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Preface

The HP 40gs is a feature-rich graphing calculator. It is
also a powerful mathematics learning tool, with a built-in
computer algebra system (CAS). The HP 40gs is designed
so that you can use it to explore mathematical functions
and their properties.

You can get more information on the HP 40gs 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:

http://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:

(SIN], (COs]. [HOME], efc.

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

follows:

CLEAR, (SHIFT)MODES, (SHIFT]ACOS, efc.

+  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:

» ETHES, HE-

+ 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

2*X“-3X+5

P-1
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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 merchantability
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.

© Copyright 1994-1995, 19992000, 2003, 2006
Hewlett-Packard Development Company, L.P.

The programs that control your HP 40gs are copyrighted
and all rights are reserved. Reproduction, adaptation, or
translation of those programs without prior written
permission from Hewlett-Packard Company is also
prohibited.
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Getting started

On/off, cancel operations

To turn on Press to turn on the calculator.
To cancel When the calculator is on, the [ON] key cancels the

current operation.

To turn off 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 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 . All mathematical functions are
available in the HOME. The name of the current aplet is
displayed in the title of the home view.

Protective cover The calculator is provided with a slide cover to protect the
display and keyboard. Remove the cover by grasping
both sides of it and pulling down.

You can reverse the slide cover and slide it onto the back
of the calculator. this will help prevent you losing the
cover while you are using the calculator.

To prolong the life of the calculator, always place the
cover over the display and keyboard when you are not
using the calculator.

Getting started 1-1
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The display

To adjust the
contrast

To clear the display

Parts of the
display

Simultaneously press and (5] (or (-]) to increase (or

decrease) the contrast.

e Press cANCEL to clear the edit line.

* Press CLEAR to clear the edit line and the
display history.

History {

Edit line _E@E;H_-_ﬁ— Menu key

labels

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 " 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 ¥ and a symbols indicate whether there is more
history in the HOME display. Press the (Y] and (a] to
scroll in the HOME display.

Getting started
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Annunciators. Annunciators are symbols that appear
above the title bar and give you important status

information.
Annunciator Description
P\ ) Shift in effect for next keystroke.
To cancel, press again.
a Alpha in effect for next keystroke.
To cancel, press again.
((+)) Low battery power.
b4 Busy.
S Data is being transferred.
The keyboard
e\
s Cotne (O
Menu Key
Labels — e
MenuKeys — | (3 (O O OO0
Aplet Control _D g Cursor
Keys Keys
CHARS _ CMDS I
Alpha Key ——
Shift Key ——
_ Enter
Key
Getting started 1-3
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Menu keys
+  On the calculator keyboard, the top row of keys are
called menu keys. Their meanings depend on the
context—that's why they are blank. The menu keys
are sometimes called “soft keys”.

+  The bottom line of the display shows the labels for the
menu keys’ current meanings.

Aplet control keys
The aplet control keys are:

Key Meaning
Displays the Symbolic view for the

(SYmB]

(i) current aplet. See “Symbolic view”
on page 1-16.

Displays the Plot view for the current
aplet. See “Plot view” on page 1-16.

NOm Displays the Numeric view for the
current aplet. See “Numeric view” on
page 1-17.

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

Displays the Aplet Library menu. See
“Aplet library” on page 1-16.

VIEWS Displays the VIEWS menu. See
“Aplet views” on page 1-16.

% 1-4 Getting started £
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Entry/Edit keys

The entry and edit keys are:

2

Y

Meaning

(ON)(CANCEL)

SHIFT
HOME

ALPHA

X,T,0

DEL

SHIFT | CLEAR

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,
acts like “=". When @2 or ELiE:

is present as a menu key,
acts the same as pressing g or
ZTAET

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, 0, 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
seftings screen, for example Plot

Setup, CLEAR returns all

settings to their default values.

Moves the cursor around the

display. Press firstto move to
the beginning, end, top or bottom.

Getting started
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Key Meaning (Continued)

CHARS Displays a menu of all available
characters. To type one, use the
arrow keys to highlight it, and press
. To select multiple characters,
select each and press E=E, then
press .

Shifted keystrokes
There are two shift keys that you use to access the
operations and characters printed above the keys:

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 labeled 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
MODES."”

To cancel a shift, press again.
The alphabetic keys are also shifted

keystrokes. For instance, to type Z,

press 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
-

For a string of letters, hold down

while typing.

1-6 Getting started
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HELPWITH

Example

Math keys

The HP 40gs built-in help is available in HOME only. It
provides syntax help for builtin math functions.

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

EET

P E |

HELPWITH 24
[ [ [ [ [ [Ok]

FUNCTION

Press SYNTAX

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

Note: In the CAS system, pressing the SYNTAX
will show the CAS help menu.

HOME ((HOME] ) is the place to do non-symbolic
calculations. (For symbolic calculations, use the computer
algebra system, referred throughout this manual as CAS).

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: /256
displays 16.

MATH menu. Press 5
to open the MATH EEYEEEA|CE L THC

H DEG+RAD
menu. The MATH menu is o HIZtatb-juo [DEEAR
comprehensive list of math ¥[FHROOT _ v

functions that do not appear EEOETH

on 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 ((«, [>]).

e Press @ to insert the selected command onto the
edit line.

e Press to dismiss the MATH menu without
selecting a command.

Getting started
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Program
commands

Inactive keys

HINT

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

+  Pressing LA displays a menu of physical
constants from the fields of chemistry, physics,
and quantum mechanics. You can use these
constants in calculations. (pSee “Physical
constants” on page 13-25 for more information.)

«  Pressing [gEET takes you to the beginning of the
MATH menu.

See “Math functions by category” on page 13-2 for
details of the math functions.

When using the MATH menu, or any menu on the

HP 40gs, pressing an alpha key takes you straight to the
first menu option beginning with that alpha character.
With this method, you do not need fo press first.
Just press the key that corresponds to the command’s
beginning alpha character.

Note that when the MATH menu is open, you can also
access CAS commands. You do this by pressing .
This enables you to use CAS commands on the HOME
screen, without opening CAS. See Chapter 14 for details
of CAS commands.

Pressing cumps displays the list of Program
Commands. See “Programming commands” on

page 21-13.

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

Menus
A menu offers you a choice
of items. Menus are
displayed in one or two
columns.
+ The [v] arrow in the
display means more l CEILING
. H|St at —Twa #
items below. Sumbolic |FLOOR =
r|Test= v|FHREOOT  w|7
+ The(a) arrow in the COELE .
display means more items above.
1-8 Getting started
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To search a menu + Press (] or (4] to scroll through the list. If you press

or (a], you'll go all the way to
the end or the beginning of the list. Highlight the item

you want fo select, then press (or (ENTER)).

+ |f 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 EH or when you have highlighted your
selection.

+ To speed-search a list, 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 («).Togo
down a page, press >).

To cancel a menu Press (for canckir) or zmEs . This cancels the
current operation.

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 (TR ). Some input
forms include items to check (EZHT= ). See below for
examples input forms.

UMCTION PLOT ZETU UHCTION PLOT SETU
| ESIMHLT —IHY, CROZE
. . v COMMECT ¥ LAEEL*
WTICK: ¥ ARES _ GRID

kEs:  Faster

EWTER MIMIMUM HORIZOMTAL YALUE FLOT FUMCTIONE SIMULTAMEOUSLY?
ENT] | PRGE¥ ]| |  [EE  [V/CHR[ A PRGE | |

Reset input form  Toreset afield fo its default values in an input form, move
values the cursor to that field and press . To reset all default
field values in the input form, press CLEAR.

Getting started 1-9
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Mode settings

You use the Modes input form fo 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)
and [SHIFT) (RU) ).

Press MODES to access the HOME MODES input

form.

Setting Options

Angle Angle values are:

Measure Degrees. 360 degrees in a circle.
Radians. 2= 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.

Number The number format mode you set is the

Format 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.

Getting started %
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4

Setting a mode

Setting

Options (Continued)

Decimal
Mark

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 1-25.

Mixed Fraction. Displays results as
mixed fractions based on the specified
number of decimal places. A mixed
fraction has an integer part and a
fractional part. Examples:
123.456789 becomes 123+16/35
in Fraction 2 format, and 7+ 3 returns
2+1/3. See “Using fractions” on
page 1-25.

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

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.

form.

Press MODES to open the HOME MODES input

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

2. Press to display a
list of choices.

3. Press (a] to select
Degrees, and press

[H . The angle measure
changes to degrees.

4. Press to return to
HOME.

WUMEEF FORMAT: Fract ion o
DECIMAL MARKE: Dok . 3

CHOOZE AMGLE MERSURE
[choo: | 1 |

ME_HMODE:

= -
HUM Degrees 4
pECl G ads

CHOOSE AMGLE MEASURE
[ [ | | [ihNiL] Ok |

ME_MODES
RMGLE MERSURE: [EIETTa
HUMEER FORMAT: Fr-act ion 4
DECIMAL MARK: Dok Q.

CHOOSE ANGLE MERZUKE

Whenever an input form has a list of choices for a field,
you can press (+] to cycle through them instead of using

CHOTE B

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:

+  Builtin the HP 40gs (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 22-1.

+  Downloaded from HP’s Calculators web site.

+  Copied from another calculator.

Aplets are stored in the
Aplet library. See “Aplet
library” on page 1-16 for
further information.

You can modify
configuration settings for
the graphical, tabular, and

Farametric BKE
Folar 5] =]
Sequence HKE w
| SAYE [REZET] SORT | SEMD [ RECY [STHRT]

ﬁ%
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symbolic views of the aplets in the following table. See
“Aplet view configuration” on page 1-18 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+ distributions.

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

Polar Polar functions rin terms of an angle 6.
Example: r = 2cos(40) .

Sequence | Sequence functions U in terms of n, or
in terms of previous terms in the same or
another sequence, such as U, | and

U, ,.Example: U; = 0, U, = 1 and

Un = Un—2+Un—l‘

Solve Equations in one or more recl-glolued
variables. Example: x+1 = x"—x-2.

Finance Time Value of Money (TVM)

calculations.
Linear Solutions to sets of two or three linear
Solver equations.
Triangle Unknown values for the lengths and
Solver angles of triangles.
Statistics One-variable (x) or two-variable (x and

y) statistical data.

In addition fo these aplets, which can be used in a variety
of applications, the HP 40gs 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

Getting started 113
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Quad Explorer

aplet

HINT

charge and transferred to the HP 40gs using the provided
Connectivity Kit.

The Quad Explorer aplet is used to investigate the
behaviour of y = a(x+ h)2 +v as the values of a, hand
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.

Press [APLET), select Quad

Explorer, and then press
2= - The Quad Explorer
aplet opens in EFZES
mode, in which the arrow
keys, the (+) and (5] keys,
and the key are used to change the shape of the
graph. This changing shape is reflected in the equation
displayed at the top right corner of the screen, while the
original graph is retained for comparison. In this mode
the graph controls the equation.

It is also possible to have the

equation control the graph. - )\t = W

Pressing mzr displays a |+ et
sub-expression of your NE SR i

R A IS EES SRR =
equation. 17 riEnlokPH lINC 1JLEVEL] TEZT]

Pressing the (] and (<] key moves between sub-
expressions, while pressing the (o] and (¥] key changes
their values.

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

A button is provided to
evaluate the student’s
knowledge. Pressing = [+ B4 =
displays a target quadratic  |:::: :i: el dare
graph. The student must
manipulate the equation’s parameters to make the
equation maich the target graph. When a student feels
that they have correctly chosen the parameters a
button evaluates the answer and provide feedback. An
EZEE button is provided for those who give up!

Getting started
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Trig Explorer aplet  The Trig Explorer aplet is used to investigate the
behaviour of the graph of y = asin(bx+c)+d as the
values of a, b, c 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.

Press GIZEHR , select Trig [ smm
Explorer, and then press
=ral to display the screen

shown right. o AT TR AT
In this mode, the graph I T =

controls the equation.
Pressing the (a) (v) and T z ,,
(<) () keys transforms the :&_/ﬂ\t_,/h T

graph, with these 31N s RAD alOKIG ] | INCE [KESET)
transformations reflected in the equation.

The button labelled EFIET is
a toggle between
and =FEgEs . When EIED
is chosen, the ‘point of
control’ is at the origin (0,0) T ™w_~fm  FR_AT
and the (4] (YJand (< () e
keys control vertical and

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

Origin

Y= EINCHD

i

The arrow keys change the
amplitude and frequency of
the graph. This is most easily | = #.e=saness |
seen by experimenting.

Extremum—,

Pressing displays the
equation at the top of the "= [REFEINCAReOMD +0

screen. The equation is m ‘/f\-,k ‘{‘
controlled by the graph. . T
Pressing the ) and (<] ﬂ‘\_/! w

[zIM [k el ] [INCR [REZET]

keys moves from parameter
to parameter. Pressing the (a] or [¥]) 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
[T .
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Aplet library

To open an aplet

Aplet views

Symbolic view

Plot view

Aplets are stored in the Aplet library.

Press to display the Aplet library menu. Select the
aplet and press or [ENTER] -

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

by pressing .

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).

Note: some aplets—such as the Linear Solver aplet and
the Triangle Solver aplet—only have a single view, the
Numeric view.

Press to display the aplet's Symbolic view.

You use ﬂ’\iS view to define EEEEE FUNCTION SYMEDLIC WIEW S5

i i YFloma=tk+30E-2
the function(s) or equation(s) VESCIZEAC05

that you want to explore. ETENE
Faii=
See “About the Symbolic Fain)= hd

" [ ENT [#CHE] H | [SHOM]EVAL |
view” on page 2-1 for

further information.

Press to display the aplet’s Plot view.

In this view, the functions that T
you have defined are \ %
displayed graphically. \V \\-//_

EHL) Flink: 7 [MENL |

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

information.

Getting started
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Numeric view 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” on page 2-16 for
further information.

Plot-Table view The VIEWS menu contains the Plot-Table view.

VIEWS

Select P1ot-Table

Splits the screen into the plot
and the data table. See el

“Other views for scaling and Li.0ére
splitting the graph” on
page 2-13 for futher information.

Plot-Detail view The VIEWS menu contains the Plot-Detail view.

VIEWS
Select P1ot-Detail

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

See “Other views for scaling and splitting the graph” on
page 2-13 for further information.

Overlay Plot The VIEWS menu contains the Overlay Plot view.
view VIEWS

Select overlay Plot ﬁ“
Plots the current
expression(s) withouterasing

any pre-existing plof(s).

See “Other views for scaling and splitting the graph” on
page 2-13 for further information.
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Note view

Sketch view

Press 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. A note view contains text
to supplement an aplet.

See “Notes and sketches” on page 20-1 for further
information.

Press SKETCH to display the aplet’s sketch view.

Displays pictures to p——

supplement an aplet. ﬂ A _Blo D belz
1 #- B AND C.

See “Notes and sketches” on v

page 20-1 for further

information.

Aplet view configuration

Plot Setup

Numeric Setup

You use the seTup keys ([SHIFT) [PLOT], and (SHIFT]

) to configure the aplet. For example, press
SETUP-PLOT ((SHIFT) [PLOT)) to display the input form for

setting the aplet’s plot seftings. Angle measure is
controlled using the MoDES view.

Press (SHIFT] SETUP-PLOT. .
Sets parameters to plot a HRMG: £.5

P P TENG: — 7. 1285, 7.5
graph. HTICK: | PTICK: 1
kE5: Faster
EMTER HMIMIFMUM HORIZOMTAL VALUE
fECT] | PAGEW ] |

UMCTION PLOT SETUP

Press (SHIFT] SETUP-NUM. Sets [z runcTion NUMERIC SETUR S50

. . MUMETART:
parameters for building a NUMSTER ]

table of numeric values. WUMTYPE: At omat ic
HUMZOoM: 4
EMTEFR *TARTING YALUE FOF TAELE
(EmT] | [  [PLOTH |
Symbollc Setup This view is only available in  pagsranenes swmenne serur e
the Statistics aplet in EIETAT |#NGLE Hensuke: 3 1
d h it ol STl inear SEFIT:Linear
mode, where it plays an sAFTLinear s9RTLinear
important role in choosing ~ |*=FT:Linear
CHODZE AMGLE MERSURE
inCI mode|s. [choos] | |
Press (SHIFT] SETUP-SYMB.
118 Getting started
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To change views Each view is a separate environment. To change a view,
select a different view by pressing , ,
keys or select a view from the VIEWS menu. To change
to HOME, press (HOME] . You do not explicitly close the
current view, you just enter another one—like passing
from one room into another in a house. Data that you
enter is automatically saved as you enfer it.

