table

6 Numeric-Setup 17 Overlay Plot

7 Views 18 Auto scale

8 Note 19 Decimal

9 Sketch view 20 Integer

10 Aplet Catalog 21 Trig
UNCHECK 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 let a program make a decision based on the
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
each independently.

IF...THEN...END Executes a sequence of commands in the true—clause only if
the test—clause evaluates to true. Its syntax is:
IF test—clause

THEN true—clause END

Example
1»a :
IF A==1
THEN MSGBOX A " EQUALS 1°
END
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IF... THEN...

Executes the true-clause sequence of commands if the resr-

ELSE... END clause is true, or the false-clause sequence of commands if the
test-clause is false.
IF test—clause
THEN true-clause ELSE false-clause END
Example
1»A
IF A==1
THEN MSGROX A " EQUALS 1"
ELSE MSGBOX A " IS NOT EQUAL TO 1"
END
CASE...END Executes a series of test-clause commands that execute the
appropriate true-clause sequence of commands. Its syntax is:
CASE
IF test-clause; THEN true-clause; END
IF test-clause, THEN true-clausey END
IF test-clause, THEN true-clause, END
END
When CASE is executed, fest-clausey is evaluated. If the test
is true, true-clause is executed, and execution skips to END.
If test-clause if false, execution proceeds to fest-clause;.
Execution with the CASE structure continues until a true-
clause is executed (or until all the test-clauses evaluate to
false).
IFERR... Many conditions are automatically recognized by the HP
THEN... 39G/40G as error conditions and are automatically treated as
END... errors in programs.
IFERR..THEN...END allows a program to intercept error
conditions that otherwise would cause the program to abort.
Its syntax is:
IFERR trap-clause
THEN error-clause END
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RUN

STOP

Runs the named program. If your program name contains
special characters, such as a space, then you must enclose the
file name in 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, Ymin,
and Ymax values. The following examples assume the HP
39G/40G default settings with the Function aplet as the
current aplet.

Draws a circular arc, of given radians, whose centre is at (x,y)
The arc is drawn from start_angle_measurement, and
end_angle measurement.

ARC x;y; radius ; start_angle_measurment;
end_angle measurment:

Example

ARC0;0;2;0;360:
FREEZE:

Draws a circle centered
at (0,0) of radius 2. The
FREEZE command
causes the circle to
remain displayed on the screen until you press a key.

Draws a box with opposite corners (x/,y/) and (x2,y2).
BOX x/5ylx2;y2:
Example

BOX -1;-1;1;1:
FREEZE:

Draws a box, lower l:l
corner at (—1,-1), upper
corner at (1,1)

Clears the display

ERASE:
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FREEZE

LINE

PIXOFF

PIXON

TLINE

Halts the program, freezing the current display. Execution
resumes when any key is pressed.
Draws a line from (x/, y/) to (x2, y2).

LINE x/;ylx2;y2:

Turns off the pixel at the specified coordinates (x,y).

PIXOFF x;y:

Turns on the pixel at the specified coordinates (x,y).

PIXON Xx;y:
Toggles the pixels along the line from (x/, y/) to (x2, y2) on
and off. Any pixel that was turned off, is turned on; any pixel

that was turned on, is turned off. TLINE can be used to erase
a line.

TLINE xI;yl;x2;y2:
Example

TLINE 0;0;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
GY9—or the Page variable from Sketch—as graphicname
arguments. The position argument takes the form (x,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 graphic (graphic2) is at
(Xmin,Ymax).

You can capture the current display and store it in GO by
simultaneously pressing [ON]+{PLOT].

DISPLAY— Stores the current display in graphicname.
DISPLAY—» graphicname

—DISPLAY Displays graphic from graphicname in the display.
—DISPLAY graphicname
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—GROB

GROBNOT

GROBOR

GROBXOR

MAKEGROB

PLOT—

Example

—PLOT

Creates a graphic from expression, using font_size, and stores
the resulting graphic in graphicname. Font sizes are 1, 2, or 3.

- If the fontsize argument is 0, the HP 39G/40G creates a

graphic display like that created by the SHOW operation.
~>»GROB graphicname ; expression ; fontsize
Replaces graphic in graphicname with bitwise-inverted
graphic.
GROBNOT graphicname
Using the logical OR, superimposes graphicname2 onto

graphicnamel. The upper left corner of graphicname? is
placed at position.

GROBOR graphicnamel ; position ; graphicname2
Using the logical XOR, superimposes graphicname2 onto

graphicnamel. The upper left corner of graphicname2 is
placed at position.

GROBXOR graphicnamel ; position ; graphicname?2
Creates graphic with given width, height, and hexadecimal
data, and stores it in graphicname.

MAKEGROB graphicname;width;height;hexdata

Stores the Plot view display as a graphic in graphicname.
PLOT— graphicname

PLOT— and DISPLAY—> can be used to transfer a copy of
the current PLOT view into the sketch view of the aplet for
later use and editing.

1 »PageNum:

PLOT-sPage:

FREEZE:

This program stores the current PLOT view to the first page
in the sketch view of the current aplet and then displays the
sketch as a graphic object until any key is pressed.

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
graphicname? , starting at position . REPLACE also works
for lists and matrices.

REPLACE graphicnamel ; (position) ; graphicname2:
Extracts a portion of the named graphic (or list or matrix), and

stores it in a new variable, name. The portion is specified by
position and positions.

SUB name ; graphicname ; (position) ; (positions):
Creates a blank graphic with given widrh and height, and
stores it 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 ...Until ... Endis aloop structure that executes the loop-
clause repeatedly until fest-clause returns a true (nonzero)
result. Because the test is executed affer the loop-clause, the
loop-clause is always executed at least once. Its syntax is:

DO loop-clause UNTIL test-clause END

1 » A:

DO A + 1 » A
UNTIL A == 12
END

While .. Repeat ... Endis a loop structure that repeatedly
evaluates test-clause and executes loop-clause sequence if the
test is true. Because the test-clause is executed before the
loop-clause, the loop-clause is not executed if the test is
initially false. Its syntax is:

WHILE test-clause REPEAT loop-clause END

1» A:

WHILE A < 12
REPEAT A+l » 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;
DISP 3;A:

END

Note that the STEP parameter is optional. If it is omitted, a
step value of 1 is assumed.

