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The Keyboard and Display

Organization of the Display

For most operations, the display is divided into three sections, as
shown below. This configuration is called the stack display. The
following topics describe each of these sections.

ALG |
1 HOME } ——=— Slatus area
|3
Stack _,7,(1 25
Command \”%IEI"'B""

line
I

MECTR[HATR] LIZT | HYP [ REAL [ EnsE [V EREEIER

The Status Area, Annunciators, and Messages
The status area displays the following:
m Annunciators. These indicate the status of the calculator.

8 The current directory path. When you turn the calculator on for
the first time, the current directory path is ¢ HOME . Directories
divide memory into parts, much as files do in a ﬁle cabinet.
(Directories are covered in chapter 5.)

s Messages. These inform you when an error has occurred, or provide
other information to help you use the calculator more effectively.

The table that follows describes the annunciators. The first six appear
at the top of the display, and the rest (along with the directory path)
share their “territory” with messages. Any message replaces the
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annunciators and directory path; when you clear the message, the
directory path and annunciators reappear.

~\
e
Annunciator area — o Y X o
. 1 CH I Message
Current directory -0 £ HOME ¥ area
path J:
o
1:
1 H+B 1 ,‘
[WECTR]MATR] LIST | HYP | REAL | ERZE |
Annunciators
Symbol Meaning

E=t Left-shift is active (you pressed (#9)).

== Right-shift is active (you pressed ().

a The alpha keyboard is active (you can type letters and
other characters).

) (Alert.) An appointment has come due, or a low
battery condition has been detected. See the message
in the status area for information. (If no message
appears, turn the calculator off and on. A message
describing the cause of the alert will appear.)

X Busy—mnot ready to process new input. (However, the
calculator can remember up to 15 keystrokes while
busy and then process them when free.)

& Transmitting data to an external device.
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Annunciators (continued)

Symbol Meaning

Radians angle mode is active.

Grads angle mode is active.

Polar/Cylindrical coordinates mode is active.
Polar/Spherical coordinates mode is active.
Program execution has been halted.

The indicated user flags are set.

The user keyboard is active for one operation.

The user keyboard is active until you press () (USER).

Algebraic-entry mode is active.

Program-entry mode is active.

The Stack

The stack is a series of memory storage locations for numbers and
other ebjects. The locations are called levels 1, 2, 3. ete. The number
of levels changes according to how many objects are stored on the
stack—from none to hundreds.

As you enter new numbers or other objects on the stack, the stack
grows to accommodate them: the new data moves into level 1, and
older data is “bumped” to higher levels. As you use data from the
stack, the number of levels decreases as the data moves down to lower
levels.

The stack display shows level 1 and up to three additional levels.
Any additional levels are maintained in memory, but normally aren’t
displayed.

For more information about the stack and command line, see “Using
the Stack for Calculations™ on page 3-1.
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The Command Line

The command line appears whenever you start keying in or editing
text. The stack lines move up to make room. If you type more than
21 characters, information scrolls off the left side of the display, and
an ellipsis (..) appears to tell you there is more information “in that
direction.”

The command line is closely tied to the stack. You use it to key in (or
edit) text and then to process it, transferring the results to the stack.

After you finish using the command line, the stack display moves back
down into the command line area.

For more information about the stack and command line, see “Using
the Command Line” on page 2-7.

Menu Labels

Menu labels across the bottom of the display show the operations
associated with the six white menu keys across the top of the
keyboard. These labels change depending on the menu you select.
See “Working with Menus” on page 1-9 for information about using
menus.

Organization of the Keyboard

The HP 48 keyboard has six levels (or “layers”) of functions, each
containing a different set of keys:

g Primary keyboard. Represented by the labels on the key faces;

for example, (), (7), (ENTER), (TAN), and (&) are on the primary
keyboard.

m Left-shift keyboard. Activated by pressing the purple (&) key.
Left-shift keys are labeled in purple and located above and to the
left of their associated primary keys. To execute ASIN, for example,

press the (4q) key followed by the key.

m Right-shift keyboard. Activated by pressing the green (p») key.
Right-shift keys are labeled in green and located above and to the
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right of their associated primary keys. To execute LN, for example,

press the () key followed by the key.

Alpha keyboard. Activated by pressing the (o] key. Alpha keys

are labeled in white and located to the right of their associated
primary keys. Alpha keys are all capital letters. To generate “N”,
for example, press (@] followed by the key. Notice that when
the alpha keyboard is active, the ¢ annunciator appears. Notice also
that the number pad still generates numbers.

Alpha left-shift keyboard. Activated by pressing (o) and then ().
Alpha left-shift characters include lowercase letters, along with some
special characters. (Alpha left-shift characters are not shown on the
keyboard.) To type “n”, for example, press (@), then (4q), and then
ET0)

Alpha right-shift keyboard. Activated by pressing (@) and then
() Alpha right-shift characters include Greek letters and other
special characters. (Alpha right-shift characters are not shown on
the keyboard.) To generate A, for example, press (o), then (), and
then (NXT).

The unshifted and shifted Alpha keyboards are shown on page 2-3.
Note also that you can easily access all displayable characters on the
HP48 using the CHARS application (see page 2-4).

ERIECETRTR AN I
s lcos) (Tan (%] [y (0]
A eX LN

| ENTER | |+/-| [EEX| DEL| |« !J/Lﬂ o
a7 )8 ) (e [
o Primary
all4 (s (6 ][ x]
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When you press (&) (left-shift) or (¢#) (right-shift), the &al or Fad

annunciator appears in the display.

To cancel a shift key:

g To clear the shift key, press it again.
a To change to the ofher shift key, press the other shift key.

Applications and Command Menus

Some keys have both right- and left-shifted labels printed above, but
many have ounly one of the two.