To save aplet You can save an aplet configuration that you have used,

configuration and transfer the aplet to other HP 40gs calculators. See
“Creating new aplets based on existing aplets” on
page 22-1.

Mathematical calculations

The most commonly used math operations are available
from the keyboard. Access to other math functions is via
the MATH menu ((MATH]). You can also CAS for symbolic
calculations. See “Computer Algebra System (CAS)” on
page 14-1 for further information.

To access programming commands, press CMDS.
See “Programming commands” on page 21-13 for
further information.

Where to start The home base for the calculator is the HOME view
([FomE] )- You can do all non-symbolic calculations here,
and you can access all operations. (Symbolic
calculations are done using CAS.)

Entering + In the HOME view, you enter an expression in the

expressions same left-to-right order that you would write the
expression. This is called algebraic entry. (In CAS
you enter expressions using the Equation Writer,

explained in detail in Chapter 15, “Equation
Writer”.)

+ To enfer 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 to evaluate the expression you have in
the edit line (where the blinking cursor is). An
expression can contain numbers, functions, and
variables.

Getting started 119
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Example

Long results

Negative
numbers

Scientific
notation
(powers of 10)

2
Calculate 23 —314J§1n(45);
(d23
©14
@ 1/_8@ (23e=14% 20 =-2%LN{45n
&) ()3 -£28, 236194385

45 fsmoe] | | | [ Chs]

If the result is too long to fit on the display line, or if you
want fo see an expression in fextbook format, press (a)
to highlight it and then press Emas .

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

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

-25.

A number like 5x 10* 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 (xJ 10 )
(4% 102)(6 x 107)

Example Calculate -
3x10

4 EEX

130

6 EEX

230 @ 3 oy A 130%(6E23) 3E-54

5

4.E-12#6.E23-, BABEZ
2.E15

EXpliCii and Implied multiplication takes place when two operands
implicii appear with no operator in between. If you enter a8, for
multiplication example, the result is A*B.
1-20 Getting started
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However, for clarity, it is better to include the
multiplication sign where you expect multiplication in an
expression. It is clearest to enfer AB as A*B.

HINT  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 2 at the value
B+4’, and function & does not exist. When in doubt, insert
the * sign manually.

Parentheses 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 40gs calculates
according to the order of algebraic precedence (the next
topic). Following are some examples using parentheses.

Entering... Calculates...
BN 45 (=) n sin (45 + )
(SINJ 45 () (+] (SHIFT) = sin (45) + n
v~ 85(x)9 /85 %9
v~ [0850J9 /85 %9

Getting started 1-21
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Algebraic Functions within an expression are evaluated in the
precedence following order of precedence. Functions with the same
order of precedence are evaluated in order from left to right.

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

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

4. Power function, *, NTHROOT.

5. Negation, multiplication, and division.
6. Addition and subtraction.
7.
8
9
1

. AND and NOT.

. OR and XOR.

. Left argument of | (where).

0.Equals, =.
Largest and The smallest number the HP 40gs can represent is
smallest 1 x 107499(1E-499). A smaller result is displayed as
numbers zero. The largest number is 9.99999999999 x 10477

(1E499). A greater result is displayed as this number.

Clearing . clears the character under the cursor. When the
numbers cursor is positioned after the last character,

deletes the character to the left of the cursor, that s, it
performs the same as a backspace key.

+ c4NcEL ([ON]) clears the edit line.

. CLEAR clears all input and output in the
display, including the display history.

Using previous The HOME display ([HOME] ) shows you four lines of

results 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.

Input

Last input
3978 Last output

Edit line —E*?;q.
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When you highlight a previous input or result (by pressing
(a)), the and EIIE menu labels appear.

To copy a previous  Highlight the line (press (a]) and press [=i&3 . The

line number (or expression) is copied info the edit line.
To reuse the last Press 4N (last answer) to put the last result from the
result HOME display into an expression. 4ns is a variable that

is updated each time you press (ENTER].

To repeat a To repeat the very last line, just press . Otherwise,
previous line 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 4ns, the
calculation is repeated iteratively.

Example See how ANS retrieves and reuses the last result
(50), and updates 4ns (from 50 to 75 to 100).

50 (ENTER] (+] 25

You can use the last result as the first expression in the edit
line without pressing ANs. Pressing (], (=], [, or
(=], (or other operators that require a preceding
argument) automatically enters 4ns 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 @3 . See “Using previous results”
on page 1-22 for more details.

The variable 4ns is different from the numbers in HOME's
display history. A value in 4ns is stored internally with the
full precision of the calculated result, whereas the
displayed numbers match the display mode.

Getting started 1-23

. - —4e




7> é hp40g+.book Page 24 Friday, December 9, 2005 1:03 AM

HINT  When you retrieve a number from 4ns, 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 ANS copies the last result (as 4ns)
into the edit line.

Storing a valve You can save an answer in a variable and use the

in a variable variable in later calculations. There are 27 variables
available for storing real values. These are A to Z and 6.
See Chapter 17, “Variables and memory management”
for more information on variables. For example:

1. Perform a calculation.
45(+]8 3

I A

95()2(x) (AFA) A

1-24 Getting started
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Accessing the Pressing (a] enables the highlight bar in the display
diSpldy hiSfOI'y history. 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.

FHokd 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
CLEAR the edit line.
Clearing the It's a good habit to clear the display history ((SHIFT)

dlSpIOy hiSI‘OI’y cLEAR) whenever you have finished working in HOME. It
saves calculator memory to clear the display history.
Remember that all 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 Fraction or Mixed Fraction, as follows:

Setting Fraction 1. In HOME, open the HOME MODES input form.

mOde MODES

RiE: [g] B
NUMEER FORMAT: St andard
DECIMAL MARK: Dok Q.

CHOOFE ANGLE MEASURE
[ [CHOOS[ |
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Setting fraction
precision

2. Select Number Format, press to display the
options, and highlight Fraction or Mixed

Fraction.

2 EITH , Fixeg. . 4
Scientific

E] E] EEQ.‘. Ernginestin

- Mixed Fraction

3. Press [F to select the Number Format option, then
move to the precision value field.

TR

mE ) SURE: Radians
NUMEEF FORMAT: Frract ion
DECIMAL MARK: Dot o, 3

EMTER DECIMAL PLACES TO UZE
ECIT [CHODZ] [ |

4. Enter the precision value that you want to use, and

press [ tfo set the precision. Press to return
to HOME.

See “Setting fraction precision” below for more
information.

The fraction precision setting determines the precision in
which the HP 40gs converts a decimal value fo 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 1 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:

1-26
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* Precision setto 1:

234

3-13

STOk

» Precision set to 2:

STOk

»  Precision set to 3:

EARA LY
.28
T30
. 234
11-47
(I A I I

* Precision set to 4

. 234

(stoel [ 1 [ [ |

Fraction When entering fractions:

calculations
You use the (=] key to separate the numerator part

and the denominator part of the fraction.
+ To enter a mixed fraction, for example, 1 ]/2, you

enter it in the format (1+1/5).

For example, to perform the following calculation:
3(23/4+ 57 /)

1. Set the Number format mode to Fraction or
Mixed Fraction and specify a precision value of
4.In this example, we'll select Fraction as our
format.)

MoDES

AMGLE MERZURE: Badians

T Select WUMEER FORMAT: Frract ion
DECIMAL MARK: Dot €, 3

Fraction
EMTER DECIMAL PLACEZ TO USE
)4 T TS I O
Getting started 1-27
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2. Enter the calculation.

3x)[0@2=]3
H40HO57

8D E*((E+3x4)+c5+?/833¢

Note: Ensure you are in
the HOME view.

3. Evaluate the calculation.

Note that if you had 5% (2D A SHTAE )
selected Mixed =8
Fraction instead of

Fraction as the

Number format, the answer would have been
expressed as 25+7/8.

Converting To convert a decimal value to a fraction:
decupals to 1. Setthe number format mode to Fraction orMixed
fractions Fraction.

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.

When converting a decimal 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 AR FINCTID
fraction precision is set | EEEEEEE 2.4
to 6. The top . BBEE
. 2232500
calculation returns the
correct result. The ﬁ]-_-ﬁ

bottom one does not.

+ 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.

1-28 Getting started
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In this example, the
fraction precision is set
to 6.

Complex numbers

Complex results The HP 40gs 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 (0,1).

To enter complex Enter the number in either of these forms, where x is the
numbers real part, y is the imaginary part, and i is the imaginary

constant, J?l:

e (xnyor

e x+iy

To enter i:

+ press

or

+ press [MATH], (4] or (¥] keys to select Constant,
(») to move to the right column of the menu, to
select 1, and [I=E .

Storing complex There are 10 variables available for storing complex
numbers numbers: Z0 to Z9. To store a complex number in a
variable:

+  Enter the complex number, press &zE3, enter the
variable to store the number in, and press [ENTER] .

04(J50) ez

[ALPHA) Z O (ENTER]

Getting started 1-29
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Catalogs and editors

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

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

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

Catalog/Editor Contents
Aplet library Aplets.
((APLET])

Sketch editor
( SKETCH)

List ( LIST)

Matrix (

MATRIX)

Notepad ((SHIFT)

NOTEPAD)
Program ([SFiFT)
PROGRM)

Equation Writer
ciz))

Sketches and diagrams, See
Chapter 20, “Nofes and
sketches”.

Lists. In HOME, lists are
enclosed in {}. See Chapter 19,
“Lists”.

One- and two-dimensional
arrays. In HOME, arrays are
enclosed in []. See Chapter 18,
“Matrices”.

Notes (short text entries). See
Chapter 20, “Notes and
sketches”.

Programs that you create, or
associated with user-defined
aplets. See Chapter 21,
“Programming”.

The editor used for creating
expressions and equations in
C:S. See Chapter 15,
“Equation Writer”.

Getting started
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Aplets and their views

Aplet views

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

About the Symbolic view

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

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)
simultaneously by selecting them.

Defining an expression (Symbolic view)
Choose the aplet from the Aplet Library.

APLET
Prclass (a) orli] to Trference : '
arametrlc
select an aplet. Polam akE
Sequence HEE w»
[ =nve [rEsET] sORT | SEMD | RECH [sThRT]

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 EETA. All selected
expressions are plotted.

Aplets and their views 2-1
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For a Function
definition, enter
an expression to
define F(X). The
only independent
variable in the
expression is X.

S FUNCTION SYHEOLIC VIEW S5

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(0). The
only independent
variable in the
expression is 6.

For a Sequence

definition, either EH':E LRI
enter the first term, e
or the first and HéET;:
second terms, for U L2:2h= v

(U1, or...U9, or
U0). Then define
the nth term of the sequence in terms of N or of
the prior terms, U(N-1) and/or U(N-2). The
expressions should produce real-valued
sequences with infeger domains. Or define the
nth term as a non-recursive expression in terms of
n only. In this case, the calculator inserts the first
two terms based on the expression that you
define.

Note: You will have to enter the second term if the
hp40gs is unable fo calculate it automatically.
Typically if Ux(N) depends on Ux(N-2) then you
must enter Ux(2).

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 EIEM . If a function calls
another function, then resolves all references to
other functions in terms of their independent variable.

1. Choose the Function

0p|ef. FIJNIZII:IN SYMEOLIC VIEW S5
(APLET] F%cx:-
APLET =
Faira=
= L
TS I I T

Select Function FSoxa=

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

A H EEEEE FUNCTION SYHEOLIC VIEW S
[0k
(ALPHA] B
(AHAJF1 O @ O
(+)
(ALPHA] F2 (0@ () 8
3. Highlight F3(X).
EEEEE FUNCTION SYHEOLIC VIEW S

wF LR y=Fese
(a] vEZCOE

4. Press

Note how the values
for F1(X) and F2(X) are
substituted into F3(X).

S FUNCTION SYMEOLIC VIEW S5
fEl CHI=RxHE
-

Aplets and their views 2-3
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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 [ENTER]. This evaluates the expression,
substituting 9 in place of X into F4.

SYMB view keys The following table details the menu keys that you use to
work with the Symbolic view.

Key Meaning

EDIT Copies the highlighted expression to
the edit line for editing. Press mE
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.

[ H | Enters the independent variable in the
Sequence aplet. Or, you can use the

key on the keyboard.

[=Hik] Displays the current expression in text
book form.
ELAL Resolves all references to other

definitions in terms of variables and
evaluates all arithmetic expressions.

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

2-4 Aplets and their views

4~ ~¢|0




% é hp40g+.book Page 5 Friday, December 9, 2005 1:03 AM é

Key Meaning (Continued)
Displays the menu for entering math
operations.

crars  Displays special characters. To enter
one, place the cursor on it and press
A . To remain in the CHARS menu
and enter another special character,
press EEIE.

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

CLEAR Deletes all expressions in the list or
clears the edit line.

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.

— Ifthere is a number to enter, type it in and press

(EnTeR) or M.

— If there is an option to choose, press HEIEGH ,

highlight your choice, and press or A .
As a shorteut to EIERH , just highlight the field to
change and press (+] to cycle ﬁwough the
options.

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

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

Aplets and their views 2-5
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Plot view The plot view settings are:
settings
Field Meaning
XRNG, YRNG Specifies the minimum and

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

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

TRNG Parametric aplet: Specifies the t
values (7) for the graph.

ORNG Polar aplet: Specifies the angle (0)
value range for the graph.

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

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

OSTEP For Polar plots: 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 BEEEA 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.
2-6 Aplets and their views
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Field Meaning (Continued)

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 plOf To reset the default values for all plot settings, press
seHings (SHIFT) CLE4R in the Plot Setup view. To reset the default

value for a field, highlight the field, and press (DEL] .

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 following table details the keys that you use to work

with the graph.

Key Meaning

(sHiFT)cLEAR | Erases the plot and axes.

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

« Moves cursor to far left or far right.

]

(a) Moves cursor between relations.

vJ

e or Inierrupts ploﬂing.

(ON]

Continues plotting if interrupted.

Aplets and their views 2-7
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Trace a graph

To move between
relations

Key Meaning (Continued)

HEHLU Turns menu-key labels on and off.
When the labels are off, pressing
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

isplays the coordinate mode.

IR Displays the ZOOM menu list.

TEACZE Turns trace mode on/off. A white box
appears over the @ on IEEEE.

Opens an input form for you to enter
an X (or Tor N or 0) value. Enter the
value and press [A . The cursor jumps
to the point on the graph that you
entered.

FiZH] Function aplet only: turns on menu list
for rootfinding functions (see
“Analyse graph with FCN functions”
on page 3-4).

[[EFH] Displays the current, defining
expression. Press to restore the
menu.

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 (4] or
(v] to move between relations.

2-8
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To jump directly to To jump straight to a value rather than using the Trace
a value function, use the menu key. Press [EREH, then enter
a value. Press EA to jump to the value.

To turn trace on/off  If the menu labels are not displayed, press first.

+  Turn off trace mode by pressing T -
+ Turn on trace mode by pressing [HEEE.
+ To turn the coordinate display off, press EEM.

Zoom within a One of the menu key options is . Zooming redraws
grqph the plot on a larger or smaller scale. It is a shortcut for

changing the Plot Setup.

The set Factors... option enables you to set the
factors by which you zoom in or zoom out, and whether
the zoom is centered about the cursor.

ZOOM options Press HIEIE , select an option, and press HE . (If EREE
is not displayed, press EEN.) Not ol EEEIE options are
available in all aplefs.

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.

In 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...)

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

X-Zoom In Divides horizontal scale only, using
Xdactor.

X-zoom Out | Multiplies horizontal scale, using
Xdactor.

Aplets and their views 29
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Option Meaning (Continued)
Y-Zoom In Divides vertical scale only, using
Y-factor.

Y-Zoom Out | Multiplies vertical scale only, using
Y-tfactor.

Square Changes the vertical scale to match
the horizontal scale. (Use this after
doing a Box Zoom, X-Zoom, or

Y-Zoom.)
Set Sets the X-Zoom and Y-Zoom factors
Factors... | for zooming in or zooming out.

Includes option to recenter the plot
before zooming.

Auto Scale | 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.

Decimal Rescales both axes so each pixel =
0.1 units. Resets default values for
XRNG

(6.5 to 6.5) and YRNG (-3.1 to
3.2). (Not in Sequence or Statistics
aplets.)

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

Trig Rescales horizontal axis so

1 pixel = n/24 radians, 7.58, or
8'/3 grads; rescales vertical axis
so

1 pixel = 0.1 unit.

(Not in Sequence or Statistics
aplets.)