Terminates loop.

BREAK

Matrix commands

ADDCOL

ADDROW

DELCOL

DELROW

EDITMAT

The matrix commands take variables MO-M9 as arguments.

Add Column. Inserts values into a column before
column_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 rows in
the matrix name.

ADDCOL name; [valuel,...value,] ; column_number
Add Row. Inserts values into a row before row_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 matrix name.

ADDROW name; [value;, . .., 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.

DELROW name ; row_number
Starts the Matrix Editor and displays the specified matrix. If

used in programming, returns to the program when user
presses [H,

EDITMAT 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 MO . . .M9). The entries will be integers
ranging from -9 to 9.

RANDMAT name ; rows ; columns

REDIM Redimensions the specified matrix or vector to size. For a
matrix, size is a list of two integers {nl,n2}. For a vector, size
is a list containing one integer {n}.
REDIM name; size
REPLACE Replaces portion of a matrix or vector stored in name with an
object starting at position start. 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 specified row_number of the specified matrix
by value.
SCALE name ; value ; rownumber
SCALEADD Multiplies the row of the matrix name by value, then adds this
result to the second specified row.
SCALEADD name ; value ; rowl ; row?2
SUB Extracts a sub-object—a portion of a list, matrix, or graphic
from object—and stores it into name. start and end 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. Exchanges columnl and column2 of the
specified matrix.
SWAPCOL name ; columnl ; column2
SWAPROW Swap Rows. Exchanges row/and row?2 in the specified
matrix.
SWAPROW name ; rowl ; row2
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Print commands

PRDISPLAY

PRHISTORY

PRVAR

These commands print to an HP infrared printer, for example
the HP 822408 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.

PRDISPLAY

Prints all objects in the history.

PRHISTORY

Prints name and contents of variablename.
PRVAR variablename

You can also use the PRVAR command to print the contents
of a program or a note.

PRVAR programname ; PROG

PRVAR notename ; NOTE

Prompt commands

BEEP

CHOOSE

You 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 is a box containing a list of
options from which the user chooses one. Each option is
numbered, 1 through . The result of the choose command is
to store the number of the option chosen in a variable. The
syntax is

CHOOSE default_option_number; title; option;; optiony;
...option,,

where default_option_number is the number of the option that
will be highlighted by default whenever the Choose Box is
displayed, rirle is the text displayed in the title bar of the
Choose Box, and option,...option,, are the options listed in the
Choose Box.
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DISP

DISPTIME

EDITMAT

Example

“COMIC STRIPS"; I STRPS R
CALYIHEHOBBES

3 » A:CHOOSE A; f l

'DILBERTY ELOND IE
ALY
" CALVIN&HOBBES" ;
"BLONDIE" ; S W [T

Displays textitem in a row of the display at the /ine_number.
A text item consists of any number of expressions and quoted
strings of text. The expressions are evaluated and turned into
strings. Lines are numbered from the top of the screen, 1 being
the top and 7 being the bottom.

DISP line_number,textitem

Example

DISP 3;"Ais" 2+2 ’

Result: A is 4 A IS 4

(displayed on line 3) |
\JEII-

Displays the current date and time.
DISPTIME

To set the date and time, simply store the correct settings in
the date and time variables. Use the following formats:
M.DDYYYY for the date and H.MMSS for the time.

Examples
5.152000 » DATE (sets the date to May 15, 2000).
10.1500 » TIME (sets the time to 10:15 am).

Matrix Editor. Opens the Matrix editor for the specified

matrix. Returns to the program when user presses
EDITMAT matrixname

The EDITMAT command can also be used to create matrices.

i. Press cmps ) (»]) (SIN) EE
2. Press M 1, and then press [ENTER].

3. The Matrix catalog opens with M1 available for editing.

EDITMAT 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

Waits for a key, then stores the keycode rc.p in name, where
is row 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 a title bar and one field. The field
has a label and a default value. There is text help at the bottom
of the form. The user enters a value and presses the FE menu
key. The value that the user enters is stored in the variable
name. The title, label, and help items are text strings and need
to be enclosed in double quotes.

Use [SHIFT]CHARS to type the quote marks " ".
INPUT name; title , label ; help ; default
Example

INPUT R; "Circular Area":
"Radius";
"Enter Number";1:
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MSGBOX

PROMPT

WAIT

Displays a message box containing rextitem. A text item
consists of any number of expressions and quoted strings of
text. The expressions are evaluated and turned into strings of
text. For example,

"AREA IS:" 2+2becomes AREA IS: 4. Use [SHIFT|CHARS
to type the quote marks " .

MSGBOX textitem :
Example

1»A:
MSGBOX "AREA IS: "m*A"2:

You can also use the NoteText variable to provide text
arguments. This can be used to insert line breaks. For

example, press [SHIFTNOTE and type AREA TS [ENTER].

The position line
MSGBOX NoteText " " W*A™2:

will display the same message box as the previous example.

Displays an input box with name as the title, and prompts for
a value for name. name can only be one character in length.

PROMPT name

Halts program execution for the specified number of seconds.

WAIT 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

SETFREQ

SETSAMPLE

Calculates STATS using datasetname and stores the results in
the corresponding variables: NX, TotZ, Mean, PVarX,
SVarZ, PSDev, SSDev, MinZ, Q1, Median, Q3, and MaxX.
Datasetname can be H1, H2, ..., or H5. Datasetname must
define at least two data points.

DO1VSTATS datasetname
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.