Keys that have only labels printed in green represent applications.
Each of these keys launches an application with specially designed
user-interfaces that make it easier for you to interact with that
application. The HP 4R has twelve application keys:

) CRS)
@ EE)

)9

@) LERARY)
@) (@ERGRY)

) (o5ES)
@ EDD
@) EoD)
@EER)
@EED

Displays a catalog of all 256 characters used by the
HP 48 (see chapter 2).

Provides access to over 300 scientific equations,
accompanying diagrams and variable sets, 40 physical
constants, and the Multiple Equation Solver (see
chapter 25).

Facilitates transfer of data between the HP 48 and
printers, computers, and other HP 48s (see chapter
27).

Allows you to access commands and programs on
plug-in cards and port memory (see chapter 28).
Provides access to the Variable Browser application
for organizing and managing stored variables (see
chapter 5).

Provides access to the Calculator Modes screen and
the Flag Browser (see chapter 4).

Provides access to the PLOT application and its 15
plot types (see chapters 22, 23, and 24).

Provides access to the SOLVE application and its 5
kinds of equation-solving functions (see chapter 18).
Accesses the Interactive Stack application (see
chapter 3).

Accesses the STAT (statistics) application and its
data analysis and curve-fitting operations (see chapter

21).
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(#)(SYMBOLIC) Accesses the symbolic algebra and calculus capabilities
of the HP 48 (see chapter 20).

(=) (TIME) Accesses the HP 48’s Alarm Browser and clock-setting
features (see chapter 26).

Each of these applications also has a left-shifted version that displays
the companion command menu for that application. For example,
pressing (4q)(STAT) displays a menu of commands that pertains to
statistical analysis.

Command menus provide convenient access to commands for inclusion
in programs, or when using functions directly from the stack display
instead of from an application.

Cursor Keys

The six cursor keys differ from other keys because their behavior
depends on whether a cursor is currently displayed. Their behavior
when a cursor is being displayed is summarized below:

The Behavior of Cursor Keys

Key No Shift Right Shift
Moves the cursor left. Moves the cursor to the
beginning.
Moves the cursor right. Moves the cursor to the end.
Moves the cursor down. Moves the cursor to the

bottom {(or end).

Moves the cursor up. Moves the cursor to the top
(or beginning).

® F ® 0 ®

E Deletes the current Deletes all characters to the
character. end.
Deletes the previous Deletes all previous
character. characters to the beginning.
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Whenever there 1s no cursor being displayed, pressing any of these six
keys executes the operation indicated by the colored label above them:

s (@) (or (PICTURE)) displays the current picture.

® (B) (or (SWAP)) swaps the objects on levels 1 and 2 of the stack.

u (&) (or (STACK)) begins the Interactive Stack application.

u (¥) (or (VIEW)) puts the object on level 1 of the stack into its “best”
viewing mode (see page 2-10).

m (DEL) (or (CLEAR)) clears the stack.

B (or (DROP)) drops the object on level 1 from the stack.

The CANCEL Key

When the HP 48 is on, becomes the key. Generally,
halts the current activity—so you can immediately start your
next task or recover from an unexpected situation.

To stop the calculator:
s To delete the command line, press (CANCEL).

B To cancel a special environment and restore the stack display, press

CANCEL }.
m To cancel a running program, press {CANCEL }.

Menus: Extending the Keyboard

The HP 48 uses menus extensively to accommodate its hundreds of
built-in commands and functions.

A menu is a set of operations defined for the six blank menu keys at
the top of the keyboard. The current operations are described by the
six menu labels at the bottom of the display.
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Menu labels ———

Menu keys -

ALG

H+E' 4
MUECTE[MATR] LIST [ HYP |

CEE |
= | ‘
Y vy

| —

>

\

J
/

7 )
| MTH |

J

— :
PRG | CST) |

Some menus have multiple sets of labels, called pages. If a menu label
has a tab over its left corner like a file folder, it selects another menu

called a submenu.

Working with Menus

To display a menu:

1.
2.

Press the key or

keys corresponding to the menu you want.

Menus with more than six entries are extended over two or more

pages. If necessary, change to the menu page you want:
m To move to the next page, press (NXT).
g To move to the previous page, press (&q)(PREV]).

Note that you will eventually cycle through and return to the first

page.

When you want to go to another menu, simply press the keys for
that menu—you don’t “get out” or “back out” of one menu to go to
another—you just go to the new one.
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To display the previous menu:

m Press (@)(MENU).

Occasionally you may be working primarily with a particular menu,
but need to use commands in another menu. For example, you may
need to briefly leave the second page of the SYMBOLIC menu to use a
command in the second page of the MTH PROB menu.

When you switch from one menu to another, the HP 48 stores the
identity and page number of the last menu you were in. Pressing

()(MENU) (found over the key) returns you to that menu.
Menus that list only additional menus (such as the MTH and PRG

menus) aren’t stored as the last menu.

To select a function from a menu:

m Press the menu key below the label of the operation.
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Entering and Editing Objects

The basic items of information the HP 48 uses are called objects. For
example, a real number, an equation, and a program are each an
object. An object occupies a single level on the stack, and can be
stored in a variable.

The HP 48 can store and manipulate many types of objects,
including real and complex numbers, binary integers, arrays, algebraic
expressions, programs, graphics, text strings, and lists. Many of the
HP 48’s operations are the same for all types of objects, while others
only apply to particular types of objects.

Keying In Numbers

To key in a simple number:

1. Press the appropriate number and () keys.
2. If the number is negative, press (*/=).

To correct a typing mistake:

m Press (the backspace key) to erase the mistake, then retype it
correctly.

To delete the entire number from the command line:
m Press (CANCEL).
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Example:  Enter the number —123.4 in the command line.

Step 1:  Key in the digits.

123 () 4 1123.4 l
[WECTRIMATE] LisT | HYP [ REAL [ ERSE|

Step 2: Make the number negative.

e ~123.44
B VECTR[MATR] LIST | HP | REAL | ense ]

Press (the key) to delete the command line.