2-10 Aplets and their views
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Option Meaning (Continued)

Un-zoom Returns the display to the previous

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

ZOOM examples The following screens show the effects of zooming options

on a plot of 3sinx .

bl FIcH: 0

Plot of 3sinx

Zoom In:

EEIN EfE In EE

[z: 0 Fati: o HENU |
Un-zoom:
EIZE Un-zoom EH /\ /\
Note: Press (o] to moveto |7 -
the bottom of the Zoom list. \\ ] \\ /
Zoom Out:
HIoE Out A
Now un-zoom. Pttt
[ 200 [TrAcalGoTo [ FOM {0EFH TMENU]
X-Zoom In:
HIE X-Zoom In [EA
Now un-zoom.
[ z00r]TRACe]GOTO | FCH_[BEFH [MEHLU |
X-Zoom Out:
i em AL
Now unzeom ARATARTAIN
(20011 [TRACE] GOTO | FC | DEFM [MEWU)
Aplets and their views 2-11
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Y-Zoom In:

w1
ow un-zoom. r 1 ‘ ‘ J

Y-Zoom Out:

EfdEl Y-Zoom Out [H

o
—
| 200 [TEACELGOTO [ FCH [DEFH [MENL]

Zoom Square:

EIE Square [EA /\ /\
.-'

7

| Z00r [TRACE]GOTO L FCH JDEFH [MEHU

To box zoom 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. If necessary, press to turn on the menu-key
labels.

2. Press EmZ and select Box. . .

3. Position the cursor on one corner of the rectangle.
Press [IH .
4. Use the cursor keys

((v], etc.) to drag to

the opposite corner.

FELECT ZECOMD CORMER [GTRTHITEE

5. Press [® to zoom in
on the boxed area.

2-12 Aplets and their views
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To set zoom factors 1. In the Plot view, press [EIE.

Press EEIE -

Select set Factors... and press A .

M w S

Enter the zoom factors. There is one zoom factor for
the horizontal scale (xz00M) 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.

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.

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.

VIEWS menu Press (VIEWS), select an option, and press [ .
options
Option Meaning
Plot- Splits the screen into the plot and a
Detail close-up.

Plot-Table | Splits the screen into the plot and
the data table.

Overlay Plots the current expression(s)
Plot without erasing any pre-existing
plot(s).
Aplets and their views 2-13
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Option Meaning (Continued)

Auto Scale | 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.

Decimal Rescales both axes so each pixel =
0.1 unit. Resets default values for
XRNG

(-6.5 10 6.5) and YRNG (-3.1 to
3.2). (Not in Sequence or Statistics
aplets.)

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

Trig Rescales horizontal axis so

1 pixel=n/24 radian, 7.58, or
8]/3 grads; rescales vertical axis so
1 pixel =0.1 unit.

(Not in Sequence or Statistics
aplets.)

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

1. Press (VIEWS]. Select P1ot-Detail and press [HH .
The graph is plotted twice. You can now zoom in on

the right side.

2. Press EET EEEE ,
select the zoom method

and press @A or
. 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).

2-14 Aplets and their views
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- (<) moves the leftmost cursor to the
screen’s left edge and (») moves the

rightmost cursor to the screen’s right edge.

— The mzm menu key copies the right plot fo the left
plot.

3. 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.

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

3. To move between functions, use the and (v]
cursor keys to move the cursor from one graph to
another.

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

(or (PLOT]).

Overlay plots 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 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 Integer scaling compresses the axes so that each pixel is
1 x 1 and the origin is near the screen center.

Trigonometric Use trigonometric scaling whenever you are plotting an

scaling expression that includes trigonometric functions.
Trigonometric plots are more likely to intersect the axis at
points factored by =.

Aplets and their views 2-15
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About the numeric view

After enfering 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.

Setting up the table (Numeric view setup)

Press (SHIFT)NUM to define S5 FUNCTION. WUMERIC SETUP S35
CHE

any of the table seftings. HUMETAET:
i MUMETER: . ]
Use the Numeric Setup WUMTYPE:  Automatic
input form to configure the | MUMemIr: 4
fqb|e EMTER *TAKTING VALUE FOR THELE

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

— Ifthere is a number to enter, type it in and press
or [ . To modify an existing number,
press =i -

— If there is an option to choose, press HIFRH,

highlight your choice, and press or A .

— Shortcut: Press the 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.
Numeric view The following table details the fields on the Numeric
9
seﬂings 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.

2-16 Aplets and their views
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Field Meaning (Continued)

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 outon a
selected value of the independent
variable.

Reset numeric To reset the default values for all fable seftings, press

settings CLEAR.

Exploring the table of numbers

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

Key Meaning

B Displays ZOOM menu list.

EE Toggles between two character
sizes.

[[EFH] Displays the defining function
expression for the highlighted
column. To cancel this display, press
[DEF= B

% Aplets and their views 2-17
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Zoom within a

Zooming redraws the table of numbers in greater or

table lesser detail.
ZOOM options The following table lists the zoom options:
Option Meaning
In Decreases the intervals for the
independent variable so a narrower
range is shown. Uses the NUMZOOM
factor in Numeric Setup.
out Increases the infervals for the
independent variable so that a
wider range is shown. Uses the
NUMZOOM factor in Numeric Setup.
Decimal Changes intervals for the
independent variable to 0.1 units.
Starts at zero. (Shortcut to changing
NUMSTART and NUMSTEP.)
Integer Changes intervals for the
independent variable to 1 unit.
Starts at zero. (Shortcut to changing
NUMSTEP.)
Trig Changes intervals for independent
variable to /24 radian or 7.5
degrees or 8'/3 grads. Starts at
zero.
Un-zoom Returns the display to the previous
zoom.
The display on the right is a Zoom In of the display on the
left. The zooM factor is 4.
| EIG [OEFH] | | EIG [OEFH] |
HINT  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.
2-18 Aplets and their views
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Automatic You can enter any new value in the X column. When you
recalculation press , the values for the dependent variables are

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

Building your own table of numbers

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.

Build a table 1. 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.

3. Open the Numeric view ([Num) ).
4. Clear existing data in the table ([SHIFT) CLE4R).

5. 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 [IFH.

Fz F1 and F2
You enter 43 Bq entries are
P
numbers info B generotgd
the X column automatically
PINz 17057 ] Ela VEFR] |

Clear data Press (SHIFT)CLE4R, [ to erase the data from a table.
Aplets and their views 2-19
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“Build Your Own" menu keys

Key Meaning

EDIT Puts the highlighted independent
value (X, T, 6, or N) into the edit
line. Pressing replaces

this variable with its current value.

CH Inserts a zero value at the position
of the highlight. Replace a zero
by typing the number you want

and pressing .

Soris the independent variable
values into ascending or
descending order. Press
and select the ascending or
descending option from the
menu, and press [ .

E:1 5 Toggles between two character
sizes.

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

OEL Deletes the highlighted row.

CLEAR Clears all data from the table.

Example: plotting a circle

Plot the circle, x?+y? = 9. First rearrange it o read
y = iA/9—x2 .

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

y = /\/9*)(:2 and y = */\/9*)(2

1. In the Function aplet, specify the functions.

% 2-20 Aplets and their views
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Select
Function

GHE) v- @9
0 &8 (2 O
()] GHF) v~ @9
B &18) (¥) ) [ENTER)

G FUNCTION SYHEOLIC VIEW SEEE
wE1CKy=l09—kE)

F
Facui=
[EOIT [ACHE] H |  [SHOW[EVAL]

Reset the graph setup to the default seftings.

SHIFT |SETUP-PLOT

SHIFT] CLEAR

Plot the two functions
and hide the menu so
that you can see all the
circle.

(FLoT) EE EE

Reset the numeric setup to

SETUP-NUM
CLEAR

Display the functions in nu

NUM

FUMCTION PLOT ZETUP
=3

B, 5 E.
YEMG: -3, 1 3.2
uTick: | WTICK: 1

REs: Dt ail

ENTEFE MIMIMUM HOKIZONTAL WALUE
EnT] | PREW®] |

O
N

the default settings.

HHEHE FUNCTION NUMERIC SETUP S
HUMETAET:

HUMSTER: |

HUMTYPE:  Automatic
HUrMZOOM: 4

EMTER STAETIMG YALUE FOR TRELE
ET] [ ]  [PLOTH |
meric form.

Fi1 | F2 |

.998333(-2.94983

Aplets and their views
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4

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 fo find roots, intercepts, slope, signed
areq, and extrema

+ create tables fo evaluate functions at particular
values.

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

Getting started with the Function aplet
The following example involves two functions: a linear
function y = 1 —x and a quadratic equation
y=(x+ 3)2 -2.
Open the 1. Open the Function aplet.
Function aplet SelectFunction DN MEOLIC VM a5
ETAET

The Function aplet starts v
in the Symbolic view. T T3 N N T G

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 31
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Define the 2. There are 10 function definition fields on the Function

expressions 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) CLE4R to

clear all lines.)

1] S FUNCTION SYMEOLIC WIEW 3555
YELOE =11

0 &ne) #H3 0 E

02

[ CHEL i1 SHO]

Set up the plOf You can change the scales of the x and y axes, graph
resolution, and the spacing of the axis ficks.

3. Display plot settings.

SHIFT ] SETUP-PLOT ZFUMCTION PLOT SETUP

6.5
3.2
PTICK: 1

Letail
EWTEE MIMIMUM HORIZOMTAL YALUE

Note: For our example, you can leave the plot
settings at their default values since we will be using
the Auto Scale feature to choose an appropriate y
axis for our x axis settings. If your settings do not

match this example, press (SHIFT) CLE4R fo restore the
default values.

4. Specify a grid for the graph.

FAGEW] NCTION PLOT SETUR
¥ SIMULT _INY. CRDSE
] (v] (v) EZ=EIS # COMMECT _ LAEELS

# HHES BRI

DRAK GRI0Y

Plot the 5. Plot the functions.
functlons
32 Function aplet
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o

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

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

Select auto ————
lot-Detail
Scale M= lot-Table
g Ouverlag Flot H
Trace a gl‘CIph 7. Trace the linear function.
(Q6times 00 m

W-.B Flii): 1.8 [MENL |

Note: By default, the
tracer is active.

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

(a)

|w: -8 Facs: 3.7 MEKL |

Function aplet 33
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Analyse gl’dph 9. Display the Plot view menu.
with FCN —
functions

From the Plot view menu, you can use the functions
on the FCN menu to find roots, intersections, slopes,
and areas for a function defined in the Function aplet
(and any Function-based aplets). The FCN functions
act on the currently selected graph. See “FCN
functions” on page 3-10 for further information.

To find a rootof the ~ 10.Move the cursor to the graph of the quadratic

quadratic function equation by pressing the (a] or key. Then move

the cursor so that it is near x = —1 by pressing the

(»]) or (<] key.

=531 SelectRoot : : —

ok ‘Y Intersection D
——|Z1are —
- |5ianed area. -
- |Ext remum .
......... —

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

Note: If there is more
than one root (as in our
example), the
coordinates of the root closest to the current cursor
position are displayed.

KOOT: -1.5B57BE43763

To find the 11.Find the intersection of the two functions.
intersection of the
two functions

T IRoot

Y Intersection
: |51lape

- |5ianed area.
- |Ext remum

I I N . T

34 Function aplet
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12.Choose the linear function whose intersection with the
quadratic function you wish fo find.

K]

CHHCL | OK

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

I-ZECT: (-1.2)

Note: If there is more
than one intersection
(as in our example), the coordinates of the
intersection point closest to the current cursor position
are displayed.

To find the slope of  13.Find the slope of the quadratic function at the

the quadratic intersection point.
function ——
Select s1ope
ik
The slope value is sLopes e

displayed at the
bottom of the screen.

To find the signed 14.To find the area between the two functions in the
area of the two range -2 < x < -1, first move the cursor to
functions F1(x) = 1-x and select the signed area option.

EEET EEE

Select Signed area

R

[TR0N *TART: -1

15.Move the cursor to x =2 by pressing the [»] or (<
key.

Function aplet 35
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16.Press [T tfo accept using F2(x) = (x + 3) 2~ 2 as the
other boundary for the integral.

17. Choose the end value
for x.

GOTO

D1
k]

The cursor jumps to

x =-1 on the linear
function.

[EHIN EMDH: -1 CAMIL] DK |

18.Display the numerical
value of the integral.

K]

Note: See “Shading
area” on page 3-11 .
for another method of ARER: 21gcesgeEEEr @
calculating area.

To find the 19. Move the cursor to the quadratic equation and find
extremum of the the extremum of the quadratic.
quadratic @) gEmm @

Select Extremum [H

The coordinates of the

extremum are it a-m R
displayed at the

bottom of the screen.

36 Function aplet
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HINT  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.

DISpldy the 20.Display the numeric view.

numeric view S

Set up the table  21.Display the numeric setup.

SHIFT | SETUP-NUM

HEE FUNCTION MUMERIC SETUP S5
MUMSTAET:

MUMSTER: .1

HUMTYPE:  Hutomat ic
WUMZOOM: g

EMTER STARTIMG VALUE FOF TRELE

See “Setting up the table (Numeric view setup)” on
page 2-16 for more information.

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

graph view.
HE S FUNCTION WUMERIC SETUR S50
NUMETART:
MWUMSTER: 1
WUMTYPE:  Automat ic
HUMZOOM: 4
ENTER STRETING VALUE FOR TRELE
Explore the 23.Display the table of values.
table O
Fl | F2
75 I 35
| 5,56
¥ B89
e B 24
1 7EL
h ;
Function aplet 37
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To navigate around  24.Move to X = -5.9.

tabl
a table (v]) 6 times

Fi Fz

P
o o
(e

R
0 W
i@ m o
m
.

To go directly to a 25.Move directly to X = 10.
value 10 o=

To access the zoom  26.Zoom in on X = 10 by a factor of 4. Nofe: NUMZ0OOM
options has a setting of 4.

To change font size  27. Display table numbers in large font.
1G]

H | _F1 Fz
9,873 [-82.8¥5 [163.7EE
9.9 -5.9 1e4.41
9,925 [-5.925 [165.8596
-5.95  [1&5.7E3
I I T
To display the 28.Display the symbolic definition for the F1 column.
symbolic definition
of a column () [ i
9.875
2.9
9.9235
The symbolic definition of ?:35
F1 is displayed at the T TR T -
bottom of the screen.
3-8 Function aplet
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Function aplet interactive analysis

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

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

*  Area

*  Extremum

e lsect
*  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.

E4RAD FUMCTION

17H9-366

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

AFLET ]
Select P1ot FCN 3
Elct TTH

Ext remum
@ i Sumbolic |Isect

(a] or (¥] to choose a

variable &

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

Select P1ot FCN

o]

(a) or [v] to choose a variable
HOE]

Function aplet 39
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FCN functions 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 rootfinder 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 Ext remum 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 s1ope to find the numeric
derivative at the current position
of the cursor. The result is saved in
a variable named SLOPE.

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.

3-10 Function aplet
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Function Description (Continued)

Intersection | Select Intersectiontofindthe
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.

Shadlng area 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.

2. Select the expressions whose curves you want to
study.

3. Press to plot the functions.

4. Press (4] or ] to position the cursor at the starting
point of the area you want to shade.

Press .

6. Press [T, then select Signed area and press
.

7. Press @, choose the function that will act as the
boundary of the shaded areq, and press g -

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

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

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

Function aplet 311
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Plotting a piecewise-defined function

Suppose you wanted to plot the following piecewise-
defined function.

x+2 x<-1
Sx) = x2 —l<x<1

4—x x2>1

1. Open the Function

HEEE FUNCTION SYMEDOLIC VIEW SR
aplet. F1 =
Select Eigmf
Function FSixr= L
T [+ cHED [ [SHOM ]

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.)

@20 6

H CHARS <
m [
BEEPHOH®
CHARS > 1
AD B (SHFT)CrARs < |
04EE 0 G
x

(SHIFT)cHARS > 1 (]
Wi FLlik): UNDEFIMED [RETT

SR FUNCTION SYMEDLIC VIER
wE1CH =420 0HS- 110
YF20HI=HEA R -1 AND.,

A

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

(X1.8].

312 Function aplet
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4

Parametric aplet

About the Parametric aplet

The Parametric aplet allows you to explore parametric
equations. These are equations in which both x and y are
defined as functions of t. They take the forms x = f(¢)
and y = g(1) .

Getting started with the Parametric aplet

The following example uses the parametric equations
x(t) = 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 aplet Select e —
Parametric Funct ion 5[]
Inferential..
FParamet-ic
Folar
Sequence BEE w
| £AVE [RESET] SOKT [ZEMD | RECY [START]
Define the 2. Define the expressions.
expressions
p 3 @ @ I PARAMETRIC SYMEOLIC VIEW 3555
—E*SIN(T}

% Parametric aplet 4-1
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Set angle 3. Set the angle measure to degrees.
measure MODES

[ZHi =]
Select Degrees [

CHOOSE AMGLE MERZURE
[ | JiAHIL]

Set up the plOf 4. Display the graphing options.