SETFREQ datasetname ; column

or

SETFREQ definition ; value
Defines datasetname sample according to column.
Datasetname can be H1-HS5, and column can be CO-C9,

SETSAMPLE datasetname ; column

Stat-Two commands

DO2VSTATS

SETDEPEND

SETINDEP

Calculates STATS using datasetname and stores the results in
corresponding variables: MeanX, XX, £X2, MeanY, XY,
2Y2,3XY, Corr, PCov, SCov, and RELERR. Darasetname
canbe SL, S2,..., or S5. Datasetname must define at least four
pairs of data points.

DO2VSTATS datasetname

Defines datasetname dependent column. Datasetname can be
S1, 82, ..., or 85 and column can be CO—C9.

SETDEPEND datasetname ; column

Defines datasetname independent column. Datasetname can
be $1,82,..., or S5 and column can be CO-C9.

SETINDEP 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 values in HOME and in aplets.

Aplet variables are those whose values depend on the current
aplet. The aplet variables are used in programming to emulate
the definitions and settings you make when working with
aplets interactively.

You 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 name is a list of the aplets where the
variable can be used.

Plot-view variables

Area
Function

Axes
All Aplets

Connect
Function
Parametric
Polar

Solve
Statistics

The following aplet variables control the Plot view.

Contains the last value found by the Area function in Plot-
FCN menu.
Turns axes on or off.
From Plot Setup, check (or uncheck) _ AXES.
or
In a program, type:
1 » Axes—to turn axes on (default).
0 » Axes—to turn axes off.
Draws lines between successively plotted points.
From Plot Setup, check (or uncheck) _ CONNECT.
or
In a program, type

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 a program, type

1 » Coord—to turn coordinate display on (default).
0 » Coord-—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 Detail.

or

In a program, type

1 » FastRes—for faster (default).
0 » FastRes-for more detail.

Turns the background grid in Plot view on or off. From Plot
setup, check (or uncheck) _ GRID.

or
In a program, type

1 » Gridto turn the grid on.
0 » Grid 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
ny » Hmin
n, » Hmax

where n,>n,
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Hwidth

Sets the width of histogram bars.

Statistics From Plot Setup in 1 VAR stats set a value for Hwidth
or
In a program, type
n» Hwidth
Indep Defines the value of the independent variable used in tracing
All Aplets mode.
In a program, type
n ¥ Indep
InvCross Toggles between solid crosshairs or inverted crosshairs.
All Aplets (Inverted is useful if the background is solid).
From Plot Setup, check (or uncheck) _InvCross
or
In a program, type:
1 » InvCross—to invert the crosshairs.
0 » InvCross —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) _Labels
or
In a program, type
1 »Labels-——to turn labels on.
0 »Labels—to turn labels off (default).
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Nmin / Nmax Defines the minimum and maximum independent variable
Sequence values. Appears as the NRNG fields in the Plot Setup input
form.

From Plot Setup, enter values for NRNG.
or
In a program, type

ny »Nmin

n, »Nmax

where ny>ny

Recenter Recenters at the crosshairs locations when zooming.
All Aplets From Plot-Zoom-Set Factors, check (or uncheck) __
Recenter
or

In a program, type
1 » Recenter— to turn recenter on (default).

0 » Recenter——to turn recenter off.

Root Contains the last value found by the Root function in the
Function Plot-FCN menu.

S1mark-S5mark Defines the mark to use for statistics 2-variable scatter plots.
Statistics From Plot Setup for two-variable statistics, Simark-
S5mark, then choose a mark.
or
In a program, type

n » Slmark

where n is 1,2,3,...5
SeqPlot Toggles type of sequence plot: Stairstep or Cobweb.
Sequence From Plot Setup, select SegPlot, then choose Stairstep
or Cobweb.
or

In a program, type
1 » SegPlot—for stairstep.

2 » SeqgPlot-—for cobweb.
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Simult

Toggles between simultaneous and sequential graphing of all

Function selected expressions.
Paramelric From Plot Setup, check (or uncheck) _SIMULT
Polar
Sequence or
In a program, type
1 » Simult—for simultaneous graphing.
0 » Simult—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, select StatPlot, then choose
Histogramor BoxWhisker.
or
In a program, type
1» StatPlot—for Histogram.
2 » StatPlot—for BoxWhisker.
Umin/Umax Defines the minimum and maximum independent values.
Polar Appears as the URNG field in the Plot Setup input form.
From the Plot Setup input form, enter values for URNG.
or
In a program, type
ny» Umin
n, » Umax
where 1, > 1y
Ustep Defines the step size for an independent variable.
Polar From the Plot Setup input form, enter values for USTEP.
or
In a program, type
ny Ustep
where n>0
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Tmin / Tmax Defines the minimum and maximum independent variable
Parametric values. Appears as the TRNG field in the Plot Setup input
form.

From Plot Setup, enter values for TRNG.
or

In a program, type

n; » Tmin

n, » Tmax

where Ry > 1y

Tracing Turns tracing mode on or off in Plot view.
All Aplets
In a program, type

1 » Tracing—to turn Tracing mode on (default).
0 » Tracing—to turn Tracing mode off.

Tstep Defines the step size for an independent variable.
Parametric From the Plot Setup input form, enter values for TSTEP.
or
In a program, type

n > Tstep

where n >0
Xcross Defines the horizontal coordinate of crosshairs. Only works
All Aplets with TRACE off.
In a program, type

nr Xcross

Ycross Defines the vertical coordinate of crosshairs. Only works with
All Aplets TRACE off.

In a program, type

nr» 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 a value for Xtick.
or
In a program, type

ny» Xtick where n>0

Defines the distance between tick marks for the vertical axis.
From the Plot Setup input form, enter a value for Ytick.
or
In a program, type
n» Ytick where n>0
Defines the minimum and maximum horizontal values of the

plot screen. Appears as the XRNG fields (horizontal range) in
the Plot Setup input form.