To key in & number as a mantissa and an exponent:

1. Key in the mantissa. If it’s negative, press to change its sign.
2. Press (EEX). (It types an E for “exponent.”)
3. Key in the exponent—the power of 10. If it’s negative, press (¥/2).

Keying In Characters (the Alpha Keyboard)

The HP 48 features an “alpha” keyboard that lets you type letters and
other characters into your data. Activate the alpha keyboard using the
(d) key. {The o annunciator turns on while the alpha keyboard is
active.)

When you press the (@ key, you can type in capital letters. The
letters available are printed in white to the lower right of each key.
In addition, the left-shift and right-shift keys provide additional
characters:

@ The left-shifted alpha keyboard types in lowercase letters.
m The right-shifted alpha keyboard types in Greek letters and
miscellaneous symbols.

To keep the HP 48 keyboard from appearing too cluttered, most of the
alpha left- and right-shift keys are not shown on it. For your reference,
the next illustration shows how keys are interpreted when the
annunciator is on.
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To key in a single character:

® Press (o) and key in the character.
or
s Hold down (@), key in the character, then release 3}

To key in several characters:

m Press (@)(a), key in the characters, then press {a) again.
or
m Hold down (@), key in the characters, then release (@)
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Pressing (o) once activates Alpha-entry mode for one character only.
Pressing (@) twice locks Alpha-entry mode. Alpha-entry mode then
remains active until you press (@) again or press (ENTER] (or {CANCEL))
. You can also press and hold down (@) while you type several
characters in a row. If you prefer, set Flag —60 to enable a single
press of (@) to lock Alpha-entry mode.

To lock or unlock the lowercase keyboard:

m If d is locked on, press (|)(@) to lock lowercase mode.

m If d is off, press (@)@)(\)(@) to lock lowercase mode.

@ To unlock lowercase, press (|)(@). Also, terminating the entry
process—by pressing (ENTER]J or (CANCEL ), or by executing a
command—automatically unlocks lowercase mode.

While in lowercase Alpha-entry mode, you must use (4q) to get
uppercase letters. Lowercase mode automatically unlocks when you
press {(ENTER]) or (CANCEL]}, or execute a command.

Keying in Special Characters

Although most of the 256 characters that can be displayed on the
HP 48 are available on the Alpha keyboard, it is easy to forget the
particular sequence of keystrokes needed for the less-frequently used
characters.

The CHARS application is designed to avoid this problem by enabling
you to select characters directly from the display and insert them at
the cursor point. CHARS displays the HP 48’s characters 64 at a
time, along with the number of each character and the keystroke used
to type it in from the alpha keyboard.
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The Four CHARS Screens

n..'.l.....-l-.
DUBELL (N, -,
B1Z2456789: 5 <=7
KEY: (MOME) HMUF:

L L b | =ed [iesy TEcHD]
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Ev{SZbmaLavgered
TadenBhpoTnalllse
iEfO¥  &$ B g--8"
BELERETS IEEREE-1-3 2% - FX

KEY: rISPCI WUM: 128
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Lo b b Teen T v64 TECHD]

To use CHARS to view or key in characters:

1.
2.

w2

D T

Use and s

Press @m A dl%play of 64 characters appears.
8 to cycle through the pages of characters.

Use the arrow ke)s @ (), (&), and (¥)) to select a character.

Notice that the character’s number is shown at lower right, and its

keystroke is shown at lower left.
- To insert the selected character at the cursor point, press

Repeat steps 2, 3, and 4 to insert additional characters.

When you've finished, press (ENTER) or (CANCEL) to exit CHARS.

Keying In Objects with Delimiters

Real numbers represent one type of object. Most other types of
objects require special delimiters to indicate which type of object they
are.

Here’s a partial list of different types of objects and their
corresponding delimiters.
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Objects Delimiters Keys Examples

Real number none 14.75
Complex number oo (@) o
String v @)  "Hel
Array L =0 ’
Unit . 28

Program i ()

Algebraic Co M

List o )

Built-in command none Fld
Name P &) SOL or

To key in an object using delimiters:

m To key in data within opening and closing delimiters, press the
delimiter key, then key in the data. (The delimiter key types both
delimiters.)

s To insert a single delimiter within the data, press the delimiter key
where required, then delete the one you don’t want.

Even large-scale objects such as algebraics and arrays can be entered
in the command line.
To key in an algebraic object using the command line:

1. Press (7] to type the delimiters.

2. Key in the numbers, variables, operators, and parentheses in the
expression or equation in left-to-right order. Press {&) to skip past
right parentheses.

To key in a matrix using the command line:

1. Press («)(@J) to begin the array and ()1 to begin the first row.
2. Key in the first row. Press between each element.
3. Press () to move the cursor past the 1 row dehmaiter.
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4. Optional: Press (pp}{«7) (new line) to start a new row in the
display.

Key in the rest of the matrix. You don’t need to add [ J delimiters
for subsequent rows—they’re added automatically later.

6. Press (ENTER).

13

To key in a vector using the command line:

1. Press («){{J) to begin the array. Because a vector is equivalent to a
single-column matriz, there is no need to group elements into rows
using additional delimiters unless you specifically want to create a
row-vector.

2. Key in the vector elements. Press (SPC) to separate the elements.

3. Press (ENTER).

The HP 48 also provides special entry environments for algebraics
and arrays that use visually intuitive methods to key in these large
objects. See chapter 7, “The EquationWriter,” and chapter & “The
MatrixWriter,” for information.

Using the Command Line

The command line is essentially a workspace for keying in and editing
the objects you will enter into the HP 48. The command line appears
whenever you enter or edit text {except when you’re using the
EquationWriter application).