(SHiET) PLOT HRAMETRIC PLOT SETUP
TRHG
TETER: | 1
HEMG: - 6.5 6.5
VEHG: -3, 1 3.2

ENTEE MINIMUM TIME VALUE
[ | FAGE ¥ |

The Plot Setup input form has two fields not included
in the Function aplet, TRNG and TSTEP. TRNG
specifies the range of t values. TSTEP specifies the
step value between t values.

5. Set the TRNG and TSTEP so that # steps from 0° to
360° in 5° steps.

E] 360 m ARAMETRIC PLOT SETUP
56A =
ENWTEFR MIHIFMUM HORIZONTAL YALUE
[EMT] | PAEW] |
Plot the 6. Plot the expression.
expression

T:0 (930

7. To see all the circle, press EEIM twice.

- T
N

42 Parametric aplet
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Overlay pIOf 8. Plot a triangle graph over the existing circle graph.

pLor FAMETRIC PLOT ZETUP
TRME: B 26

K2 TSTER: 128
urnc: CTI .5

120 md ThNG — 5 1 3.2
ENTEFR MINIMUM HORIZOMTAL YALUE
EDIT PRAGE W

VIEWS

Select overlay Plot ﬁv
ik

A triangle is displayed

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.

DiSple the 9. Display the table of values.
numbers

NUM

You can highlight a
tvalue, type in a
replacement value,
and see the table jump
to that value. You can also zoom in or zoom out on
any tvalue in the table.

You are able to explore the table using gz,

, build your own table, and split screen
functionality available in the Function aplet. See
“Exploring the table of numbers” on page 2-17 for
further information.

Parametric aplet 43
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Polar aplet

Getting started with the Polar aplet

Open the Polar 1. Open the Polar aplet.

ap|ei Select polar LAE_SYMEDLIC VIEW §
Like the Function aplet,
the Polar aplet opens
in the Symbolic view.

Define the 2. Define the polar equation r = 2mc0s(0/2)cos(0)” .
expression 2 (co5)

xo © 20
[cos) &28) O

OLAR SYMEOLIC VIEW
wR1GEI=2EmECOSCHE 20,
| F2coo="__________|

RICAI=
R4l =
RICE2= ¥

| ENT [wCHE] 8 | [SHOW]EVAL]

SpeC|fy plOf 3. Specify the plot settings. In this example, we will use
settings the default settings, except for the ORNG fields.
SETUP-PLOT ROLAK PLOT SETUR

CLEAR Y 12,5663,
B4 mE e 5§ 53

EMTER ZTEP ZIZE

Plot the 4. Plot the expression.
expression
Flia): 6.283185
Polar aplet 5-1
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Explore the 5. Display the Plot view menu key labels.
graph HENLU

The Plot view options /_\LD/_\
available are the same

as those found in the W
Function aplet. See s :

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

DISplCIy the 6. Display the table of values for 6 and R1.
numbers

NUM

The Numeric view
options available are
the same as those
found in the Function
aplet. See “Exploring the table of numbers” on
page 2-17 for further information.

4~ 4
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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, U1:
+ infermsofn

+ interms of U1(n-1)

+ interms of U1(n-2)

+ in terms of another sequence, for example, U2(1)

* in any combination of the above.

The Sequence aplet allows you to create two types of
graphs:

— A Stairsteps graph plots n on the horizontal
axis and U,, on the vertical axis.

— A Cobweb graph plots U,,_; on the horizontal
axis and U, on the vertical axis.

Getting started with the Sequence aplet

The following example defines and then plots an
expression in the Sequence aplet. The sequence
illustrated is the well-known Fibonacci sequence where
each term, from the third term on, is the sum of the
preceding two terms. In this example, we specify three
sequence fields: the first term, the second term and a rule
for generating all subsequent terms.

However, you can also define a sequence by specifying
just the first term and the rule for generating all
subsequent terms. You will, though,have to enter the
second term if the hp40gs is unable to calculate it
automatically. Typically if the nth term in the sequence
depends on n-2, then you must enter the second ferm.

- 4~ 4
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Open the
Sequence aplet

. Open the Sequence aplet.

Select S SECUENCE SYMEDLIC WIEW SR

Sequence Licia=

The Sequence aplet eiz)= v
9 P LEMT [wHE] | [SHOW]EVAL |

starts in the Symbolic

view.
Define the Define the Fibonacci sequence, in which each term
expression (after the first two) is the sum of the preceding two
terms:
Uy =1,U,=1,U,=U,_ +U, ,forn>3.
In the Symbolic view of the Sequence aplet, highlight
the U1(1) field and begin defining your sequence.
1 1 S CEQUENCE SYMEBOLIC WIEM S5
W () 0iiaosi
It U2¢19=
LLCH-11+11CH-2)
Note: You can use the | =S BN MTMELT
[HP -2 P H- 11 P
1, and MEmenu keys fo assist in the entry of
equations.
GBS SEQUENCE SYMEDLIC VIEM S8
»U1c1x=1
wHUicz2r=1
=011 ¢H-13+L1CH..
Specify ploi In Plot Setup, first set the SEQPLOT option to
seﬂings Stairstep. Reset the default plot settings by
clearing the Plot Setup view.
SETUP_PLOT EQUEHEE PLOT ZETUP
CLEAR v
HEWG: -2 g
v) )8 VRN 18,6
E] 8 m ENWTEFR HIMIMUM VERTICAL YALUE
62 Sequence aplet
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Plot the 4. Plot the Fibonacci
sequence sequence.

I
M:1 ULCMI: 1 [HEML |

5. In Plot Setup, set the SEQPLOT option to Cobweb.

SHIFT | SETUP-PLOT

EIIHE Select Cobweb
(i1}

N:1 ULiM: 1 HEML |

DiSplCIy the table 6. Display the table of values for this example.

NUM

Sequence aplet 6-3
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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. lts solution is a
value for the unknown variable that makes both sides
have the same value.

+ An expression does not contain an equals sign. lts
solution is a root, a value for the unknown variable
that makes the expression have a value of zero.

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

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

+ In Symbolic view, you specify the expression or
equation to solve. You can define up to ten equations
(or expressions), named EO to E9. Each equation can
contain up fo 27 real variables, named 4 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 EIEIE .

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 the Linear Solver aplet,matrices or
graphs in the Function aplet.

Solve aplet 7-1
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Getting started with the Solve aplet

Open the Solve
aplet

Define the
equation

Enter known
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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.

The equation to solve is:

V' = U 4240

1. Open the Solve aplet.

Select solve
=TAET

The Solve aplet starts in

the symbolic view.

2. Define the equation.

A V()
B () UG
(+] 2(x]
A AR
(APFA) D (EWTER)

APLET LIERARY i EEREE

Sequénce .

Folar BEE

Furct ion BEkE

MYFUMC EZKE w
[REZET| sORT [SEWD [ RECY |

SOLVE SYMEOLIC VIEM
5 E=LIE+2£H %D

Note: You can use the & menu key to assist in the

entry of equations.

3. Display the Solve numeric view screen.

varlables NUM ZOLYE MWUMERIC VIEH
VALUE OF PRESS SOLVE
||
7-2 Solve aplet
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4. Enter the values for the known variables.

27 () 7 8 [ENTER]
16([) 67 (ENTER]
)

100 [ENTER)

HINT  If the Decimal Mark setting in the Modes input form
((5HIFT) MODES) is set to Comma, use [] instead of [].

OLYE MUMERIC VIE

y:
U 16,67
A
168

EMTER VALLUE OF PRE:: SOLVE

Solve the 5. Solve for the unknown variable (4).
unk.nown @ [z] OLYE MUMERIC VIE
variable - 2r.
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/s2.
Because the variable A in the equation is linear we
know that we need not look for any other solutions.
Plot the The Plot view shows one graph for each side of the
equation selected equation. You can choose any of the
variables to be the independent variable.
The current equation is > = U + 24L.
One of these is ¥ = V* , with V' = 27.78, that is,
Y = 771.7284 . This graph will be a horizontal line.
The other graph will be ¥ = U7 + 24D, with
U = 16.67 and D = 100, that is,
Y = 2004 +277.8889 . This graph is also a line. The
desired solution is the value of A where these two
lines intersect.
Solve aplet 7-3
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6. Plot the equation for variable 4.

Select Auto

Scale
ol
R 0 E1:771.7284 [EIEM
7. Trace along the graph
representing the left
side of the equation A
until the cursor nears
the intersection. ol £ 7717284 T

(»] = 20 times

Note the value of A displayed near the bottom left
corner of the screen.

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

Solve aplet’s NUM view keys
The Solve aplet’'s NUM view keys are:

Key Meaning

EDIT Copies the highlighted value to the
edit line for editing. Press E® when
done.

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

FHGE] Displays other pages of variables, if
any.

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

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

7-4 Solve aplet
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Key Meaning (Continued)

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

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

Use an initial guess

You can usually obtain a faster and more accurate
solution if you supply an estimated value for the unknown
variable before pressing . 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 select an initial guess when you don’t know the range
in which to look for the solution. See “Plotting to find
guesses” on page 7-7 for further information.

HINT  Aninitial 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.

Number format  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,
Engineering, Fraction and Mixed Fraction. For all except
Standard, you also specify how many digits of accuracy
you want. See “Mode settings” on page 1-10 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 7-5
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Interpreting results

After Solve has returned a solution, press [EIZ3 in the
Numeric view for more information. You will see one of
the following three messages. Press to clear the

message.
Message Condition
Zero The Solve aplet found a point where

Sign Reversal

Extremum

both sides of the equation were
equal, or where the expression was
zero (a root), within the calculator's
12-digit accuracy.

Solve found two points where the
difference between the two sides of
the equation has opposite signs, but
it cannot find a point in between
where the value is zero. Similarly,
for an expression, where the value
of the expression has different signs
but is not precisely 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 or difference is closer to zero.
If the equation or expression is
continuously real, this point is
Solve's best approximation of an
actual solution.

Solve found a point where the value
of the expression approximates a
local minimum (for positive values)
or maximum (for negative values).
This point may or may not be a
solution.

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

Note that the value returned is
probably not valid.

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

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.

HINT ltis 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.

The Root-Finder  You can watch the process of the rootfinder calculating
at work and searching for a root. Immediately after pressing
to start the root-finder, press any key except .
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 rootfinder 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.

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 difficultto-find or multiple solutions.

Consider the equation of motion for an accelerating

body:

AT?

X=VT+

Solve aplet 7-7
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where Xis distance, Vj is initial velocity, Tis time, and A
is acceleration. This is actually two equations, Y = X and
Y=V,T+(AT?) /2.

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

1. Select the Solve aplet and enter the equation.

Select Solve

ALPHA SOLYE SYMEBOLIC VIEW

XH e

vV

'@ : .
[ ENT [#CHE] = | [HOM] EVAL |

A

] T )2 m=

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

NUM Z0LVE MUMERIC VIE|

30 (ENTER)
2 (ENTER)

EMTEE VYALUE OF PRE:Z ZOLVE

E] 4 JEMT[IMNFD [ |  [DEFH[:OLVE]
(¥ [¥) to highlight T

3. Use the Plot view to find an initial guess for T. First set
appropriate X and Y ranges in the Plot Setup. With
equation X =Vx T+ Ax T? /2, the plot will produce
two graphs: one for ¥ = X and one for
X=VxT+A4xT?/2. Since we have set X = 30 in
this example, one of the graphs will be ¥ = 30.
Therefore, make the YRNG -5 to 35. Keep the xRNG
default of -6.5 10 6.5.

SETUP-PLOT SOLVE PLOT 3ETU
: . 6.3
&) [©) 5 [NE) 35 3

kEx: Detail

ENTEE HORIZONTAL TICK SPACING
EnT] | FRGEW® ] [ |

4. Plot the graph.

7-8 Solve aplet
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5. Move the cursor near the positive (right-side)
intersection. This cursor value will be an initial guess

for T.

Press (»] until the Y i
cursor is at the

intersection.

The two points of Tiam El:30 =

infersection show that

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 SOLVE NUMERIC WIER
view.

NUM

EWTER YALUE OF PRESS SOLVE
[ikFo [ | [DEFN [ZOLVE

Note: the T-value is filled in with the position of the
cursor from the Plot view.

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

E=0LUE OLYE MWUMERIC YIEW
L'H
T EPEE
B

EMTER YALUE OF PRES: ZOLVE
EDIT [INFO [ | [DEFM [SOLVE]

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/s2. Leave the last value of V as
the initial guess.

3(ENTER] (4] (4] (&) OLVE WUMERIC YIEH
50 = <
ZOLUE
ENTEE YALUE O PRESS SOLYE
[EDT [INFO | |  [CEFH [ZOLVE]
Solve aplet 79
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Using variables in equations

Home variables

HINT

Aplet variables

You can use any of the real variable names, A to Z and
0. 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, t{mt value is applied to Tin all
other contexts (until it is changed again).

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

As the Solve aplet uses existing variable values, be sure
to check for existing variable values that may affect the
solve process. (You can use (SHIFT] CLE4R 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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4

Linear Solver aplet

About the Linear Solver aplet

The Linear Solver aplet allows you fo solve a set of linear
equations. The set can contain two or three linear
equations.

In a two-equation set, each equation must be in the form
ax+by = k.lna three-equaﬁon set, each equation must
be in the form ax+by+cz = k.

You provide values for a, b, and k (and c in three-
equation sets) for each equation, and the Linear Solver
aplet will attempt to solve for x and y (and z in three-
equation sets).

The hp40gs will alert you if no solution can be found, or
if there is an infinite number of solutions.

Note that the Linear Solver aplet only has a numeric view.

Getting started with the Linear Solver aplet

The following example defines a set of three equations
and then solves for the unknown variables.

Open the 1. Open the Linear Sequence aplet.
Linear Solver SelectLinear
aplet Solver

[nFinite nunber of solutions
The Linear Equation

EDIT | 252 =l 3H3
Solver opens.

Choose the 2. Ifthe last time you used

= LINEAFR ECLUATION SOLVE

; the Li Sol let He o B
equation set e Linear Solver aple g o

B i B v

you solved for two
equations, the two-
equation input form is
displayed (as in the

ﬁ%
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example in the previous step). To solve a three-

equation set, press EEEEM. Now the input form
displays three equations.

If the three-equation input form is displayed and you want
to solve a two-equation set, press IEEEN.

In this example, we are going fo solve the following
equation set:

6x+9y+6z =75
7x+10y+8z = 10
6x+4y = 6

Hence we need the three-equation input form.

Define and 3. You define the equations you want fo solve by
solve the entering the co-efficients of each variable in each

: equation and the constant term. Notice that the cursor
equations is immediately positioned at the co-efficient of x in the

first equation. Enter that co-efficient and press BE or

4. The cursor moves to the next co-efficient. Enter that co-
efficient, press BIA or [ENTER), and continue doing
likewise until you have defined all the equations.

Note: you can enter the name of a variable for any
co-efficient or constant. Press and begin
entering the name. The IEMHE menu key appears.
Press that key to lock alphabetic entry mode. Press it
again to cancel the lock.

Once you have entered
LIMERE EGURTION =OLVER

enough values for the Ear S G
4+ 1@ v 2e=lB

solver to be al?le to . -
generate solutions, ‘ V=-1.G6ERE 2=3.377733
those solutions appear
on the display. In the
example at the right,
the solver was able to find solutions for x, y, and z as
soon as the first co-efficient of the last equation was
entered.

8-2 Linear Solver aplet
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As you enter each of
the remaining known & q e

values, the solution L 1o
changes. The example  f=z.16668s v=-z.25

at the right shows the
final solution once all
the co-efficients and

constants are entered for the set of equations we set

out to solve.

Linear Solver aplet
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Triangle Solve aplet

About the Triangle Solver aplet

The Triangle Solver aplet allows you to determine the
length of a side of a triangle, or the angle at the vertex of
a triangle, from information you supply about the other
lengths and/or other angles.

You need to specify at least three of the six possible
values—the lengths of the three sides and the size of the
three angles—before the solver can calculate the other
values. Moreover, at least one value you specify must be
a length. For example, you could specify the lengths of
two sides and one of the angles; or you could specify two
angles and one length; or all three lengths. In each case,
the solver will calculate the remaining lengths or angles.

The HP 40gs will alert you if no solution can be found, or
if you have provided insufficient data.