From Plot Setup, enter values for XRNG.
or
In a program, type

n;» Xmin

n, » Xmax

where n,>n,

Defines the minimum and maximum vertical values of the
plot screen. Appears as the YRNG fields (vertical range) in the
Plot Setup input form.

From Plot Setup, enter the values for YRNG.
or
In a program, type

> Ymin

ny > 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 XZ0OM.
or
In a program, type
n » XZOOM
where n>0
Sets the vertical zoom factor.
From Plot-ZOOM-Set Factors, enter the value for YZOOM.

or
In a program, 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 Symbolic Setup, choose Degrees, Radians, or
Grads for angle measure,

or
In a program, type

1 » Angle —for Degrees.
2 » Angle —for Radians.

3 » Angle—for Grads.

Can contain any expression. Independent variable is X.
Example
'SIN(X) ' » FL(X)

In the above example, you must put single quotes around the
expression to keep it from being evaluated before it is stored.
Use [SHIFT]JCHARS to type the single quote mark.

Programming
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X1, ¥1...X9,Y9
X0,Y0

Parametric

Can contain any expression. Independent variable is T.
Example

TSIN(4A*T)’ » YI(T):’2*SIN(6*T)’ STO»
X1(T)

R1...R9, RO Can contain any expression. Independent variable is 8.
Polar Example
'2*3IN(2*%6) " » R1(0)
U1...U9, U0 Can contain any expression. Independent variable is N.
Sequence Example
RECURSE (U,U(N-1)*N,1,2) » UL(N)
E1...E9, EO Can contain any equation or expression. [ndependent variable
Solve is selected by highlighting it in Numeric View.,
Example
(X+Y*X-2=Y' » El
S1fit...S5fit Defines the type of fit to be used by the FIT operation in
Statistics drawing the regression line.
From Symbolic Setup view, specify the fit in the field for
SIFIT, S2FIT, etc.
or
In a program, store one of the following constant names or
numbers into a variable S1fit, S2fit,etc.
1. Linear
2. LogFit
3. ExpFit
4. Power
5. QuadFit
6. Cubic
7. Logist
8. User defined
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 data in the Numeric view
or
In a program, type
LIST»Cn

wheren=0, 1, 2, 3 ... 9

Number of decimal places to use for Number format.

From Solve’s Numeric Setup view, enter a value in the second
field of Number Format.

or

In a program, type
ne» Digits
where O <n< 11

Exceptin Solve,the value of Digits takes effect only after
the current aplet is saved with a new name. Until then,
HDigit is in effect.

Programming
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Format
All Aplets

NumCol

All Aplets except
Statistics aplet

Defines the number display format.

From Solve’s Numeric Setup view, choose Standard,
Fixed, Scientific, or Engineering in the Number
Format field.

or

In a program, store the constant name (or its number) into the
variable Format.

1. Standard

2. Fixed

3. Scientific

4. Engineering

Note: Fraction is not a valid mode in aplets.

Except in Solve, the value of Format takes effect only after the
current aplet is saved with a new name. Until then, HFormat
is in effect.

Example
Scientific » Format
or

3 » Format

Defines the highlighted column in Numeric view.
In a program, type
n » NumCol

where ncanbe 0, 1,2,3,4,5,6,7,8,9.

NumFont Toggles the font size in Numeric view. Does not appear in the
Function Num Setup input form. Corresponds to the BIG key in
Parametric Numeric view.
Polar In a program, type
Sequence
Statistics 0 » NumFont for S{nall (default).
1 » NumFont for big.

Numindep List of independent values used by Build Your Own Table.
Function

. In a program, type
Parametric
Polar LIST » NumIndep
Sequence
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NumRow
All Aplets except
Statistics aplet

NumStart
Function
Parametric
Polar
Sequence

NumStep
FPunction
Parametric
Polar
Sequence

NumType
Function
Parametric
Polar
Sequence

NumZoom
Function
Parametric
Polar
Sequence

Defines the highlighted row in Numeric view.
In a program, type
n » NumRow

where n>0

Defines the starting value for a table in Numeric view.
From Num Setup, enter a value for NUMSTART.

or

In a program, type

n b NumStart

Defines the step size (increment value) for an independent
variable in Numeric view.

From Num Setup, enter a value for NUMSTEP.
or
In a program, type
npr NumStep
where n>0
Choose a table format.

From Num Setup, choose Automatic or Build Your
Owr.

or
In a program, type

0 » NumType for Build Your Own.
1 » NumType for Automatic (default).

Defines the Zoom factor in the Numeric view.
From Num Setup, type in a value for NUMZOOM.
or

In a program, type

n b NumZoom
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 the E8TIHT and EEEIET menu keys in Numeric
View.

In a program, store the constant name (or its number) into the
variable StatMode. 1VAR=1, 2VAR=2.

Example
1VAR » StatMode
or

1 » StatMode

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 a page 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 FXETED and ETE=4 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 when [SHIFT}SKETCH
is pressed.

n » PageNum
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Extending aplets

Aplets are the application environments where you explore
different classes of mathematical operations.

You 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. Sce 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.

Extending aplets
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Aplet Keys

Key Meaning
Saves the highlighted aplet with a name.
BEEZET

Resets the default values and settings in
the highlighted aplet. This erases any
stored data or functions.

Alphabetically or chronologically sorts
the items in the Aplet Library menu list.

HIH Transmits the highlighted aplet to
another HP 39G/40G or a storage
device.

Receives the aplet sent from another

(receive) HP 39G/40G or storage device.

Opens the selected aplet.

(or (ERTER))

Example: To create A simple example of a customized aplet is the TRIANGLES

a new aplet from an aplet. This aplet is a copy of the Solve aplet containing the

existing Solve aplet  formulas commonly used in calculations involving
right—angled triangles.