Accumulating Data in the Command Line

You can key any number of characters into the command line, using
up to half of the available memory. To enter more than one object in
the command line, use spaces, newlines ((2)(&2)), or delimiters to
separate objects. For example, you can key in 12 34 to enter two
numbers.

If you enter an # character outside of a string in the command
line, both the & character and the adjacent text are treated as a
“comment” and are stripped away when you press (ENTER).

When you type in the command line, characters are normally inserted
at the cursor position, and any trailing characters move to the

Entering and Editing Objects 2-7




right. In addition, you can use the following keys to edit data in the
command line:

Command Line Operations

Key Description

(<) () Move the cursor left and right in the command line.
(@)@ and ()(®) move the cursor to the far left and
far right.)

@A) (V) If the command line has more than one line, move the

cursor up and down one line. ((2)(A) and (2)(¥) move

the cursor to the first and last line.)

If the command line has only one line, (&) selects the
Interactive Stack, and (¥) displays the EDIT menu.
) Erases the character to the left of the cursor.
DEL Deletes the character beneath the cursor.
(|)EDIT) | Displays the EDIT menu, which contains additional
editing operations.
(@)(ENTRY) | Changes the command-line entry mode to
Program-entry mode or Algebraic/Program-entry
mode, as described below.
Processes the text in the command line—moves objects
to the stack and executes commands.

CANCEL Discards the entire command line.

Selecting Command-Line Entry Modes

The HP 48 has four command-line entry modes that make it easier for
you to key in objects.

# Immediate-Entry Mode. (Activated automatically, and indicated by
no entry-mode annunciator.) In Immediate-entry mode, the contents
of the command line are entered and processed immediately when
you press a function or command key (such as (1), (SIN), or (ST0)).
Immediate-entry mode is the default mode.

@ Algebraic-Entry Mode. (Activated when you press (7), and
indicated by the #..& annunciator.) Algebraic-entry mode is
used primarily for keying in names and algebraic expressions for
immediate use. In Algebraic-entry mode, function keys act as
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typing aids (for example, types ). Other commands are
executed immediately (for example, (STO) or (4q){PURGE)).

(«)({3)} and indicated by the annunciator.) Program-entry
mode is used primarily for entering programs and lists. It’s also
used for command-line editing ((«q)(EDIT)). In Program-entry mode,
function keys and command keys act as typing aids (for example,
types , and (STO) types . Only non-programmable
operations are executed when you press a key (for example, (ENTER),

(VAR), or (@) ERTRY).

® Algebraic/Program-Entry Mode. (Activated when you press ()
while in Program-entry mode, and indicated by the # and
annunciators.) Algebraic/Program-entry mode is used for keying
algebraic objects into programs.

To change entry modes manually:

n Press () (ERTRY)

Pressing (@ )(ENTRY] switches from Immediate-entry to Program-entry
mode, and between Program-entry and Algebraic/Program-entry
modes.

oy | [ ENTRY | [ CENTRY | .

| Immediate | L - Program rii“jf%; - Algebraic/Program |

ey T L « entry |
> | [ENTRY |

()(ENTRY] allows you to accumulate commands in the command
line for later execution. For example, you can manually invoke
Program-entry mode to enter - into the command line, and

then press to calculate v/4 + 5. (P)(ENTRY) also makes it

easier to edit algebraic objects in programs.

Example: Calculate 12 — log(100) by including the LOG command
in the command line.

Step 1: Enter the command line.

12 (5pC) 100 () (ENTRY)
Es

12 168 LOG 4
VECTE[MATR] LIST [ WEP | REAL | ERSE
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Step 2: Process the command line to complete the calculation.

ETED O 16

1:
VECTRIMATR] LIST | HYP | KEAL [ ERZE |

Recovering Previous Command Lines

The HP 48 automatically saves a copy of the four most recently
executed command lines.

To retrieve a recent command line:

1. Press (¢»)(CMD) (found over the key).

2. Select the command you want to retrieve, using the (4) and (V)
keys, and press | K

Viewing and Editing Objects

You can’t always see all the objects on the stack—you can see only
the beginning of large objects, and you can’t see objects that have
changed levels and scrolled off the display.

To enable you to view any object on the stack, the HP 48 gives
you a choice of environments for viewing and editing objects. An
environment defines a particular display and keyboard behavior—it
determines how you see and change the object.

To view or edit an object:

1. Depending on the location of the object and the desired
environment, press the keys listed in the table below.
. View or edit the object according to the rules of the environment.
3. Exit the environment:
g To exit after viewing, press (CANCELJ.
& To save changes you've made, press (ENTER}.
& To discard changes you’ve made, press (CANCEL).

]
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Viewing or Editing an Object

Location of Viewing/Editing Keystrokes to
Object Environment View or Edit
Level 1 Command line (x)(EDIT)
Best (see below) ®
Level n Interactive Stack (&) to level n, %
Variable name Command line () name (&) (EDIT)
Best () name (#)(RCL)
®

The command line is the simplest viewing and editing environment:

® The EDIT menu is displayed, which provides operations that make
it easier to edit large objects. (See “Using the EDIT Menu” below.)

m Real and complex numbers are displayed with full precision
(standard format), regardless of the current display mode.

® Programs, lists, algebraics, units, directories, and matrices are
formatted onto multiple lines.

m All the digits of binary numbers, all the characters in strings, and
entire algebraic expressions are displayed.

The “best” editing environment is the one that the HP 48 determines
is most appropriate based on the type of object:

@ Algebraic objects and unit objects are copied into the
EquationWriter environment in scrolling mode. To edit the
equation, enter selection mode by pressing (&) (see chapter 7).

® Matrices are copied into the MatrixWriter environment (see chapter
8).

m All other object types are copied into the command line.