If you are determining the properties of a right-angled
triangle, a simpler input form is available by pressing the
A3l menu key.

Note that the Triangle Solver aplet only has a numeric
view.

Getting started with the Triangle Solver aplet

The following example solves for the unknown length of
the side of a triangle whose two known sides—of lengths
4 and 6—meet at an angle of 30 degrees.

Before you begin: You should make sure that your angle
measure mode is appropriate. If the angle information
you have is in degrees (as in this example) and your
current angle measure mode is radians or grads, change
the mode to degrees before running the solver. (See
“Mode settings” on page 1-10 for instructions.) Because
the angle measure mode is associated with the aplet, you
should start the aplet first and then change the sefting.

Triangle Solve aplet

9-1
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Open the
Triangle
Solver aplet

Choose the
triangle type

Specify the
known values

3.

. Open the Triangle Solver aplet.

Select

Triangle Solver
ill 3 eut ofF & values

The Triangle Solver ntor Lenath of side
aplet opens.

Note: if you have already used the Triangle Solver,
the entries and results from the previous use will still
be displayed. To start the Triangle Solver afresh, clear
the previous entries and results by pressing
CLEAR.

If the last time you used
the Triangle Solver
aplet you used the
right-angled friangle
input form, that input
form is displayed
again (as in the
example at the right). If the triangle you are
investigating is not a right-angled triangle, or you are
not sure what type it is, you should use the general
input form (illustrated in the previous step). To switch
to the general input form, press FERE-

If the general input form is displayed and you are
investigating a right-angled triangle, press IZZEA fo
display the simpler input form.

Using the arrow keys, move to a field whose value
you know, enter the value and press B or [ENTER).

Repeat for each known value.

Note that the lengths of
the sides are labeled
A, B, and C, and the
angles are labeled ¢,
£ and &. It is important
that you enter the
known values in the
appropriate fields. In our example, we know the
length of two sides and the angle at which those
sides meet. Hence if we specify the lengths of sides A
and B, we must enter the angle as & (since §is the
angle where A and B meet). If instead we entered the

9-2
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lengths as B and C, we would need to specify the
angle as a. The illustration on the display will help
you determine where to enter the known values.

Note: if you need to change the angle neasure mode,
press MODES, change the mode, and then
press [NUM) fo return to the aplet.

4. Press gmE. The solver
calculates the values of
the unknown variables
and displays. As the
illustration at the right
shows, the length of
the unknown side in our example is 3.2296. (The
other two angles have also been calculated.)

Note: if two sides and
an adjacent acute
angle are entered and
there are two solutions,
only one will be
displayed initially.

i | ALT |
In this case, an TRIANGLE ZOLVER

meny ke}/ is displayed 35.4152 ufgéE-EtEl
(as in this example). 10 - A b
YOU press 10 EGolution Found :
display the second mier angle :

solution, and
again to return to the
first solution.

Errors No solution with S—
given data : o=
. 3 =
!f you are using the general - 100
input form and you enter o ol with siuen dutg
more than 3 values, the itar Langth ek cids A

values might not be

consistent, that is, no

triangle could possibly have all the values you specified.
In these cases, No sol with given data appearson
the screen.

The situation is similar if you are using the simpler input
form (for a right-angled triangle) and you enter more than
two values.

Triangle Solve aplet 9-3

- 4~ ~¢|0




% é hp40g+.book Page 4 Friday, December 9, 2005 1:03 AM

Not enough data

If you are using the general
input form, you need to
specify at least three values

i ot enough data
for the Triangle Solver to nter Length of side E

be able to calculate the
remaining attributes of the
triangle. If you specify less than three, Not enough
data appears on the screen.

If you are using the simplified input form (for a right-
angled triangle), you must specify at least two values.

In addition, you cannot specify only angles and no
lengths.
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Statistics aplet

About the Statistics aplet

The Statistics aplet can store up to ten data sets at one
time. It can perform 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
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 Sales ($)
(independent, x) (dependent, y)

2 1400

1 920

3 1100

5 2265

5 2890

4 2200

% Statistics aplet 10-1
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Open the 1. Open the Statistics aplet and clear existing data by
Statistics aplet pressing [FEEE -

Select statistics

[\ E 3]

EDNT | INE [SORT] EIG [IVARE[STATS]

The Statistics aplet
starts in the Numerical
view.

1VAR/2VAR
menu key label

At any time the Statistics aplet is configured for only
one of two types of statistical explorations: one-

variable (FMIEEA) or two-variable (EIEEA ). The 5th
menu key label in the Numeric view toggles between
these two options and shows the current option.

2. Select EIETD .

You need to select HIET because in this example
we are analyzing a dataset comprising two
variables: advertising minutes and resulting sales.

Enter data 3. Enter the data info the columns.

2 (ENTER) 1 (ENTER)
3 ((NTER) 5 (ENTER)
5 (ENTER) 4 (ENTER]

(») to move to the next
column

1400 [ENTER) 920 [ENTER]
1100 2265
2890 2200

102 Statistics aplet
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Choose fit and 4. Select a fit in the Symbolic setup view.

da'a columns SHIFT) SETUP-SYMB BRI STATISTICE SYMBOLIC SETUP 0
ANGLE MERZURE: Radians
B inea- EETRTTET
E] O S!FIT:L:i_near' SFIT:Linear
Select Linear 3EFT:Linear

CHOOZE STRTISTICE MODEL TYRE
| fchoos] | [ |

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

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

analyze.

YRS STATISTICS SYMEOLIC WIEW HE
+ 511 [l

You could have entered *’Eét Lfm#k+h

your data into columns Fit2: mek+h v

other than c1 and c2. EMTER INDEREDENT

EDIT |« CHE| €

Explore statistics 6. Find the mean advertising time (MEANX) and the
mean sales (MEANY).

MEANX is 3.3 minutes

and MEANY is about
$1796 M EE R EEEE]
: I I A A T

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

(v] 9 times
The value is .8995.

Statistics aplet 10-3
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Serp plOf 8. Change the plotting range to ensure all the data
points are plotted (and select a different point mark, if
you wish).

(SHIFT)SETUP-PLOT EHIHE STATISTICE PLOT SETU
HENG: -2 v
YENG: - 1 EE 4BEE
E] 7 $1MHRK== ZEMARK: = ZIMARK: 4
'lOo SYMARK: 17 SSMARE: 30

CHODZE MAKK FOR SCATTER PLOT
cHOD=] _FAGE ¥ | |

4000

Plot the graph 9. Plot the graph.

+
10 112, 1400
Draw the 10.Draw the regression curve (a curve fo fit the data
regression curve points).

This draws the

regression line for the e e MR [
best linear fit.

DiSple the 11.Return to the Symbolic view.

equation for
best linear fit

SEHIE STATISTICE SYMEOLIC VIEW S

¥51: cz

v Eét 15425, 87 3%5+3706.,
Fit2:mei+h v

EMTER IMDEPENDENT

N T A O T T

12.Display the equation for the best linear fit.

(v] to move to the

FITL field 425, BV IH+ETE. 25
ETSHAETE,

EHO

The full F1T1 I —— —
expression is shown.

The slope (m) is 425.875. The y-intercept (b) is
376.25.

104 Statistics aplet
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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 A
Stat-Two) 2981.5
(> (] (to highlight
PREDY)
o 6
14.Return to the Plot view.
(200 [TRACR]S0TO | FIT o] DEFH |

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

v) Eam
6
]

Observe the predicted
y-value in the left
bottom corner of the
screen.

#:8 PREDY:2831.5 [MEML |

Statistics aplet 105
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Entering and editing statistical data

The Numeric view ([Num) ) is used to enter data into the
Statistics aplet. Each column represents a variable named
CO to C9. After entering the data, you must define the
data set in the Symbolic view ( (symB) ).

HINT 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, L1 C1 stores a copy of the list L1 into the
data-column variable 1.

Statistics aplet’s NUM view keys

The Statistics aplet’s Numeric view keys are:

Key Meaning

EDIT Copies the highlighted item info the
edit line.

(144 2] 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.

EE Switches between larger and
smaller font sizes.

A toggle switch to select one-

B 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.

10-6 Statistics aplet
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Key Meaning (Continued)
DEL Deletes the currently highlighted
value.

cLe4r | Clears the current column or all
columns of data. Pregss

(SHIFT) cLEA4R to display a menu list,
then select the current column or all
columns option, and press [H .

Moves to the first or last row, or first

cursor key | or last column.

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.
Select

Statistics
FEZETN"YE =]

2. Enter the measurement
data.

160 nl G1 | Ce | &3 | Cd
165

170
175
180

Statistics aplet 10-7




% é hp40g+.book Page 8 Friday, December 9, 2005 1:03 AM

3. Find the mean of the
sample.

Ensure the /
EERA menu key label
reads FOETED. Press

to see the
statistics calculated from the sample data in C1.

Note that the title of the
column of statistics is
H1. There are 5 data
set definitions available
for one-variable
statistics: H1-H5. If
data is entered in C1, H1 is automatically set to use
C1 for data, and the frequency of each data point is
set to 1. You can select other columns of data from
the Statistics Symbolic setup view.

4. Press BA to close the S STATISTICE SYMEOLIC WIEW S5
statistics window and “'Hé %
press key to see Hat ! .
the data set definitions. | enTer sarpLe

EOT [WCHE] C | [SHOW]EVAL]

The first column

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

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

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

E or i Typing aid for the column variables
(@) or for the Fit expressions (g ).

10-8 Statistics aplet

4~ ~¢|0




7> é hp40g+.book Page 9 Friday, December 9, 2005 1:03 AM

Key Meaning (Continued)

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

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

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

Displays the menu for entering math
operations.

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

(SHIFT) CLEAR 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 1, we
shall simply add another column, 2, that holds the
frequencies of our five data points in C1.

Height Frequency

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

Statistics aplet 109
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5. Move the highlight bar
info the right column of

FERE STATISTICE SYMEBOLIC VIEW S5
wHi:zCl

the H1 definition and Eg_ i

replace the frequency Hdz ! M
value of T with the I e
name C2.

A2

6. Return to the numeric view.
NUM

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

)5 n| Cl | C2 | c3 | £4
1[1le0 H
2165 El

— e |

8

2 [ ECIT | NS | S0RT| EIG J1VARs[STAT:]

1

8. Display the computed
statistics.
The mean height is

approximately
167.63cm.

9. Setup a histogram plot for the data.

FEEE STATISTICS PLOT SETUP
STATPLOT: Hist  HWIDTH: 5
HEMG: 168 183

VEMG: =2
HEWG: 168

ENTER FAHIMUM HISTOGRAM VALUE
[EnIT| | PAGEW [ |

SETUP-PLOT

Enter set up information
appropriate to your
data.

185

10.Plot a histogram of the data.

H1: [160..165) F: 5§ [HEMLI |
Save data 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 ), or you can switch fo
another aplet or HOME.

10-10 Statistics aplet
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Edit a data set In the Numeric view of the Statistics aplet, highlight the
data value to change. Type a new value and
press , Or press to copy the value to the edit
line for modification. Press after modifying the
value on the edit line.

Delete data + To delete a single data item, highlight it and press
(BEL]. 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 CLEAR. Select the column
name.

+ To delete all columns of data, press CLEAR.
Select A11 columns.

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

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

2. Specify the Sort Order. 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 B4 -

Statistics aplet 10-11
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Defining a regression model

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 Symbolic
view. This expression will be plotted, but it will not be
fitted fo the data points.

Angle Setting 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.

To choose the fit 1. In Numeric view, make sure EIETD is set.

2. Press (SHIFT)sETuP-sYMB to display the Symbolic Setup
view. Highlight the Fit number (S1IFIT to S5FIT) you
want to define.

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

Fit models Ten 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 Fits to an exponential curve,
y = be™.
Power Fits fo a power curve, y = bx™
10-12 Statistics aplet
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Fit model Meaning (Continued)

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,

oL
1+ae™

where Lis the saturation value for

growth. You can store a positive

real value in I, or—if [=0—let L

be computed automatically.

Exponent Fits to an exponent curve,
y = ab” .

Trigonometric | Fits to a trigonometric curve,
y = a-sin(bx+c)+d . Needs
at least three points.

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

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

N

Display the Symbolic view.

3. Highlight the Fit expression (Fit1, efc.) 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.

Statistics aplet 10-13
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Computed statistics

One-variable

Statistic Definition

NX Number of data points.

TOTE Sum of data values (with their

frequencies).

MEANX Mean value of data set.

PVARY Population variance of data set.

SVARE Sample variance of data set.

PSDEV Population standard deviation of

data set.

SSDEV Sample standard deviation of data

set.

MINZ Minimum data value in data set.
01 First quartile: median of values to
left of median.

MEDIAN Median value of data set.

03 Third quartile: median of values to

right of median.

MAXE Maximum data value in data set.
When the data set contains an odd number of values, the
data set’s median value is not used when 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.

10-14 Statistics aplet
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Two-variable

Plotting

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 y%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 O to 1, where
1 is the best fit.

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

You can plot:

+ histograms (PIETD)
+  box-and-whisker plots ( HIET)

+ scatfer plots (EIER ).

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

Statistics aplet
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To plot statistical
data

Plot types

Histogram

Box and
Whisker Plot

1. In Symbolic view ([svms) ), select (ERmA ) the data

sets you want fo plot.

2. For one-variable data (HIEED), select the plot type in
Plot Setup ((sriFT) SETUP-PLOT). Highlight STATPLOT,
press [@IIHH , select either Histogram or

BoxWhisker, and press A .

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 by adjusting the HWIDTH sefting.

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

.

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

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

HL: [0..2)

F:1 [HEHL |

frequency for this column, (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 (where the cursor
is), and the third quartile.

i

1
HIH

HLMED: 13

[HEHL|

The right whisker marks the maximum data value. The
numbers below the plot mean that this column has a

median of 13.

$ 10-16
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Scatter Plot Two-variable statistics.
The numbers below the plot
indicate that the cursor is at .
the first data point for S2, ot |, -«
(1, 6). Press (») to move to
the next data point and
display information about it.

220 1X:1. 6 [MEML |

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. s2r 111 EEm

Fitting a curve to 2VAR data

In the Plot view, press @M . This draws a curve to fit the
checked two-variable data set(s). See “To choose the fit”
on page 10-12.

HEHL] .
FIT P
+
2L 1)L 6 EE
EEHE STATISTICE SYMEODLIC VIEW 35S
s1:C1 cz
Fitl:2.12195121951.
w2 03 Cd
wFit 2 EEEEE =T
EMTER UZER DEFIMED FIT
Leo brond T Tsinaleva ]
=Hitk |
The expression in Fit?2
oo 1.980B2191781 H+2., 2657
slope=1.98082191781
and the y- L[ [ I | [0k

intercept=2.2657.

Correlation The correlation coefficient is stored in the CORR variable.

coefficient It is a measure of fit o a linear curve only. Regardless of
the Fit model you have chosen, CORR relates to the linear
model.

Statistics aplet 1017
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Relative Error 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.

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.

HINT  Inorder o access the CORR and RELERR 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.

Setting up the plot (Plot setup view)

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:

Plot type (1VAR) STATPLOT enables you to specify either a histogram or
a box-and-whisker plot for one-variable statistics (when
EUET is sef). Press EEEE fo change the highlighted
setting

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

Histogram range 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.

Plotting mark S1MARK through S5MARK enables you to specify one of
(2VAR) five symbols to use to plot each data set. Press EIEEHE to
change the highlighted setting.

Connected points CONNECT (on the second page), when checkmarked,
(2VAR) 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.

10-18 Statistics aplet
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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).

Trouble-shooting a plot

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

«  The correct or EIEE] 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 EIEE mode, ensure that both paired columns contain
data, and that they are the same length.

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

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

~

ey Meaning

(SAIFT)cLEAR | 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.

(]
SHIFT) [»]
% Statistics aplet 10-19
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Key Meaning (Continued)
IR Displays ZOOM menu.
TRALE Turns trace mode on/off. The white

box appears next to the option when
Trace mode is active.

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

(2var Enables you to specify a value on the
statistics only) | line of best fit to jump to or a data
point number to jump to.

[[EFH] Displays the equation of the
regression curve.

HEML Hides and displays the menu key
labels. When the labels are hidden,
any menu key displays the (x,y)
coordinates. Pressing [EEZM
redisplays the menu labels.

Calculating predicted values

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.

Find predicted 1. In Plot view, draw the regression curve for the data
values set

2. Press (Y] to move to the regression curve.

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

of Y.
In HOME:
+  Enfer PREDX(y-value) to find the predicted

value for the independent variable given a
hypothetical dependent value.