1. In APLET, highlight Solve and SAVE it under the new

name.
Select Solve
ZAVE]
TR I L ES HEH HArE: PR
ENTER
TRIANGLES#
[ daaZalAHILE O
2. Enter the four formulas
8 B TRIANGLES SYMEOLIC YIE $EHE
Bl (ALPRA] O E1:SIN¢A»=0-H
_ EZ:CO8¢8 =A-H
= H E3: TANCAY=0-A
Cos) (APA) 0 (B e e —
A5 T R P T T
H [INTER)
TAN) [ALPHA} 6 D) B
[ALPHA] O (3] [ALPHA] A [ENTER]
A B
B [ALpHA] C [X2] {ENTER]
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Example: To use
the customized
aplet

3. Decide whether you want the aplet to operate in Degrees,

Radians, or Grads.
MODES

Select Degrees

CHOOSE ANGLE MEASURE
Lo ] NG

Ensure the TRIANGLES aplet is saved in the Aplet
Library.

APLET LIBRARY BRSEERTRS
TRIAMGLES L EEE

Parametric

The Solve aplet can now ;
Funct ion
be reset and used for other |Interential.

roblems. Polar
p em [ZHVE [RES

To use the aplet, simply select the appropriate formula,
change to the Numeric view and solve for the missing
variable.

Find the length of a ladder leaning against a vertical wall if it
forms an angle of 35° with the horizontal and extends 5 metres

up the wall.

1. Select the aplet. U TRIANGLES SYMEBOLIC VIEW S0

E1:SIN(AI=0-H

Select E2: COS¢H =AM

S TAMCE 2=0

TRIANGLES S pange20A
ot .
LEDIT [WiHK] = f - [SHOM]EVAL ]
2. Choose the sine formula in S TRmMGLES STREILIE VIEH

W E1:SINCRY=0-H
E2:COSCR =A-H

_— ES: TAN(E )=0-R
(&) (a) (@] (a] E4:R2+B2=CE

ES: L
LEDIT [/ CHRL = | o |ZHOW] EVHL.
3. Change to the Numeric 5 TRIANGLES NUMERIC VIEW 30000
view and enter the known | 25
values. W [ ]
NUM EMTER WALUE OF PRESS SOLVE
35 [ENTER BEMT LINFD | o] o JOEFN [20LYE]
5 [ENTER
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4. Solve for the missing
value.

WIEW %@%t
|

: EEHTER WALUE DR PREZS ZOLVE
The length of the ladder is | g T mmm - s
approximately 8.72 metres

Resetting an aplet

Resetting an aplet clears all data and resets all default settings.

To reset an aplet, open the Library, select the aplet and press
EESETA

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 ([SHIFT}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

16-4
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Sending and receiving aplets

A convenient way to distribute or share problems in class and
to turn in homework is to transmit (copy) aplets directly from
one HP 39G to another. This takes place via the infrared port.

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

—  You have two options: another HP 39G or a disk
drive on a PC. Highlight your selection and press EE.

~ If ransmitting 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
RECU

— You have two options: another HP 39G or a disk
drive (or computer). Highlight your selection and
press HR

The Transmit annunciator—s—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

To sort the
aplet list

To delete an
aplet

Once you have entered information into an aplet, you have
defined a new 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.

In the aplet library, press EfIEE. Select the sorting scheme and

press (ENTER].

e Chronologically produces a chronological order
based on the date an aplet was last used. (The last-used
aplet appears first, and so on.)

* Alphabetically produces an alphabetical order by
aplet name.

You cannot delete a built-in aplet. You can only clear its data
and reset its default settings.

To delete a customized aplet, open the aplet library, highlight
the aplet to be deleted, andess [DEL]. To delete all custom
aplets, press 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 calculator complies with regulations in
certain regions. Any modifications to the calculator 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 the limits for 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 a residential installation.

However, there is no guarantee that interference will not occur
in a particular instailation. In the unlikely event that there is
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 the interference by one or more of
the following measures:

» Reorient or relocate the receiving antenna.
* Relocate the calculator, with respect to the receiver.

To maintain compliance with FCC Rules and Regulations, use
only the cable accessories provided.

This Class B digital apparatus complies with Canadian EMC
Class B requirements.

Cet appareil numérique de la classe B est comforme 2 la classe
B des normes canadiennes de compatibilité
électromagnétiques (CEM).
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LED safety

The infrared port located on the top of the calculator is
classified as a Class 1 LED (light emitting diode) device
according to International Standard IEC 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 is invisible light and cannot be seen.

« Do not attempt to view the infrared LED beam with any
type of optical device.

CLASS | LED PRODUCT

LEDSCHUTZKLASSE | PRODUKT

Warranty

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.

2. 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, due to defects in
material and workmanship when properly installed and
used. If HP receives notice of such defects during the
warranty period, HP will replace software media which
does not execute its programming instructions due to
such defects.
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HP does not warrant that the operation of HP products
will be uninterrupted or error free. If HP is unable, within
a reasonable time, to repair or replace any product to a
condition as warranted, you will be entitled to a refund 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, (¢) 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 EXPRESS WARRANTY 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. This warranty gives
you specific legal rights and you might also have other
rights that vary from country to country, state to state, or
province to province.

TO THE EXTENT ALLOWED BY LOCAL LAW, THE
REMEDIES IN THIS WARRANTY STATEMENT ARE
YOUR SOLE AND EXCLUSIVE REMEDIES.
EXCEPT AS INDICATED ABOVE, IN NO EVENT
WILL HP OR ITS SUPPLIERS BE 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 allow 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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CAS

8.

FOR CONSUMER TRANSACTIONS IN 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.

The HP 40G is packaged with a computerized algebra system
(CAS). 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 does not clear stored data
(variables, aplet databases, programs) unless you use the
procedure below, “To erase all memory and reset defaults”.

To reset using
the keyboard

Press and hold the key and the third menu key
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.

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.

Press [ON]. If necessary, press and the first and last
ment keys simultaneously.