The Interactive Stack is an environment for viewing, editing, and
manipulating all objects on the stack. (See “The Interactive Stack” on
page 3-6.)
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Using the EDIT Menu

Whenever the command line is present, you can press (x)(EDIT) to
get the EDIT menu. The EDIT menu is also displayed whenever you
perform a viewing or editing operation as described in the previous
section.

Certain operations in the EDIT menu use the concept of a word—a
series of characters between spaces or newlines. For example, pressing
£ skips to the beginning of a word. The following table lists the
operations available in the EDIT menu:

EDIT Menu Operations

1 Description

Moves the cursor to the beginning of the current word.
Moves the cursor to the beginning of the next word.
Deletes characters from the beginning of the word to
the cursor.

Deletes characters from the cursor to the end of the
word.

Deletes characters from the beginning of the line to the
CUrsor.

{r®) BEL+ | Deletes all characters from the cursor to the end of the
line.

Switches the command-line entry mode between Insert
mode (% cursor) and Replace mode (B cursor). A w in
the menu label indicates Insert mode is active.
Activates the Interactive Stack. (See “The Interactive
Stack” in chapter 3.)
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Stack

The stack is a series of storage locations for numbers and other
objects. In general, you will use the HP 48 by entering numbers and
other objects onto the stack, then executing commands that operate
on the data.

Using the Stack for Calculations

You ordinarily do calculations by entering objects onto the stack
and then executing the appropriate functions and commands. The
fundamental concepts of stack operations are these:

& A command that requires arguments (objects the command acts
upon) takes its arguments from the stack. Therefore, the arguments
must be present before you execute the command.

# The arguments for a command are removed from the stack when the
command is executed.

g Results are returned to the stack so that you can see them and use
them in other operations.

Making Calculations

When you execute a command, any arguments in the command

line are automatically put onto the stack before the command is
executed. This means you don’t always have to press to put
the arguments on the stack-—you can leave one or more arguments in
the command line when you execute the command. {You should still
think of the arguments as being on the stack, though.)
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To use a one-argument command:

1. Enter the argument into level 1 (or into the command line).
2. Execute the command.

Example: Use the one-argument commands LN ((@)(LN)) and INV
((@/x)) to calculate 1/In 3.7.

3.7 1: ?64331518286
@ ﬂ:ﬁﬂmm:l

To use a two-argument command:

1. Enter the first argument and then the second argument. The first
argument should be in level 2, and the second in level 1 (or in the
command line).

2. Execute the command.

A two-argument command acts on the arguments (objects) in levels 1
and 2, and returns the result to level 1. The rest of the stack drops
one level—for example, the previous contents of level 3 move to

level 2. The arithmetic functions (+, —, x, /, and *) and percent
calenlations (%, %CH, and %T) are examples of two-argument
commands.

Example: Calculate 85 — 31.

85 310 %mmmﬂaﬂ!ﬂﬂ?;

Example: Calculate v/45 x 12.

45 () 12
® T ¥ i
Example: Calculate 4.7,
4.7 2107 l: 22, P87 s fI68E
MECTR[MATE] LIZT | HVP | REAL [ERSE]

To enter more than one argument in the command line:
m Press to separate arguments.
Example:  Calculate /2401.
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Since the HP 48’s stack retains previous results, it makes it especially
easy to perform chain calculations.

To use previous results (chain calculation):

1. If necessary, move the previous results to the proper stack level for
the command (see “Manipulating the Stack,” below).
2. Execute the command.

Example:  Calculate (12 + 3) x (7 + 9).
Step 1: Perform the additions.

12 ETER) 3 2 15
7 9
i LR TR FATR ] LIST | VP | FEAL] ENZE ]

Step 2: Notice that the two intermediate results remain on the stack.
Now, multiply them.

246

[VECTR] MATR] LIET | HYP | REAL | EHZE |

Exaruple:  Calculate 232 — (13 x 9) + %

Step 1: First, calculate 237 and the product 13 x 9.

o : 7
13 o AT FIRTRY LIZT | HVP | RERL EAZE

Step 2: Subtract the two intermediate results and calculate %

8] : 412
‘mme i A

Step 3:  Add the two results.

1' 412 ?14285?14
VECTRIMATR] LIET [ HiP ] RERL | Ene ]
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Manipulating the Stack

The HP 48 enables you to reorder, duplicate, and delete specific
objects on the stack.

To swap the objects in levels 1 and 2:

® Press (&9)(SWAP) (or () when no command line is present).

The SWAP command is useful with commands where the order is
important, such as —, /, and .

EXHIIIPIG: Use @ to help calculate \/1—%2_;§
Step 1: First, calculate /13 + 8.
13 8 1: 4. 28257369496
(ENTER) 8 (1) (&) e 1y -

Step 2:  Enter 9 and swap levels 1 and 2.

9 (\)(EWAR) s 3
= 1: 4. 58257569496
[VECTE[MATR] LIST | HiP_ | REAL [ EASE

Step 3: Divide the two values.

&) 1 1.963961681212
VECTEIMATR LIET | WVF | RERL | FRZE]

To duplicate the object in level 1:

m Press (9)(STACK) BUF . (or press if no command line

Is present).

The DUP command duplicates the contents of level 1 and bumps the
rest of the stack up one level.

4
Example:  Calculate ;1 + (ﬁg) )

Step 1: First, calculate the inverse of 47.5 and duplicate the value.

47 5 (172) (ENTER) 2: 2.1A526315799E-2
. [: 5 {RE0R31570aE-5
mmmmm@
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Step 2: Raise the value to the 4th power.

40)

Step 3: Add the result to the original value.

1: . 185252801 69E-2
[VECTR]MATR] LisT [ HYP | RERL [ERSE]

To delete the object in level 1:

m Press (¢9)(DROP) (or (¢) when no command line is present).

When you execute the DROP command, the remaining objects on the
stack drop down one level.

To clear the entire staclk:

m Press (q)(CLEAR) (or (DEL) when no command line is present).