% 10-20 Statistics aplet %
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+  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.

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

Statistics aplet 1021
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11

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 infervals for the
following quantities:

*  mean
* proportion
 difference between two means

* difference between two proportions

When you first access an input form for an Inference fest,
by default, the input form contains example data. This
example data is designed to return meaningful results that
relate fo 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.

Getting started with the Inference aplet

Open 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.

1. Open the Inference aplet.

APLET
S INF STAT SYMEDLIC VIEW

Select Inference A FUTH TEST

. ' TRE E-Test: 1 n
STHETE ALT HYPOTH: psp B

Choozg an inFerantial Hethod

The Inference aplet
opens in the Symbolic
view.

Inference aplet
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Inference aplet’s SYMB view keys

The table below summarizes the options available in
Symbolic view.

Hypothesis
Tests

Confidence Intervals

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

Z: uy — o, the
Z-Test on the
difference of two
means

Z: 1, the Z-Test
on 1 proportion

Z: 7l — 2, the
Z-Test on the
difference in two
proportions

T: 1, the T-Teston
1 mean

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

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

Z-nt: py — po, the confidence
interval for the difference of
two means, based on the
Normal distribution

Z-nt: 1 7, the confidence
interval for 1 proportion,
based on the Normal
distribution

Z-Int: 11 — 72, the confidence
interval for the difference of
two proportions, based on the
Normal distribution

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

T-nt: uy — py, the confidence
interval for the difference of
two means, based on the
Student's t-distribution

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.

Inference aplet




% é hp40g+.book Page 3 Friday, December 9, 2005 1:03 AM é

Select the 2. Select the Hypothesis Test inferential method.
Inferenhal WS INF STRT SYMEDLIC WIE
method Select HYPOTH TEST NETH T

TYFE

ALt COMHF THTERWAL

Choose an inFerential Hethod

|| [iANCL] OK |

3. Define the type of test.

b2 (v)
CHIE
Z-Test: T it |2-Test: PL-P2
chos T-Test: 1 p v
| 1 T 1 JiaMil] DK |

4. Select an alternative hypothesis.

mE (v) MF STRT SYMEOLIC VIEH

WeTHAD: HYPOTH TEST
LI TWFE:  Z-Test: 1 p
p< po LT HvEoTH : TERTIEIIN

] Choose altarnativg hypothesis

Enter data 5. Enter the sample statistics and population
parameters.

(SHIFT) setup-NUM

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

Field Definition
name
uo Assumed population mean
c Population standard deviation
% Sample mean
n Sample size
o Alpha level for the test
Inference aplet 113
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By default, each field already contains a value.
These values constitute the example database and

are explained in the EIEER feature of this aplet.

DiSp'Gy On-lil"le 6 TO dlSpIOy the on-|ine Tasts the null hypothesiz that

) thf, popuu}ution_ne%ntas an assuHed
help help, press [TZH3 I I N

. Exanple_data
7. To c|ose ihe on-||ne help, B set of S randoH nubecs Fro O
to 1, generated hg a_calculator,

0. HE1ZE2. The

press m . has 9 Hean oF

DiSplCly test 8. Display the test results in numeric format.
results in

NUM INF 2THT MWUMERIC VIE

numeric format o rest 5o Bagzom4
The test distribution value | erab=. 1726515
and its associated Bhirpst T v v -

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.

Plot test results 9. Display a graphic view of the test results.

PLOT i
0 2
. -1.544854 «CRIT. 2
Horizontal axes are Test 22-, 4205
presented for both the _qaaﬁ‘qg';:ﬁ:ﬁ_ :
. bl

distribution variable and _—mﬂ—l—l—'fn
the test statistic. A

generic 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

The Inference aplet supports the calculation of confidence
infervals 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.
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A calculator produces the following 6 random numbers:

0.529, 0.295, 0.952, 0.259, 0.925, and 0.592

Open the 1. Open the Statistics aplet and reset the current
Statistics aplet seffings.

(APLET] Select m| Cl | CZ | C2 | C4
1

Statistics

[FESET
ETHET

The Statistics aplet opens in the Numeric view.

Enter data 2. In the C1 column, enter the random numbers
produced by the calculator.
(529
()295
(952
0259
0925
0592

HINT  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 : is displayed
as its menu label.

Calculate 4. Calculate statistics.
statistics

STHEE

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 fo construct a confidence interval for
the true mean of the population of random numbers
and see whether or not this interval contains 0.5.

5. Press to close the computed statistics window.

Inference aplet 115
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Open the Inference aplet and clear current settings.

Select

Inference

STHRT

S IMF STAT SYMEOLIC WIE
LAGNEH'FOTH TEST
TVFE:  Z-Test: 1 p
HLT HYFOTH: p< p @

Chowse an inFerential Hethod
|CHOD:]

Select an inference method.

[CHOOE
Select CONF INTERVAL

o=

SR IMF STAT SYMEOLIC VIE
LIAGMECOHF IMTERVAL
TFE:  Z=IMT: 1 p

Chooze an inFarential Hethod

Select a distribution statistic type.

v
Select T-Int: 1p

K]

N IMF STAT SYMEDLIC WIEK &

HETHID: COMF IMTERMAL
WA T-THT: 1 .

Chopsg distribution statistic

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

help example.

Setup-NUM

MF ETHT MUMERIC ZETUP #E#

SAHpLe HRan

| [HELP[IMPRT] |

Inference aplet
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Import the data 10.Import the data from the Statistics aplet. Nofe: The
data from C1 is displayed by default.

IFFET IMPORT $AMPLE STAT
92

. . n: &
Note: Press tosee ;. Togmggas

the statistics before COLUAR:

importing them info the |statimport sata comn
Numeric Setup view.

Also, if there is more than one aplet based on the
Statistics aplet, you are prompted to choose one.

{F_STAT MUMERIC ZETUP HHHE
. 592
s, 2978442546835
n: &
;.99
SaHpLE HEan

11.Specify a 90%

confidence interval in the C: field.

(v] (¥]) (¥] to move to

F_ETAT MUMERIC ZETLP S5
a2

the C: field sxr . POTS44E54603
n: &
0.9 C:o,3

ZAHpLE HRAn

DiSple Numeric  12.Display the confidence inferval in the Numeric view.
view Note: The interval setting is 0.5.

NUM MF ZTAT NU;lEHl': VIEW
critical T=22. B15E48
koHin =, 2459214
woHax =, BEVEL1EE
DISplCIy Plot 13.Display the confidence interval in the Plot view.

view
N

-2.015048 €CRIT. T+ 2.015048
3MEIEI £ 9% I+ BIFO1AR

You can see, from the "
second text row, that the T T EE ——
mean is contained within the 90% confidence
interval (Cl) of 0.3469814 to 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.

Inference aplet 11-7
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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 40gs hypothesis tests use the Normal
Z-distribution or Student's t-distribution to calculate
probabilities.

One-Sample Z-Test

Menu name ZTest: 1 u

On the basis of statistics from a single sample, the
One-Sample Z-Test measures the strength of the evidence
for a selected hypothesis against the null hypothesis. The
null hypothesis is that the population mean equals a
specified value Hy: p = p.

You select one of the following alternative hypotheses
against which fo fest the null hypothesis:

Hjtpy <y,
Hytpy>p,
Hyipy #p,
Inputs The inputs are:
Field name Definition
b3 Sample mean.
n Sample size.
1o Hypothetical population mean.
c Population standard deviation.
o Significance level.

% 11-8 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.

Critical % Boundary values of x required
by the o value that you
supplied.

Two-Sample Z-Test
Menu name ZTest: pl-p2

On the basis of two samples, each from a separate

opulation, this test measures the strength of the evidence
E)r a selected hypothesis against the null hypothesis. The
null hypothesis is that the mean of the two populations are
equal (Hg: pl1= p2).

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

Hip <y,
Hyipy>p,
Hyipy#p,
Inputs The inputs are:
Field name Definition
%1 Sample 1 mean.
%2 Sample 2 mean.
nl Sample 1 size.
n2 Sample 2 size.
ol Population 1 standard
deviation.
Inference aplet 119
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Field name Definition

G2 Population 2 standard
deviation.

o Significance level.

Results The results are:

Result Description

Test Z Z-Test statistic.

Prob Probability associated with the
Z-Test statistic.

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

One-Proportion Z-Test

Menu name ZTest: 1nt

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: Hy:n=mng

You select one of the following alternative hypotheses
against which fo fest the null hypothesis:

H:m<m,
H:t>m,

H:m#m,

11-10 Inference aplet
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Inputs The inputs are:
Field name | Definition
X Number of successes in the sample.
n Sample size.
o Population proportion of successes.
a Significance level.
Results The results are:
Result Description
Test P Proportion of successes in the sample.
Test Z Z-Test statistic.
Prob Probability associated with the Z-Test
statistic.
Critical Z Boundary value of Z associated with
the level you supplied.

Two-Proportion Z-Test

Menu name ZTest: n1 — 12

On the basis of statistics from two samples, each from a
different population, the Two-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
HO: T = m).

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

Him <mn,
Him,>mn,

Hyim,#m,

Inference aplet 1111
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Inputs The inputs are:
Field name Definition
x1 Sample 1 mean.
X2 Sample 2 mean.
nl Sample 1 size.
n2 Sample 2 size.
o Significance level.
Results The results are:
Result Description
Test n1-n2 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 a. level that
you supplied.

One-Sample T-Test

Menu name

T-Test: T

The One-sample T-Test is used when the population

standard deviation is not known. On the basis of statistics
from a single sample, this test measures the strength of the
evidence for a selected hypothesis against the null
hypothesis. The null hypothesis is that the sample mean
has some assumed value,

Ho =y

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

Hitp<p,g
Hyip>pg
Hyip#p,

1112 Inference aplet
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The inputs are:

Field name

Definition

X
Sx
n

uno

o

Sample mean.

Sample standard deviation.
Sample size.
Hypothetical population mean.

Significance level.

The results are:

Result Description

Test T T-Test statistic.

Prob Probability associated with the
T-Test statistic.

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

Critical % Boundary value of % required
by the o value that you
supplied.

11-
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Two-Sample T-Test

Menu name T-Test: p1 — p2

The Two-sample T-Test is used when the population
standard deviation is not known. On the basis of statistics
from two samples, each sample from a different

opulation, 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 Ho: py = py.

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

Hytpy <p,
Hytpy > 1y
Hypp=p,
Inputs The inputs are:
Field Definition
name
21 Sample 1 mean.
) Sample 2 mean.
s1 Sample 1 standard deviation.
S2 Sample 2 standard deviation.
nl Sample 1 size.
n2 Sample 2 size.
a Significance level.
_Pooled? | Check this option to pool samples
based on their standard deviations.

11-14 Inference aplet
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Results The results are:
Result Description
Test T T-Test statistic.
Prob Probability associated with the T-Test
statistic.
Critical T Boundary values of T associated with
the o level that you supplied.

Confidence intervals

The confidence interval calculations that the HP 40gs can
perform are based on the Normal Z-distribution or
Student’s t-distribution.

One-Sample Z-Interval

Menu name ZINT: p 1

This option uses the Normal Z-distribution to calculate a
confidence interval for m, the true mean of a population,
when the true population standard deviation, s, is known.

Inputs The inputs are:
Field Definition
name
% Sample mean.
c Population standard deviation.
n Sample size.
C Confidence level.

- 4~ 4
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Results The results are:
Result Description
Critical Z Critical value for Z.
L min Lower bound for p.
1 max Upper bound for p.

Two-Sample Z-Interval

Menu name ZINT: pl-p2

This option uses the Normal Z-distribution to calculate a
confidence interval for the difference between the means
of two populations, p;—p,, when the population standard
deviations, o1 and 5, are known.

Inputs The inputs are:
Field Definition
name
%1 Sample 1 mean.
%2 Sample 2 mean.
nl Sample 1 size.
n2 Sample 2 size.
cl Population 1 standard deviation.
62 Population 2 standard deviation.
o Confidence level.
Results The results are:
Result Description
Critical Z Critical value for Z.
A p Min Lower bound for p; — p,.
A u Max Upper bound for p; — p,.

1116 Inference aplet
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One-Proportion Z-Interval

Menu name ZINT: 1 =

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, 1, has
a number of successes, x.

Inputs The inputs are:
Field Definition
name
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 .
7 Max Upper bound for .

Two-Proportion Z-Interval

Menu name ZINT: =1 - =2

This option uses the Normal Z-distribution fo calculate a
confidence interval for the difference between the
proportions of successes in two populations.

Inputs The inputs are:
Field Definition
name
%1 Sample 1 success count.
%2 Sample 2 success count.

Inference aplet 1117 %
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Field Definition (Continued)
name
nl Sample 1 size.
n2 Sample 2 size.
c Confidence level.
Results The results are:
Result Description

Critical Z Critical value for Z.

A1 Min Lower bound for the difference between
the proportions of successes.

A 1 Max Upper bound for the difference between
the proportions of successes.

One-Sample T-Interval

Menu name TINT: 1 pn

This option uses the Student's t-distribution to calculate a
confidence interval for m, the true mean of a population,
for the case in which the true population standard
deviation, s, is unknown.

Inputs The inputs are:
Field Definition
name
21 Sample mean.
Sx Sample standard deviation.
n Sample size.
c Confidence level.
1118 Inference aplet
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Results The results are:
Result Description
Critical T Critical value for T.
u Min Lower bound for .
p Max Upper bound for p.

Two-Sample T-Interval

Menu name TINT: p1 = p2

This option uses the Student’s tdistribution to calculate a
confidence interval for the difference between the means
of two populations, u1 - p2, when the population
standard deviations, sTand s2, are unknown.

Inputs The inputs are:

Field Definition

name

%1 Sample 1 mean.

%0 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.

Inference aplet 1119
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Results The results are:
Result Description
Critical T Critical value for T.

A pMin Lower bound for p1 — po.

A p Max Upper bound for uy — po.

11-20 Inference aplet
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Using the Finance Solver

Background

The Finance Solver, or Finance aplet, is available by
using the APLET key in your calculator.  Use the up and
down arrow keys to select the Finance aplet. Your screen
should look as follows:

MR APLET LIERakY SEMEERETR!
Palar HrE &
SequeEnce BkE
Sg]ue AEE

Finance

Statistics akE w
| £hYE |RESET] SORT | ZERWD | KECY [ZTART]

Press the key or the soft menu key to
activate the aplet. The resulting screen shows the different
elements involved in the solution of financial problems
with your HP 40gs calculator.

FESEEETIME VALUE OF MOMEY S5555E

M: 1vh:

L LER = 55
PHMT: 3, AE RetR: 12
Fy:  E. AR End

EWTEF WO. OF PrYHEMT= OF ZOLYVE
EDT] | AHMORT W]  [SOLVE]

Background information on and applications of financial
calculations are provided next.

The Finance Solver application provides you with the
ability of solving time-value-of-money (TVM) and
amortization problems. These problems can be used for

calculations involving compound interest applications as
well as amortization tables.

Compound interest is the process by which earned
inferest on a given principal amount is added fo the
principal at specified compounding periods, and then the

Using the Finance Solver
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combined amount earns interest at a certain rate.
Financial calculations involving compound interest
include savings accounts, mortgages, pension funds,
leases, and annuities.

Time Value of Money (TVM) calculations, as the name
implies, make use of the notion that a dollar today will be
worth more than a dollar sometime in the future. A dollar
today can be invested at a certain interest rate and
generate a return that the same dollar in the future cannot.
This TVM principle underlies the notion of interest rates,
compound inferest and rates of return.

TVM transactions can be represented by using cash flow
diagrams. A cash flow diagram is a time line divided into
equal segments representing the compounding periods.
Arrows represent the cash flows, which could be positive
(upward arrows) or negative (downward arrows),
depending on the point of view of the lender or borrower.
The following cash flow diagram shows a loan from a
borrower's point of view:

Present value (PV)

(Loan)
Money Equal periods
received is
. — A A A A
a positive

1 1 1 1
number '1121314151(%”

Money Payment Payment Payment Payment

paid out is (PMT)  (PMT)  (PMT)  (PMT) Future value
a negative (FV)
number Equal payments

On the other hand, the following cash flow diagram
shows a load from the lender's point of view:

Equal payments
I\

~ Ny Y
PMT  PMT  PMT PMT { oMT
— T
2 3 4 5

1
[ 5
Equal periods

PV

In addition, cash flow diagrams specify when payments
occur relative to the compounding periods: at the
beginning of each period or at the end. The Finance
Solver application provides both of these payment
modes: Begin mode and End mode. The following cash

122 Using the Finance Solver
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flow diagram shows lease payments at the beginning of
each period.