R4
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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 everyvthing you have stored. All
factory-default settings are restored.

1.

Press and hold the key, the first menu key, and the
last menu key simultaneously.

Release all 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. You may find that the calculator
turns on before you have completed the procedure. If the
calculator still does not turn on, please contact Customer
Support for further information.

1.
2.

Press and hold the key for 10 seconds.

Press and hold the key and the third menu key
simultaneously. Release the third menu key, then release

the key.

Press and 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.

Locate the small hole in the back of the calculator. 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. Press the key.

Remove the batteries (see “Batteries” on page R-7), press
and hold the key for 10 seconds, and then put the
batteries back in. Press the [ON] key.

Reference information
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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 is reusable (like a
program, but easier to use) and it records
all your settings and definitions.

An operation for use in programs.
Commands can store results in
variables, but do not display results.
Arguments are separated by semi-
colons, such as DISP expression ; line#.

A number, variable, or algebraic
expression (numbers plus functions)
that produces a value.

An operation, possibly with arguments,
that returns a result. It does not store
results in variables. The arguments must
be enclosed in parentheses and
separated with commas (or periods in
Comma mode), such as
CROSS(matrix] 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
(periods if the Decimal Mark is Comma)
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 catalog.

A two-dimensional array of values
separated by commas (periods if 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

menu keys

note
program
sketch

variable

vector

views

Operating details

A choice of options given in the display.
It can appear as a list or as a set of menu-
key labels across the bottom of the
display.

The top row of keys. Their operations
depend on the current context. The
labels along the bottom of the display
show the current meanings.

Text that you write in the Notepad or in
the Note view for a specific aplet.

A reusable set of instructions that you
record using the Program editor.

A drawing that you make in the Sketch
view for a specific aplet.

The name of a number, list, matrix, note,
or graphic that is stored in memory. Use
EZE(3 to store and use to retrieve.

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.

The possible contexts for an aplet: Plot,
Plot Setup, Numeric, Numeric Setup,
Symbolic, Symbolic Setup, Sketch,
Note, and special views like split
screens.

Operating temperature: 0° to 45°C (32° to 113°F).
Storage temperature: —20° to 65°C (—4° to 149°F).

Operating and storage humidity: 90% relative humidity at
40°C (104°F) maximum. Avoid getting the calculator wet.

Battery operates at 4.5V dc, 60mA maximum.

Batteries

When battery power is low, the ((#)) annunciator stays on,
even when the calculator is off. There is also a warning

Reference information
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CAUTION

The Netherlands

message that appears when the calculator is on:
Warning: Low Bat.

The HP 39G/40G uses three AAA batteries. Be sure all three
are of the same brand and type. Rechargeable batteries are nor
recommended because of their lower capacity and more
sudden demise.

To replace batteries:

1. Turn the calculator off and place the slide cover over the
keyboard to prevent keys from being pressed.

Your calculator can lose memory if it is turned 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.

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..29, 20

R-8
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Category

Available name (Continued)

Graphic

Library

List
Matrix

Modes

Notepad

Program

Real

G1..G9, GO

Function
Parametric
Polar
Sequence
Solve
Statistics
User-named

L1..L9, LO
MI1..M9, MO

Ans
Date
HAngle
HDigits
HFormat
Terr
Time

User-named

Editline
User-named

A...Z, ©

Function aplet variables

The function aplet variables are:

Category Available name

Plot Axes Xcross
Connect Ycross
Coord Xtick
FastRes Ytick
Grid Xmin
Indep Xmax
InvCross Ymin
Labels Ymax
Recenter Xzoom
Simult Yxoom
Tracing

Reference information
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Parametric aplet variables

Category Available name (Continued)

Plot-FCN Area Root
Extremum Slope
Isect

Symbolic Angle F6
F1 F7
F2 F8
73 F9
F4 FO
F5

Numeric Digits NumRow
Format NumStart
NumCol NumStep
NumFont NumType
NumIndep NumZoom

Note NoteText

Sketch Page PageNum

The parametric aplet variables are:

Category Available name

Plot Axes Tracing
Connect Tstep
Coord Xcross
Grid Ycross
Indep Xtick
InvCross Ytick
Labels Xmin
Recenter Xmax
Simult Ymin
Tmin Ymax
Tmax Xzoom

Yzoom

Reference information
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Category Available name (Continued)
Symbeolic Angle Y5
X1 X6
Y1 Y6
X2 X7
Y2 Y7
X3 X8
Y3 Y8
X4 X9
Y4 Y9
X5 X0
YO0
Numeric Digits NumRow
Format NumStart
NumCol NumStep
NumFont NumTvpe
NumIndep NumzZoom
Note NoteText
Sketch Page PageNum
| * g g ]
Polar aplet variables
The polar aplet variables are:
Category Available names N
Axes
Connect Xcross
Cooxd Ycross
Grid Xtick
Indep Ytick
InvCross Xmin
Labels Xmax
Recenter Ymin
Simult Ymax
Umin Xzoom
Umax Yxoom
Ostep
Tracing
Symbolic Angle R6
R1 R7
R2 R8
R3 R9
R4 RO
R5
Reference information R-11



Category Available names (Continued)

Numeric Digits NumRow
Format NumStart
NurmCol NumStep
NumFont NumType
NumIndep NumZoom

Note NoteText

Sketch Page PageNum J

Sequence aplet variables

The sequence aplet variables are:

Category Available name

Plot Axes Tracing
Coord Xcross
Grid Ycross
Indep Xtick
InvCross Ytick
Labels Xmin
Nmin Xmax
Nmax Ymin
Recenter Ymax
SegPlot Xzoom
Simult Yzoom

Symbolic Angle ué
Ul u7
uz2 U8
U3 U9
joy: Uo
Us

Numeric Digits NumRow
Format NumStart
NumCol NumStep
NumFont NumType
NumIndep NumZoom