Recalling the Last Arguments
The LASTARG command ((2)(ARG)) places the arguments of the

most recently executed command on the stack so that you can
use them again. This is particularly useful for more complicated
arguments, such as algebraics and matrices.

To recall the arguments of the last commandh
g Press ((#)(ARG).
Example:  Use ()(ARG) to help calculate (n2.3031 + 2.3031.

Step 1: Calculate In 2.3031, then retrieve the argument of LN. ((ARG)
is above the key.)

2.3031 ()(N) % .83425%@%%@%
(@)(@RS) TR R LIET ] Rer | HEAL Tence ]
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Step 2: Add the two numbers.

1: 3. 13735664157
VECTR[MATE] LIST | HiP ] REAL | EAZE]

Restoring the Last Stack (UNDOQ)

The UNDO command ((»)(UNDO) restores the stack to the way it was
before you executed the most recent command.

To restore the stack to its previous state;

® Press (#)(UNDOJ.

The Interactive Stack

The normal stack display is a “window” that shows level 1 and as
many higher levels as will fit in the display. The HP 48 also features
the Interactive Stack, a special environment in which the keyboard
is redefined for a specific set of stack-manipulation operations. The
Interactive Stack lets you do the following:

& Move the window to see the rest of the stack.

m Move and copy objects to different levels.

m Copy the contents of any stack level to the command line.
8 Delete objects from the stack.

a Edit stack objects.

m View stack objects in an appropriate environment.

When you activate the Interactive Stack, the stack pointer turns on
(pointing to the current stack level), the keyboard is redefined, and
the Interactive Stack menu is displayed. You must exit the Interactive
Stack before you can execute any other calculator operations.
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To use the Interactive Stack:
1. Press ((#)(STACK] (or in the EDIT menu) to activate the

Interactive Stack. (If no command line is present, press (4).) The
stack pointer appears on level 1.

2. Use the keys described in the following table to view or manipulate
the stack.

3. Press (ENTER) (or (CANCEL)) to leave the Interactive Stack and show
the changed stack.

4. Optional: To cancel changes made to the stack in the Interactive

Stack, press ((»)(UNDO).

If a command line is present when you select the Interactive Stack,
only the Ht key appears in the menu because all you can do is
copy (echo) an object from a higher stack level to the cursor position
in the command line.

Interactive-Stack Operations

Key ‘ Description

@m (STACK) (or (&) when no command line is present):

Copies the contents of the current level into the
commmand line at the cursor position.

Views or edits the object in the current level using the

best environment. Press (ENTER) when finished editing
(or (CANCEL) to abort).

Views or edits the object specified by the name or level
number using the best environment. Press
when finished editing (or to abort).

Copies the contents of the current level to level 1
(equivalent to n PICK).
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Interactive-Stack Operations (continued)

Description

@ED

X

Moves the contents of the current level to level 1, and
rolls upwards the portion of the stack beneath the
current level (equivalent to n ROLL).

Moves the contents of level 1 to the current level, and
rolls downwards the portion of the stack beneath the
current level (equivalent to n ROLLD).

Creates a list containing all the objects in levels 1
through the current level (equivalent to n —LIST).
Duplicates levels 1 through the current level (equivalent
to n DUPN). For example, if the pointer is at level 3,
levels 1, 2, and 3 are copied to levels 4, 5, and 6.
Deletes levels 1 through the current level (equivalent to
n DROPN).

Clears all levels above the current level.

Enters the current level number into level 1.

Moves the stack pointer up one level. When preceded
by (&), moves the stack pointer up four levels

(=) (PgUp) in the following keyboard illustration);

when preceded by (), moves the stack pointer to the
top of the stack (((#)(@&) in the following keyboard
illustration).

Moves the stack pointer down one level. When
preceded by (5], moves the stack pointer down four

levels ((49)(PgDn) in the following keyboard

illustration); when preceded by (), moves the stack
pointer to the bottom of the stack (()(¥) in the
following keyboard illustration).

Copies the object in the current level into the
command line for editing. Press (ENTER]} when finished

editing (or to abort).

Deletes the object in the current level.
Selects the next page of Interactive-Stack operations.
Exits the Interactive Stack.

Exits the Interactive Stack.
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Most of the operations in the Interactive Stack menu have equivalent
programmable commands (see “Stack Command Menu” on page 3-11).

The redefined keyboard for the Interactive Stack looks like this:

I L ( Vol j
Edits )0 )0 [AJ T
current PgDn!
ovel | Ty o T
I, ey e
- z i
Exits D bl ) I }
interactive ED|T , Deletes
stack — — - TR R Vo I \——— current
Lo TR [ L . level
f I e Vol B )
L o )L )L Pl |

LC&HCE

N—
—

To copy an object from the stack into the command line:

1. Put the cursor at the point in the command line where you want
the object placed.

2. Press (&)(EBM) *

3. Press (&) and (¥) to move the Intomctlvc Stack pointer to the
desired object and press EiHO
4. Press (ENTER) (or (CANCEL)) to leave the Interactive Stack.

Stack 3-9



Example: Use the Interactive Stack to insert the numbcz 1. 2345 into
the command line, creating the list < :

Step 1: Put these numbers on the stack.

1.2345
2.3456
3.4567

Step 2:  Start entering the list.

@A

z.
3. 4567
UECTE[MATR] LIZT | H¥P [ REAL ] EAZE]

Step 3:  Select the Interactive Stack.

Step 4: Move the pointer to level 3, echo the object, and leave the
Interactive Stack.

@@ EcHo

Step 5:  Put the list on the stack.

SKIP[SKIP#|DEL |DEL? | NG s]TZTE]
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Stack Command Menu

The following table describes the programmable commands that
manipulate the stack. These commands are available from the

(=) (STACK) command menu.