PV

Capitalized
value of
lease

111213i4i5j

PMT  PMT PMT PMT  PMT RV

The following cash flow diagram shows deposits into an
account at the end of each period.

As these cash-flow diagrams imply, there are five TVM

variables:
N The total number of compounding periods
or payments.
1%YR The nominal annual interest rate (or

investment rate). This rate is divided by
the number of payments per year (P/YR)
to compute the nominal interest rate per
compounding period - which is the
interest rate actually used in TVM
calculations.

The present value of the initial cash flow.
To a lender or borrower, PV is the amount
PV of the loan; to an investor, PV is the initial
investment. PV always occurs at the
beginning of the first period.

Using the Finance Solver 12-3
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The periodic payment amount. The
payments are the same amount each
period and the TVM calculation assumes
PMT that no payments are sk.ipped. Payments
can occur at the beginning or the end of
each compounding period - an option
you control by setting the Payment mode
to Beg or End.

The future value of the transaction: the
amount of the final cash flow or the
compounded value of the series of
previous cash flows. For a loan, this is the
2% size of the final balloon payment (beyond
any regular payment due). For an
investment this is the cash value of an
investment at the end of the investment
period.

Performing TVM calculations

1. Launch the Financial Solver as indicated at the
beginning of this section.

2. Use the arrow keys to highlight the different fields and
enter the known variables in the TVM calculations,

pressing the [@ soft-menu key after entering each
known value. Be sure that values are entered for at
least four of the five TVM variables (namely, N, 1%YR,
PV, PMT, and FV).

3. If necessary, enter a different value for P/YR (default
value is 12, i.e., monthly payments).

4. Press the key [+] to change the Payment mode (Beg
or End) as required.

5. Use the arrow keys to highlight the TVM variable you
wish to solve for and press the soft-menu key.

% 124 Using the Finance Solver %
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R

Example 1 - Loan calculations

Suppose you finance the purchase of a car with a 5-year
loan at 5.5% annual interest, compounded monthly. The
purchase price of the car is $19,500, and the down
payment is $3,000. What are the required monthly
payments? What is the largest loan you can afford if your
maximum monthly payment is $3002 Assume that the
payments start at the end of the first period.

Solution. The following cash flow diagram illustrates the
loan calculations:

PV = $16,500 Fv=0
1%YR = 5.5
N=5x12=60
P/YR = 12; End mode

2] Iwlel

PMT =2
Start the Finance Solver, selecting P/YR = 12 and End
payment option.

+  Enter the known TVM variables as shown in the
diagram above. Your input form should look as
follows:

4 STIME WALUE OF MOMEY
H: 58 IR 5, 5

P 16, 5AH. BA
pra7: CGEN ¢ 12
Fe: A.HA End

ENTEE PAYMENT AMIOUNT OR SOLYE
[E0T] [ AHORTW]  [SOLVE

+ Highlighting the PMT field, press the EENz soft
menu key fo obtain a payment of -315.17 (i.e., PMT
- $315.17).

+ To determine the maximum loan possible if the
monthly payments are only $300, type the value
—300 in the PMT field, highlight the PV field, and

press the soft menu key. The resulting value is
PV = $15,705.85.

Using the Finance Solver 125 %
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Example 2 - Mortgage with balloon payment

Suppose you have taken out a 30-year, $150,000 house
mortgage at 6.5% annual interest. You expect to sell the
house in 10 years, repaying the loan in a balloon
payment. Find the size of the balloon payment, the value
of the mortgage after 10 years of payment.

Solution. The following cash flow diagram illustrates the
case of the mortgage with balloon payment:

1%YR = 6.5

PV'=$150,000 N =30 x 12 = 360 (for PMT)
N =10 x 12 = 120 (for balloon payment)
P/YR = 12; End mode

DD

PMT = ¢
Balloon payment,

Fv=2

«  Start the Finance Solver, selecting P/YR = 12 and
End payment option.

+  Enter the known TVM variables as shown in the
diagram above. Your input form, for calculating
monthly payments for the 30-yr mortgage, should
look as follows:

TIME VALUE OF MOME

] 5,5
Py 15H. AFA, BA
pro: AP Feve 12

F: B.88 End

ENTER _PAYMENT RMIUNT OR SOLVE
[E0iT] | AMORT W]  [SOLVE]

+ Highlighting the PMT field, press the soft
menu key fo obtain a payment of -948.10 (i.e., PMT
—$948.10)

+ To determine the balloon payment or future value (FV)
for the mortgage after 10 years, use N = 120,
highlight the FV field, and press the soft menu
key. The resulting value is FV =-$127,164.19. The
negative value indicates a payment from the
homeowner. Check that the required balloon
payments at the end of 20 years (N=240) and 25
years (N = 300) are -$83,497.92 and
-$48,456.24, respectively.

% 126 Using the Finance Solver %
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Calculating Amortizations

Amortization calculations, which also use the TVM
variables, determine the amounts applied towards
principal and interest in a payment or series of payments.

To calculate amortizations:

1. Start the Finance Solver as indicated at the beginning
of this section.

2. Set the following TVM variables:
a Number of payments per year (P/YR)
b Payment at beginning or end of periods

3. Store values for the TVM variables 1%YR, PV, PMT,
and FV, which define the payment schedule.

4. Press the soft menu key and enter the
number of payments to amortize in this batch.

5. Press the IR soft menu key to amortize a batch of
payments. The calculator will provide for you the
amount applied fo interest, to principal, and the
remaining balance after this set of payments have
been amortized.

Example 3 - Amortization for home mortgage

For the data of Example 2 above, find the amortization of
the loan after the first 10 years (12x10 = 120 payments).
Pressing the soft menu key produces the
screen to the left. Enter 120 in the PAYMENTS field, and

press the IR soft menu key to produce the results
shown fo the right.

SRR M ORTIZE S | | R aMORTIZE SEERER
PRYMEHTS: FAYMENT:: 120

PRIMCIPAL: FRINCIPAL: PR E=F ]
INTEREST: INTERE:T:  -9@,935. 43
EALAMLCE: EALAWCE: 127, 1684.19

EWTER WO OF PHYMENTS TO WMOET

[EnT] o T¥r 6Py [aM0sIJLEDIT]T T TM0  JESPY [F0A]

To continue amortizing the loan:
1. Press the soft menu key to store the new
balance after the previous amortization as PV.

2. Enter the number of payments to amortize in the new

batch.

Using the Finance Solver
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3. Press the ERIRA soft menu key to amortize the new
batch of payments. Repeat steps 1 through 3 as
often as needed.

Example 4 - Amortization for home mortgage

For the results of Example 3, show the amortization of the
next 10 years of the mortgage loan. First, press the EEGEM
soft menu key. Then, keeping 120 in the PAYMENTS

field, press the ERIMA soft menu key to produce the resulis
shown below.

S MO § LA AT R S et

PRYMEHTS: 1208

FRIMCIFAL: [ EPa= =g
IMTEREZT: =7FH, 165, 95
ERLAMCE: 53, 497 .32

[E0IT] |4 T [ESPY [AMOR]

To amortize a series of future payments starting at payment p:

1. Calculate the balance of the loan at payment p-1.

2. Store the new balance in PV using the EEG soft
menu key.

3. Amortize the series of payments starting at the new
PV.

The amortization operation reads the values from the
TVM variables, rounds the numbers it gets from PV and
PMT to the current display mode, then calculates the
amortization rounded to the same setting. The original
variables are not changed, except for PV, which is
updated after each amortization.

12-8
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Using mathematical functions

Math functions

The HP 40gs 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 in HOME view, 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.

Note that this chapter covers only the use of mathematical
functions in HOME view. The use of mathematical
functions in CAS is described in Chapter14, “Computer
Algebra System (CAS)”".

The MATH menu

The MATH menu provides access to math functions,
physical constants, and programming constants. You can
also access CAS commands.

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.

MATH FUMCTION

V= |CEILIHG
Stat-Two |DEGH+RAD

Sumbixlic (FLOOR
Test= »|FHROOT  w

+ When you press [MATH], you see the menu list of
Math categories in the left column and the
corresponding functions of the highlighted category

in the right column. The menu key indicates
that the MATH FUNCTIONS menu list is active.

% Using mathematical functions 13-1 %
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To select a function

NOTE

. Press to display the MATH menu. The

categories appear in alphabetical order.

Press (Y] or (a] to scroll through the categories. To
jump directly to a category, press the first letter of the
category’s name. Nofe: You do not need fo press

first.

The list of functions (on the right) applies to the

currently highlighted category (on the left). Use ()

and (4] to switch between the category list and the

function

list.

Highlight the name of the function you want and

press [A . This copies the function name (and an
initial parenthesis, if appropriate) to the edit line.

If you press EEE while the MATH menu is open, CAS
functions and commands are displayed. You can select a
CAS function or command in the same way that you
select a function from the MATH menu (by pressing the
arrow keys and then & ). The function or command
selected appears on the edit line in HOME (and with an
initial parenthesis, if appropriate).

Function categories (MATH menu)

Calculus + loop +  Symbolic
Complex *  Matrix o Tests
numbers +  Polynomial + Trigonometry
Constant - Probability (Trig)
Convert + Real numbers

Hyperbolic (Real)

frigonomefry . Tyovariable

(Hyperb.) statistics

Lists (Stat-Two)

Math functions by category

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.

ﬁ%
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Functions common to keyboard and menus

These functions are common fo the keyboard and MATH

menu.

GHIFT) 7 For a description, see “p” on
page 13-8.

(SHIFT) ARG For a description, see “ARG” on
page 13-7.

For a description, see “ 9 on
page 11-7.

(SHIFT) AND For a description, see “AND” on
page 13-19.

! For a description, see
“COMB(5,2) returns 10. That is,
there are ten different ways that
five things can be combined two
at a time.!” on page 13-12.

GHIFT)S For a description, see “S” on
page 13-11.

(SHIFT) EEX For a description, see “Scientific
notation (powers of 10)” on
page 1-20.

[ For a description, see “1 " on
page 11-7.

! 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.

Keyboard functions

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

Using mathematical functions 13-3
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+.6).6d.5)

G "

(SFFT) 10°

), (€55 , (7o)

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

valve 1+ value2, efc.

Natural exponential. Also accepts complex numbers.

e*valve

Example
e”5 returns 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).

SIN(value)
cos(value)
TAN(value)

Example

TAN (45) returns 1 (Degrees mode).

(SHIFT) 4SIN Arc sine: sin” 1 x. Output range is from —90° to 90°, —r/2
ton/2, or-100 to 100 grads. Inputs and outputs depend
on the current angle format. Also accepts complex
numbers.

ASIN(value)
134 Using mathematical functions
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Example

ASIN(1) returns 90 (Degrees mode).

(SHIFT]4COS Arc cosine: cos™ x. Output range is from 0° to 180°, O to
n, 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 domainof -1 <x<1.

ACoS(value)
Example
ACOS (1) returns 0 (Degrees mode).
(SHIFT) ATAN Arc tangent: tan™!x. Output range is from —90° o 90°,
2n/2 to n/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).

X2 Square. Also accepts complex numbers.
value?

Example

182 returns 324

e Square root. Also accepts complex numbers.
v~ value
Example

~324 returns 18
o Negation. Also accepts complex numbers.
—valve
Example
-(1,2) returns (-1,-2)

Power (x raised to y). Also accepts complex numbers.

valve™ power

Using mathematical functions 135
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Example

278 returns 256

[SHIFT) 4BS Absolute value. For a complex number, this is N +y2 )
ABS(value)
ABS((x, y))
Example

ABS (-1) returns 1
ABS ((1,2)) returns 2.2360679775

" Takes the nth root of x.
root NTHROOT value
Example

3 NTHROOT 8 returns 2

Calculus functions

The symbols for differentiation and integration are
available directly form the keyboard— and S

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 (S1, etc.) for a non-numeric result. See “Finding
derivatives” on page 13-21.

0 variable(expression)

Example

0sl (312+3*sl) returns 2*s1+3

[ Integrates expression from lower to upper limits with
respect fo 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 13-20 for
further details.
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Example
[(0,51,2%x43,%) (a)
finds the indefinite result 3*s1+2* (s12/2)

See “To find the indefinite integral using formal
variables” on page 13-23 for more information on
finding indefinite integrals.

TAYLOR 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)?,s1,5)with Radians
angle measure and Fraction number format (set in
MODES) returns 1+s172+-(1/3) *s1"4.

Complex number 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
(x,), 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)

CONIJ Complex conjugate. Conjugation is the negation (sign
reversal) of the imaginary part of a complex number.

coNJ((x, y))
Example

CONJ ((3,4)) returns (3,-4)

IM Imaginary part, y, of a complex number, (x, y).
™ ((x »)
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Example

IM((3,4)) returns 4

RE Real part x, of a complex number, (x, y).
RE((x, y))
Example

RE((3,4)) returns 3

Constants
The constants available from the MATH FUNCTIONS

menu are mathematical constants. These are described in
this section. The HP 40gs has two other menus of
constants: program constants and physical constants.
These are described in “Program constants and physical
constants” on page 13-24.

e Natural logarithm base. Internally represented as
2.71828182846.

e

i Imaginary value for /<1, the complex number (0, 1).

MAXREAL Maximum real number. Internally represented as
9.99999999999 x 104%7.

MAXREAL

MINREAL Minimum real number. Internally represented as
1x10499

MINREAL
n Internally represented as 3.14159265359.

I

Conversions

The conversion functions are found on the Convert
menu. They enable you to make the following

conversions.
Using mathematical functions %
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—C Convert from Fahrenheit to Celcius.
Example

—C(212) returns 100

—F Convert from Celcius to Fahrenheit.
Example

—F(0) returns 32

—CM Convert from inches to centimeters.
—IN Convert from centimeters to inches.
-l Convert from US gallons to liters.
—LGAL Convert from liters to US gallons.
—KG Convert from pounds to kilograms.
—LBS Convert from kilograms to pounds.
—>KM Convert from miles to kilometers.
—MILE Convert from kilometers to miles.
—DEG Convert from radians to degrees.
—RAD Convert from degrees to radians.

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)
Using mathematical functions 139
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COSH
SINH
TANH

ALOG

EXP

EXPM1

LNP1

List functions

Loop functions

Hyperbolic cosine
cosH(value)

Hyperbolic sine.
SINH(valve)

Hyperbolic tangent.
TANH(value)

Antilogarithm (exponential). This is more accurate than
10~x due fo limitations of the power function.

ALOG(value)

Natural exponential. This is more accurate than ¢* due
to 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+7). This is more accurate than
the natural logarithm function when x is close fo zero.

LNP1(value)

These functions work on list data. See “List functions” on

page 19-6.

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

ITERATE 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
13-10 Using mathematical functions
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RECURSE Provides a method of defining a sequence without using
the Symbolic view of the Sequence aplet. If used with |
(“where"), RECURSE will step through the evaluation.

RECURSE (sequencename, term,, term;, term,)
Example

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

When you enter U1 (5), for example, the function
calculates 5! (120).

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

T (variable=initialvalue, finalvalue, expression)

Example

¥ (Cc=1,5,C?) returns 55.

Matrix functions

These functions are for matrix data stored in matrix
variables. See “Matrix functions and commands” on
page 18-10.

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 roofs.
POLYCOEF ([roofs])
Example

To find the polynomial with roots 2, -3, 4, -5:
POLYCOEF ([2,-3,4,-5]) returns[1,2,-25,
-26,120], representing X253 -25%7—26x+120.

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

POLYEVAL ( [ coefficients], value)

% Using mathematical functions 1311 %
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Example

For x¥+2x°—25x2—26x+120:
POLYEVAL([1,2,-25,-26,120]1,8) returns
3432.

POLYFORM Polynomial form. Creates a polynomial in variable T from
expression.

POLYFORM(expression, variable1)
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 x*+2x3—25x*~26x+120:
POLYROOT ([1,2,-25,-26,1201) returns
[2,-3,4,-5].

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,-81 EEmaM1 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

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

1312 Using mathematical functions
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4

PERM

RANDOM

HINT

UTPC

UTPF

UTPN

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 nthings
taken r at a time: n//(r!(n-r)!
PERM (n, 7)

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

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 %2 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 valve.

UTPF(numerator, denominator, value)

Upper-Tail Normal Probability given mean and variance,
evaluated at value. Returns the probability that @ 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)

Using mathematical functions
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UTPT Upper-Tail Student’s t-Probability given degrees of
freedom, evaluated at value. Returns the probability that
the Student's +- random variable is greater than value.

UTPT(degrees, value)

Real-number functions
Some real-number functions can also take complex

arguments.