Note NoteText

Sketch Page PageNum
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Solve aplet variables

The solve aplet variables are:

Category Available name

Plot Axes Xcross
Connect Ycross
Coord Xtick
FastRes Ytick
Grid Xmin
Indep Xmax
InvCross Ymin
Labels Ymax
Recenter Xzoom
Tracing Yxoom

Symbolic Angle E6
El E7
E2 E8
E3 E9
E4 EO
E5

Numeric Digits NumCol
Format NumRow

Note NoteText

Sketch Page PageNum

Reference information
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Statistics aplet variables

The statistics aplet variables are:

Category Available name

Plot Axes Sdmark
Connect SSmark
Coord StatPlot
Grid Tracing
Hmin Xcross
Hmax Ycross
Hwidth Xtick
Indep Ytick
InvCross Xmin
Labels Xmax
Recenter Ymin
Slmark Ymax
S2mark Xzoom
S3mark Yxoom

Symbolic Angle S3fit
slfit S4fit
S2fit S5fit

Numeric co,...C9o NumFont
Digits NumRow
Format StatMode
NumCol

Stat-One Max® Q3
MeanX PSDev
Median SShev
MinZ PVarX
NZ Svarx
Q1 TotZ

Stat-Two Corr X
Cov X2
Fit XY
MeanX Y
MeanV Y2
RelErr

Note NoteText

Sketch Page PageNum

R-14 Reference information



Menu maps of the MATH menu

Math functions

The math functions are:

Category

Available name

Calculus

Complex

Constant

Hyperb.

List

Loop

Matrix

3
f
TAYLOR

ARG
CONJ

ACOSH
ASTNH
ATANH
COSH
SINH

CONCAT
ALIST
MAKELIST
nLIST
POS

ITERATE
RECURSE
z

COLNORM
COND
CROSS
DET

bor
EIGENVAL
EIGENVV
IDENMAT
INVERSE
LQ

LsQ

LU
MAKEMAT

IM
RE

MAXREAL
MINREAL
T

TANH
ALOG
EXP
EXPM1
LNP1

REVERSE
SIZE
ZLIST
SORT

QR

RANK
ROWNORM
RREF
SCHUR
SIZE
SPECNORM
SPECRAD
SVD

SVL
TRACE
TRN
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Category Available name (Continued)
PMynom. POLYCOEF POLYFORM
POLYEVAL POLYROOT
Prob. COMB UTPC
! UTPF
PERM UTPN
RANDOM UTPT
Real CEILING MIN
DEG—RAD MOD
FLOOR %
FNROOT SCHANGE
FRAC $TOTAL
HMS— RAD—DEG
—HMS ROUND
INT SIGN
MANT TRUNCATE
MAX XPON
Stat-Two PREDX
PREDY
Symbolic = QUAD
ISOLATE QUOTE
LINEAR? !
Tests < AND
IFTE
< NOT
XOR
%>
>
>
Trig ACOT CoT
ACSC csC
ASEC SEC

Reference information



Program constants

The program constants are:

Category

Available name

Angle

Format

SeqPlot

S1..5fit

StatMode

StatPlot

Degrees
Grads
Radians

Standard
Fixed

Cobweb
Stairstep

Linear
LogFit
ExpFit
Power

StatlvVar
Stat2Var

Hist
BoxW

Sci
Eng
Fraction

QuadFit
Cubic
Logist
User

Reference information



Program commands

The program commands are:

Category Command
Aplet CHECK
SELECT
SETVIEWS
UNCHECK
Branch IF CASE
THEN IFERR
ELSE RUN
END STOP
Drawing ARC LINE
BOX PIXOFF
ERASE PIXON
FREEZE TLINE
Graphic DISPLAYR MAKEGROB
RDISPLAY PLOTR
RGROB RPLOT
GROBNOT REPLACE
GROBOR SUB
GROBXOR ZEROGROB
Loop FOR UNTIL
= END
TO WHILE
STEP REPEAT
END END
DO BREAK
Matrix ADDCOL REDIM
ADDROW REPLACE
DELCOL SCALE
DELROW SCALEADD
EDITMAT SUB
RANDMAT SWAPCOL
SWAPROW
Print PRDISPLAY
PRHISTORY
PRVAR
Prompt BEEP GETKEY
CHOOSE INPUT
DISP MSGBOX
DISPTIME PROMPT
EDITMAT WAIT
FREEZE
Stat-One DOLVSTATS SETFREQ
RANDSEED SETSAMPLE
Stat-Two DO2VSTATS
SETDEPEND
SETINDEP

Reference information




Selected status messages

The status messages are:

Message

Meaning

Bad Argument Type

Bad Argument
Value

Infinite Result

Insufficient
Memory

Insufficient
Statistics Data

Invalid Dimension
Invalid Statistics
Data

Invalid Syntax

Name Conflict

No Equations
Checked

Incorrect input for this operation.

The value is out of range for this
operation.

Math exception, such as 1/0.

You must recover some memory
to continue operation. Delete one
or more matrices, lists, notes, or
programs (using catalogs), or
custom (not built-in) aplets (using

[SHIFT)MEMORY).

Not enough data points for the
calculation. For two-variable
statistics there must be two
columns of 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
to assign a value to the variable of
integration or summation index.

You must enter and check an
equation (Symbolic view) before
evaluating this function.

Reference information
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Message Meaning (Continued)

(OFF SCREEN) Function value, root, extremum,
or intersection is not visible in 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 has a
mathematically undefined result
(such as 0/0).