Command /Description

Example

Input

Output

DEPTH Returns the
number of objects on the
stack.

ot ods

DROP2 Removes the
objects in levels 1 and 2.

DROPN Removes the first
n -+ 1 objects from the stack
(nis in level 1). Shown in
menu as

DUP Duplicates the object
in level 1.

DUP2 Duplicates the
objects in levels 1 and 2.

DUPN Duplicates n
objects on the stack, starting
at level 2 (n is in level 1).
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Comunand /Description

Example

Input

Output

OVER Returns a copy of
the object in level 2.

AN

ww owm oww

St

PICK Returns a copy of
the object in level n + 1 to
level 1 (n is in level 1).

€11
P

41

4 oma omw

ROLL Moves object in
level n + 1 tolevel 1 (n is in
level 1).

ROLLD Rolls down a
portion of the stack between
level 2 and level n + 1 {n is
in level 1).

ROT Rotates the first
three objects on the stack
{equivalent to = L

3)'

a3 fg}
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Modes

The HP 48 operates using many different modes, depending on

the nature of the operation it's performing. Many of these modes
are controlled automatically by the commands you select; others are
determined by settings that you control.

The MODES application and its companion command menu give you
access to those modes you can control.

Using the MODES Application

The MODES application provides a convenient way for vou to control
the modes the HP 48 uses.

To use the MODES application:
& Press ((»)(MODES).

SRS CALCULATOR MODES S
WUMEER FORMAT: Eis]
HWGLE MEASURE: Degrees

COORD SYSTEM: Rectangular
« EEEP _CLOCK  _FM.

CHOOSE MUMEEF DISPLAY FORMAT
T T R (AT (T T

The Calculator Modes Screen

This screen allows you to set the following calculator modes:

® Display mode for the number format
e Angle mode
& Coordinate mode
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B Beep mode
m Clock display mode
m Fraction mark mode

Setting the Display Mode

The display mode controls how the HP 48 displays numbers. (Note
that numbers can be displayed differently than they are stored.
Regardless of the display mode, numbers are always stored as signed,
12-digit mantissas with signed, 3-digit exponents.)

The HP 48 has four display modes:

m Standard mode (¥ —Displays numbers using full precision. All
significant digits to the right of the decimal point are shown, up to
12 digits.

N’

& Fix mode (Fi:)—Displays numbers rounded to a specified number
of decimal places. Real numbers on the stack are displayed with
digit separators (separating digits into groups of three): commas (if
a period is used as the decimal point) or periods (if a comma is used

as the decimal point}).

m Scientific mode (Zii)—Displays a number as a mantissa (with one
digit to the left of the decimal point and a specified number of
decimal places) and an exponent.

# Engineering mode (Erz)—Displays a number as a mantissa with
a specified number of digits, followed by an exponent that is a
multiple of 3.

To set the display mode:

a Press ()(MODES).

m Highlight the Bk O field.
m Press DHIDE. (Or, press repeatedly to cycle through the fixed

list of options, and stop when your choice appears in the field.)
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CALCULATOR MODES 2

AN leed

COOR| Sejemt ific
LEEIEngineering

CHOOSE WOMEER DISPLAT FORMAT

L b b e omk

The Number Format Choose Box

B Select a number founat and press i
e If the format 1s Fix, , or Erm, press @ type the number of
display digits, and press

m Press

Setting the Angle Mode

The angle mode determines how the calculator interprets angle
arguments and how it returns angle results.

Angle Modes
Mode Definition Annunciator
Degrees | /360 of a circle (none)

Radians | 1 /o7 of a circle

Grads | !/400 of a circle

To set the angle mode from the MODES application:
1. Press (@)(MODES).

2. Use the arrow keys to highlight the AHGLE HE
3. Do one of the following:

field.

@ Press {iHIO0E to display the list of choices, select your choice,
and press U {iE
B Press (*/2) repeatedly until your choice appeals in the field.
4. Press {iix . to confirm your choice, or GFHITL to cancel it.
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To set the angle mode directly from the keyboard:

m Press («)(RAD) to switch between Radians mode and Degrees
mode. (If Grads mode had been previously selected in the MODES
application, this keystroke switches between Radians mode and
Grads mode instead.)

Setting the Coordinate Mode

The coordinate mode affects how complex numbers and vectors are
displayed. Complex numbers and two- dlmtnblonal vectors can be
displayed in either rectangular mode (% L#Y 1) or polar

mode ({Fsaxor [ B & 1)

Three-dimensional vectors can be displayed 1n rectangular mode
(r ), eylindrical mode (& * 1), or spherical mode

Note that no matter how these objects are displayed, they are always
stored 1n rectangular mode, and calculations are based on this internal
rectangular representation.

¥
- a Two-Dimensional Display Modes
\x s"//M\\\\, Rectangular Polar
. \
b [N o \
AN v x [ab] [r <o]

Coordinate Systems for Complex Numbers and 2D Vectors
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6(1)* Three-Dimensional Display Modes

|
| Rectangular Cylindrical [ Spherical |

[abe] | [ixy <8 ¢] | [r6.c0]

Coordinate Systems for 3D Vectors

To set the coordinate mode from the MODES application:

1. Press (p»)(MODES).
2. Use the arrow keys to highlight the

3. Do one of the following:
] % to display the list of choices, select one, and press

: field.

v

& Press repeatedly until your choice appears in the field. Note

that  means “polar cylindrical” when 3D vectors are
displayed.
4. Press ik to confirm your choice, or DHHEIL to cancel it.

To change the coordinate mode directly from the keyboard:

® Press (pp)(POLAR] to switch between Rectangular mode and Polar
(cylindrical) mode. If Spherical mode had been previously selected

in the MODES application, this keystroke switches between
Rectangular mode and Spherical mode instead.
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Setting the Beep

By default, the HP 48 sounds a “beep” whenever an error occurs. You
can turn this beeper on and off.