CEILING Smallest integer greater than or equal to value.
CEILING(value)
Examples
CEILING(3.2) returns 4
CEILING(-3.2) returns -3

DEG—RAD Degrees to radians. Converts value from Degrees angle
format to Radians angle format.

DEG—RAD(value)
Example
DEG—RAD (180) returns 3.14159265359, the

value of .

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

Example
FLOOR(-3.2) returns -4
FNROOT Function rootfinder (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

61.22448979509.

FRAC Fractional part.
FRAC(value)

Example
FRAC (23.2) returns .2

13-14 Using mathematical functions
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HMS— 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

—HMS 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)

Example
—HMS (8.5) returns 8.3

INT Integer part.
INT(value)

Example
INT (23.2) returns 23
MANT Mantissa (significant digits) of value.
MANT(value)
Example

MANT (21.2E34) returns 2.12

MAX Maximum. The greater of two values.
MAX(valuel, value2)

Example
MAX (210,25) returns 210
MIN Minimum. The lesser of two values.
MIN(valvel, value2)
Example
MIN(210,25) returns 25

MOD Modulo. The remainder of valve1/value2.
valuel MOD valve?2

Using mathematical functions 1315
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%

%CHANGE

%TOTAL

RAD—DEG

ROUND

SIGN

Example

9 MOD 4 returns 1

x percent of y; that is, x/100%y.
% (x, )

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
%TOTAL (20, 50) returns 250

Radians to degrees. Converts value from radians to
degrees.

RAD—DEG (value)
Example
RAD—DEG (w) 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 7.87
ROUND (0.0036757,-3) returns 0.00368
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, ¥))

13-16
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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

Two-variable statistics

These are functions for use with two-variable statistics.
See “Two-variable” on page 10-15.

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) cH4Rs) as well as the MATH menu.

= (equals) Sets an equality for an equation. This is nof a logical
operator and does nof store values. (See “Test functions”
on page 13-19.)
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 ST to represent any sign and n1 to represent
any integer.

ISOLATE (expression, variable)

Using mathematical functions 1317
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LINEAR?

QUAD

QUOTE

| (where)

Examples

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

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

LINEAR? (expression, variable)
Example

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

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

S1 to represent any sign: + or —.

QUAD (expression, variable)

Example

QUAD ((X-1)2-7,X) returns (2+s1* (2%V7)) /2

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 X~3+2*X into F1 (X) in the Function
aplet.

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

expression | (variable 1=valve 1, variable2=valuve?2,...)
Example

3% (X+1) | (X=3) returns 12.

13-18
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Test functions

The test functions are logical operators that always return
either a 1 (true) or a O (false).

< Less than. Returns 1 if true, O if false.
valve I<valve2
< Less than or equal to. Returns 1 if true, O if false.

valve 1<valve2

Equals (logical test). Returns 1 if true, O if false.

valve 1==valve2

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

valve 1= valve2

> Greater than. Returns 1 if true, O if false.
valve 1> value?2

> Greater than or equal to. Returns 1 if true, O if false.
valve 1> valve?2

AND Compares valuel and value2. Returns 1 if they are both

non-zero, otherwise returns 0.

valvel AND valve2

IFTE If expression is true, do the trueclause; if not, do the
falseclause.

IFTE (expression, trueclause, falseclause)

Example

IFTE (X>0, %%, X3)

NOT Returns 1 if value is zero, otherwise returns O.
NOT valve
OR Returns 1 if either value 1 or value2 is non-zero, otherwise
returns 0.

valuel OR value2

Using mathematical functions 1319
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XOR 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

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

ACOT Arc cotangent.
ACOT(value)
ACSC Arc cosecant.
ACSC(value)
ASEC Arc secant.
ASEC(value)
cort Cotangent: cosx/sinx.
coT(value)
CSC Cosecant: 1/sinx
csc(value)
SEC Secant: 1/cosx.
SEC(value)

Symbolic calculations

Although CAS provides the richest environment for
performing symbolic calculations, you can perform some
symbolic calculations in HOME and with the Function
aplet. CAS functions that you can perform in HOME (such
as DERVX and INTVX) are discussed in “Using CAS
functions in HOME” on page 14-7.

In HOME 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 , the calculator retrieves the values
for A and B from memory and substitutes them in the

calculation.
Using formal To perform symbolic calculations, for example symbolic
variables differentiations and integrations, you need to use formal

13-20 Using mathematical functions %



é hp40g+.book Page 21 Friday, December 9, 2005 1:03 AM é
names. The HP 40gs has six formal names available for
use in symbolic calculations. These are S1 to S5. When

you perform a calculation that contains a formal name,
the HP 40gs 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 fo 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*52)? when S1=2 and
§2=4, you would enter the calculation as follows:

ERA]

(S1#520E | C51=2,52=4)
=%

(stoe] [ [ [ | |

(The | symbol is in the CHARS menu: press CHARS.
The = sign is listed in the MATH menu under Symbolic
functions.)

Symbolic You can perform symbolic operations in the Function
calculationsin  aplet’s Symbolic view. For example, to find the derivative
. of a function in the Function aplet’'s Symbolic view, you
the Function define two functions and definlz the seycond function )(;s a
aplet derivative of the first function. You then evaluate the
second function. See “To find derivatives in the Function
aplet's Symbolic view” on page 13-22 for an example.

Finding derivatives

The HP 40gs can perform symbolic differentiation on
some functions. There are two ways of using the HP 40gs
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 derivatives To find the derivative of the function in HOME, use a
in HOME formal variable in place of X. If you use X, the
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differentiation function substitutes the value that X holds,
and returns a numeric result.

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

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

@) (AwrA) ST
0 6N A S
@0 62 &
(cos) (ArA) ST

2. Evaluate the function.

BS1CSIMCS] 3 1+2%00SCE1.,
COSCS123%02%511-225 1M,

3. Show the result.

(a) =mm

cosls1®)es1-25TH0S1)

To find derivatives To find the derivative of the function in the Function aplet’s

in the Function Symbolic view, you define two functions and define the
Y Y
aplet’s Symbolic second function as a derivative of the first function. For
view example, to differentiate sin(x”) +2cosx :
1. Access the Function aplet’s Symbolic view and define
F1.
X2 (2 S FUNCTION SYMEBOLIC VIEW S5
0] SE1CSSINGE 2 0,
2 Faix)=
, Fadikr=
D) mE FSxi= L]
[E0IT [orchi] & | [GHOW|EvhL ]
2. Define F2(x) as the GEEE FUNCTION SYMEALIC WIEH T
ivati wF10Ra=5IHCHE 2+2+C0,,
derivative of F(1). SIHE e
Fdix=
FSiky= L
[E0IT [orchi] & | [GHOW|EvhL ]
1322 Using mathematical functions
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FI[ L0) )
i}

3. Select F2(x) and SRS FUNCTION SYMEDLIC WIEW SR
evaluate it. 0

@
[ EOIT [WEHE] & | [SHOW[EVAL]

4. Press to display
the result. Note: Use
the arrow keys to view  [Fzixi=cosx®lzm+z-STHCY
the entire function.

You could also just define

F1(x)= dx(sin(x’) + 2cos(x)) .
To find the For example, to find the indefinite integral of
indefinite integral j3x2* sdr use:

using formal
variables [0.51.3x%-5,x)

1. Enter the function.
(d7a) 0] (BT, T4HE-5, 4
S1 3 SERFSE(RTIABAAK RN,
X G50
(RPFA) X (1) (ERTER

2. Show the result format.

(a)
[EHik ]

3. Press A to close the
show window.
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4. Copy the result and
evaluate.

o M ENEY

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

3
X

J3x2—5dx= —-5x+3 %

6_X(X)

This result is derived from substituting X=S1 and X=0 into
the original expression found in step 1. However,

substituting X=0 will not always evaluate to zero and may
result in an unwanted constant.

4 2y
To see this, consider: J(x—z) dx= %

The ‘extra’ constant of

B
CEy 51y (-2 0™y ¥
32/5 results from the (H=25 044157 CCAHL Y RAN.
substitution of x = 0 into CH—2 ] 1S (4] DR,

(x=2)/5, and should be £51-2375/5+32

disregarded if an ﬁ,—-—_ﬁ

indefinite integral is
required.

Program constants and physical constants

When you press [MATH], three menus of functions and
constants become available:

+ the math functions menu (which appears by default)
« the program constants menu, and
+ the physical constants menu.

The math functions menu is described extensively earlier
in this chapter.
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Program constants

The program constants are numbers that have been
assigned to various calculator setftings to enable you to
test for or specify such a setting in a program. For
example, the various display formats are assigned the
following numbers:

1 Standard

2 Fixed

3 Scientific

4 Engineering

5 Fraction

6 Mixed fraction

In a program, you could store the constant number of a
particular format into a variable and then subsequently
test for that particular format.

To access the menu of program constants:

1. Press [MATH],

2. Press MLH.

3. Use the arrow keys to navigate through the options.
4. Click E2 and then to display the number

assigned to the option you selected in the previous
step.

The use of program constants is illustrated in more detail
in “Programming” on page 21-1

Physical constants

There are 29 physical constants—from the fields of
chemistry, physics and quantum mechanics—that you
can use in calculations. A list of all these constants can be
found in “Physical Constants” on page R-16.

To access the menu of physical constants:

1. Press (MATH],
2. Press Bdik¥d.

Using mathematical functions 1325
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31 CONSTHMTS
Chemist Auvogadro
Phusic= ([Boltz.

Quarntum  [(mol. wo.
univ gasw¥

3. Use the arrow keys to navigate through the options.

4. To see the symbol and value of a selected constant,

press [Z1E . (Click EE to close the information
window that appears.)

The following example shows the information
available about the speed of light (one of the physics
constants).

Clspesed of light
4 [E|Sumbol: < |
G299792458

TPer nedg ¥

5. To use the selected constant in a calculation, press

EIE . The constant appears at the position of the
cursor on the edit line.

Example

Suppose you want to know the potential energy of a mass
of 5 units according fo the equation E = mc”.

1. Enter 5 (x]

Auvogadro
Fhusics |Boltz.
Buantum  (mol. wo.,

univ gasw
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3. Select 1ight s. . .from the Physics menu.

Eolt
t =

Ghant um permitti
petrmeab W

4. Press EE . The menu closes and the value of the
selected constant is copied to the edit line.

E*299?924584

5. Complete the equation as you would normally and
press to get the result.

2 RAD! = FUMCTION

pEZIITI2458
1498952295
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14
Computer Algebra System (CAS)

What is a CAS?

A computer algebra system (hereafter CAS) enables you
to perform symbolic calculations. With a CAS you
manipulate mathematical equations and expressions in
symbolic form, rather than manipulating approximations
of the numerical quantities represented by those symbols.
In other words, a CAS works in exact mode, giving you
infinite precision. On the other hand, non-CAS
calculations, such as those performed in HOME view or
by an aplet, are numerical calculations and are limited by

the precision of the calculator (to 10712 in the case of the
HP 40gs).

For example, with Standard as your numerical format,
1/2 + 1/6 returns 0.6666666666667 if you are
working in the HOME screen; however, 1/2 + 1/6
returns 2/3 if you are working with CAS. HOME
calculations are restricted to approximate (or numeric)
mode, while CAS calculations always work in exact
mode (unless you specifically change the default CAS
modes).

Each mode has advantages and disadvantages. For
example, in exact mode there is no rounding error, but
some calculations will take much longer to complete and
require more memory than equivalent calculations in
numeric mode.

Performing symbolic calculations

You perform CAS calculations with a special tool known
as the Equation Writer. Some computer algebra
operations can also be done in the HOME screen, as
long as you take cerfain precautions (see “Using CAS
functions in HOME” on page 14-7). Moreover, some
computer algebra operations can only be done in the
HOME screen; for example, symbolic linear algebra
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using vectors and matrices. (Vectors and matrices cannot
be entered using the Equation Writer).

To open the Equation
Writer, press the EEg soft-
key on the menu bar of the

HOME screen.

The illustration at the right
shows an expression being 2

written in the Equation [E-HB—E-X]-[4-HE+?1]
Writer. The soft keys on the
menu bar provide access to
CAS functions and
commands.

To leave the Equation Writer, press to return to
the HOME screen. Note that expressions written in the
Equation Writer (and the results of evaluating an
expression) are not automatically copied fo the HOME
history when you leave the Equation Writer. (You can,
however, manually copy them to HOME: see page 14-8).

CAS functions are described in detail in “CAS functions
in the Equation Writer” on page 14-9. Chapter 15,
“Equation Writer”, explains in detail how to enter an
expression in the Equation Writer and contains numerous
worked examples of CAS in operation.

An example
To give you an idea of how CAS works, let's consider a
simple example. Suppose you want to convert C to the
form d- /5 where Cis 2./45 - /20 and d is a whole
number.
1. Open the Equation Writer by pressing the soft-
key on the HOME screen.
2. Enter the expression for
C.
2 [45 - 20
[Hint: use the keys on B
the keyboard as you
would if entering the
expression in HOME. Press the (] key twice to select
the entire first term before entering the second term.]
142 Computer Algebra System (CAS)
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3. Press (] and (¥] to

select just the 20 in the
JZ—O term. 2[45-Ea

4. Press the [IXEE@ menu
key and choose FACTOR.
Then press 3 .

Note that the FACTOR
function is added to the
selected term.

5. Press to factor

the selected term.

6. Press [a) to select the
entire second term, and

then press to /45 -8
simplify it.

7. Press ) ) (v) (v)
(»] (v] to select the 45
in the first term. 2. -z

8. As you did earlier, press
the menu key and
choose FACTOR. Then = -2 5
press EH and to

factor the selected term.

9. Press [a) to select the
entire second term, and
then press to g2 5
simplify it.

Computer Algebra System (CAS) 14-3
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CAS variables

10.Press [»] three times to
select the entire
expression and then

press to simplify

it to the form required.

When you use the symbolic calculation functions, you are
working with symbolic variables (variables that do not
contain a permanent value). In the HOME screen, a
variable of this kind must have a name like S1...S5,
sl...s5,nl...n5, but not X, which is assigned to a real
value. (By default, X is assigned to 0). To store symbolic
expressions, you must use the variables E0, E1...E9.

In the Equation Writer, all the variables may, or may not
be, assigned. For example, X is not assigned to a real
value by default, so computing X + X will return 2X.

Moreover, Equation Writer variables can have long
names, like XY or ABC, unlike in HOME where implied
multiplication is assumed. (For example ABC is
interprefed as A x B x C in HOME.) For these reasons,
variables used in the Equation Writer cannot be used in
HOME, and vice versa.

Using the PUSH command, you can transfer expressions
from the HOME screen history to CAS history (see

page 14-8). Likewise, you can use the POP command to
transfer expressions from CAS history to the HOME
screen history (see page 14-8).

The current variable

In the Equation Writer, the current variable is the name of
the symbolic variable contained in VX. It is almost always
X. (The current variable is always S1 in HOME.)

Some CAS functions depend on a current variable; for
example, the function DERVX calculates the derivative
with respect to the current variable. Hence in the Equation
Writer, DERVX(2*X+Y) returns 2 if VX=X, but 1 if VX
=Y. However, in the HOME screen, DERVX(2*S1+S2)
returns 2, but DERIV(2*S1+S2,S2) returns 1.

14-4
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CAS modes

The modes that determine

how CAS operates can be b e
_Approx _NuH.Factor o CoHp Lex
set on CAS MODES screen.  [“yirmase Zzvepestep - Intr Fou
To diS |C1 CAS MODES W Figorous ¢ Sinp Non-Fational
play nter independent uvariabkle nane
Screen, press: EDIT CAMIL| OK
SHIFT) RS

‘To navigate through the options in CAS MODES screen,
press the arrow keys.

To select or deselect a mode, navigate to the appropriate
field and press until the correct setting is displayed
(indicated by a check mark in the field). For some settings
(such as mpep var and mobuLo), you will need to press

to be able to change the setting.

Press EE to close CAS MODES screen.

NOTE You can also set CAS modes from within the Equation
Writer. See “Configuration menus” on page 15-3 for

information.
Selecting the Many of the functions provided by CAS use a pre-
independent determined independent variable. By default, that
variable variable is the lefter X (upper case) as shown in CAS

MODES screen above. However, you can change this
variable to any other letter, or combination of letters and
numbers, by editing the ivoep var field in CAS MODES
screen. To change the setting, press Efl, enter a new
value and then press FIE .

The variable VX in the calculator's {HOME CASDIR}
directory takes, by default, the value of 'X'. This is the
name of the preferred independent variable for algebraic
and calculus applications. If you use another independent
variable name, some functions (for example, HORNER)
will not 