Out of Memory You must recover a lot of

memory to continue operation.
Delete one or more matrices, lists,
notes, or programs (using
catalogs), or custom (not built-in)

aplets (using [SHIFT)MEMORY).
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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 statistics 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
Note view 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 operations in 1-1
changing 1-17
note 1-16
Numeric view 1-15
Plot view 1-15
sketch 1-17
split-screen 1-16
Symbolic 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
a note to an aplet 14-1
a sketch 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...ELSE 15-18
RUN 15-19
STOP 15-19
branch structures 15-17
build your own table 2-19

Index



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
comma mode

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
confidence intervals 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

notes in Notepad 14-6

programs 15-4

sketches 14-3
critical value(s) displayed 9-4
cross product

vector 12-10
curve fitting 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




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 a line in Sketch view 15-20
erTor messages

bad guesses 7-7

constant? 7-7
exclusive OR 10-21
executing programs 15-7
exiting views 1-17
exponent

minus 1 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
acurve to 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 data in 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
calculating in 1-18
display 1-2
evaluating expressions 2-3
reusing lines 1-21
home variables 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
EXPMI1 10-10
LNPI1 10-10
SINH 10-9
TANH 10-9
hypothesis
alternative 9-3
inference tests 9-9
null 9-3
tests 9-3

l
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 aplets in 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 elements in 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 element in 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
less than 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 I= 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 numbers in 1-18
matrices
adding rows 15-23
addition and subtraction 12-6
arguments 12-10
arithmetic operations in 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

Index



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

EIGENVYV 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

maximum real number 1-20, 10-9
memory R-19
clearing all 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
catalog keys 14-7
creating notes 14-6
writing in 14-6
narng 2-5
nth root 10-6
null hypothesis 9-3

SVD 12-12
SVL 12-12 number.form'at
TRACE 12-13 engineering 1-10
TRN 12-13 fixed 1-10
fraction 1-10
index -



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

0

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
n 10-9
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
Ycross 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 data in 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
sequence 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
S1mark-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
Ycross 15-36
polynomial
coefficients 10-12
evaluation 10-12
form 10-12
roots 10-12
Taylor 10-7
polynomial functions
POLYCOEF 10-12
POLYEVAL 10-12
POLYFORM 10-12
POLYROOT 10-12
position argument 15-20
power (x raised to y) 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
110-13
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

6<AedovAT dOVT TOPO>GTET 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
FNROOT 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
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TRUNCATE 10-18 S

XPON 10-18 ’ .
recaleulation for table 2-19 S1mark-S5mark variables 15-33

e 1
receive error R-20 e larziomatic 2-14
receiving decimal 2-9, 2-10, 2-14
aplet 16-5 integer 2-11, 2-14, 2-16
lists 13-6 options 2-14
matrices 12-4 resetting 2-14
programs 15-8 trigonometric 2-14
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Service and Support

Visit the Hewlett-Packard calculators Service and Support web site at:
http://www.hp.com/calculators
or call one of the following numbers:

Argentina: +54 1778 8380
Australia: +61 3 8877 8000
Brazil: +55 (0)11 829 6612
Canada: +1 970 3921001
Chile: 800-360999

Mexico: +52 01 800 472 6684
Singapore: 1800 271 3337
South Africa: +27 11 652 8222
Turkey: +420 5 41422519
UK: +44 (0) 171 458 0161
USA: +1 970 3921001
Venezuela: 800 47777

Australian Calculator Operation
351 Burwood Highway

Forest Hill, 3131

Victoria, Australia
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HP 39G

Algebraic Graphing Calculator

HEWLETT®
PACKARD

(D

For Students Studying Math and Science

The easy-to-use calculator for
math students |

The HP 39G is a powerful high-end graphing calculator,
made easy to use for math teachers and students.

The HP 39G has a large graphic display that lets

you see more of your work. It has easy-to-read keys and
menus that are grouped for fast access. With all

this and over 200 functions available at the touch of a
button, the HP 39G lets you spend less time réading

manuals and more time learning.

What is an E-lesson (Aplet)?

E-lessons are adapted from topics in textbooks, then
neatly packaged to help you learn math and science.
They can teach you new math concepts as you explore
at your own pace, trying different things, experimenting!

E-lessons are so easy you can even create your own!

Easy to learn and use

- Access all the HP 39G's functions through easy-to-read

menus. No more keystroke memorization.

Enter data in simple, algebraic notation that looks and
works just like equations written on paper.

See notes, sketches, equations, formulas and graphs. With
256KB of built-in memory, it's amazingly powerful.

You can even see two displays side-by-side for
comparisons!

Send data, equations, notes and even E-lessons to friends
and classmates. With the built-in infrared port, you won't

need wires or cables.

C€ M

Please recycle.
@ @ Inks used on this package will not
interfere with package recycling.

(1P} Product FI906A

(30P) Option ABA

Features:

- Inferential statistics
« Graphic, symbolic, numeric views

- Interactive history of calculations

" = 10 matrices, their size limited only by available memory

- Program storage, limited only by available memory
- Notes and sketches

- HP Equation Solver

- Impact-resistant sliding hard cover

- Support for overhead display unit

This package includes:

- A HP 39G Algebraic Graphing Calculator -

= A hard, slide-on cover for screen and key protection.
- 3x AAA Batteries

- A User's Guide

= A Quick Start Guide

HP quality and support

Hewlett-Packard specializes in high quality pr,oaucts and first
class support. Limited warranty is available, and technical
supportis just a phone call away. Further information is available
at our website:

http://www.hp.com/calculators

Actual size: 187 x 8.9 x 2.8 cm
(74 x35x1tin)

Complies with Canadian EMC Class B requirements.

Conforme a la ¢lasse B des normes canadiennes de compatibilité .
électromagnétigues {CEM).

This device complies with part 15 of the FCC Rules. Operation is
subject to the following two conditions: {1) This device may not
cause harmful interference, and (2) This device must accept any
interference received, including interference that may cause
undesired operation.

Hewlett-Packard

Palo Alto, CA, USA 94304

Calculator made in China

All other foreign items as marked thereon
©Hewlett-Packard Company® 2000.

Proof of Purchase
FI906A ABA
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- Manual p/n (ABA/ABB) F1906-90001