To set the beep using the MODES application:

1. Press (@»}(MODES).

2. Highlight the BEEF field and press «CHE  (or (*/2)) until the
desired setting is shown (checked—beep is on; unchecked—beep is
off).

3. Press | £iE . to confirm your choice, or ZHHIL to cancel it.

Setting the Clock Display
The HP 48 can display a clock that includes the date and time.

To display the clock:

1. Press (p#)(MODES).

2. Highlight the TLOCE field and press «CHE  (or (3/2)) until the
desired setting is shown (checked—clock dxsplayed unchecked—no
clock displayed).

3. Press ~ f1E  to confirm your choice, or

"1 to cancel it.

Setting the Fraction Mark

A fraction mark 1s the displayed punctuation separating the integer
and fractional parts of a real number (the “decimal point”). Because
different countries use different fraction marks, the HP 48 allows two
different kinds of fraction marks: the period (=) and the comma ().
As the table below indicates, the fraction mark used also changes the
punctuation used to separate digits and arguments:

Fraction Mark Digit Separator Argument Separator

s (DE43)
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To set the fraction mark:

1. Press (¢»)(MODES).

2. Highlight the Fi, field, and press «LHE  (or (¥/2)) until the
desired setting is shown (checked—fraction mark is comma;
unchecked—fraction mark is period).

3. Press {ik  to confirm your choice, or ZRHIL to cancel it.

Using System Flags

Most modes are controlled by system flags. The HP 48 has 64 system
flags, numbered —1 through —64. Each flag can have two states: set
(value of 1) or clear (value of 0). The system flags and the modes they
control are described in appendix D.

You can control modes by directly manipulating the system flags. You
can access the flags by using the Flag Browser, part of the MODES
application, or by using the #i.#ii command submenu.

Using the Flag Browser

The HP 48 uses two kinds of system flags: flags that single-handedly
determine a mode, and flags that work with others to determine a
mode. The Flag Browser lets you view and set the “single-handed”
flags.

To view or change flag setlings using the Flag Browser:

1. Press (»){MODES).
2. Press FL A to begin the Flag Browser.

SYSTEM FLAGS 55
Gensral solution
Constant + symb
Function + sumb

Paument at end
#WZ ¥ vector 4

L f psoHk] o feelit] OE
The Flag Browser
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3. Use the arrow keys to scroll through the flags. A check-mark to
the left of the flag number indicates that the flag is set. The text
descnbes how the flag’s setting affects the calculator’s function.

4. Press «iHE to change the flag setting. Note that the description
changes to reflect the new setting.

5. When you finish, press = i to confirm your changes (if any), or

CHEMCE to cancel them.

Using the FLAG Command Submenu

The commands for setting, clearing, and testing flags are in the

MODES FLAGS menu ((«3)(MODES) FL.#% ). (They are also
duplicated in the PRG TEST menu.) These commands take flag
numbers as arguments.

To use a flag command:

1. Enter the number of the flag (negative for a system flag).
2. Execute the command (see the table below).

Flag Commands

Key Programmable Description
Command
(®)(MODES) FLHG or (PRG (WXT) (WXT)):
Sets the flag.
CF Clears the flag.
FS? Returns true (1) if the flag is set and
false (0) if the flag is clear.
Fow FC7 Returns true (1) if the flag is clear and
false (0) if the flag is set.
FE FS*C Tests the flag (veturns true (1) if set
and false (0) if clear), then clears it.
FoTn FC?C Tests the flag (returns true (1) if clear

and false (0) if set), then clears it.

Example:  Set the Automatic Alpha Lock to activate after only a
single press of (@) (instead of two presses). To do this, set
system flag —60, which controls the alpha lock: 60
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To set or clear several flags at once:

1. From the stack, enter onto level 1 a list of the flag numbers you
wish to set or clear.

2. Do one of the following:
s To set the flags, press («q)(MODES) FL.f
@ To clear the flags, press (¢9)(MODES)

To recall all flag settings to the stack:
® Press (&9)(MODES) Fi

This command returns a list containing two 64-bit binary integers
representing the current states of the system and user flags. The
rightmost (least significant) bit corresponds to system flag -1 or user
flag 1.

NXT

To reset all flags to their defaults:
® Press @

User Flags

User flags are numbered 1 through 64 and are not used by the system.
What they mean depends on how a user’s program uses them. You
can set. clear, and test them the same way as with system flags.

User flags 1 through 5 appear as numbers in the display when they are
set.

MODES Submenus

The MODES command menu contains three submenus whose
commands act as keyboard shorteuts for changing the states of
particular modes, and as programmable commands. Each of these
submenus contains special menu labels that indicate the state of the
modes represented. When a menu label has a # n 1t, that mode is
active.
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MODES Operations

Key ' Description

Number Format Modes ((#9)(MODES)

Sets the display mode to Standard.

Sets the display mode to Fix using the number on level 1 for the
number of decimal places.

Sets the display mode to Scientific using the number on level 1 for
the number of decimal places.

Sets the display mode to Engineering using the number on level 1 for
the number of mantissa digits to be displayed after the first
significant digit.

Switches the fraction mark between period and comma.

Switches between displaying a multiline level 1 as multiple lines (=
in label) and as a single-line followed by an ellipsis.

Angle Measure Modes ((¢9)(MODES) #

Sets the angle mode to Degrees.

Sets the angle mode to Radians.

Sets the angle mode to Grads.

Sets the coordinate mode to Rectangular.
Sets the coordinate mode to Cylindrical.

Sets the coordinate mode to Spherical.

Miscellaneous Modes (@{MODES ) & ).

Switches between errors beeping (% in label} and not beeping.

Switches between displaying (& in label) and not displaying a clock.

Switches between symbolic (# in label) and numeric evaluation of
symbolic expressions.

Switches between saving (2 in label) and not saving the last stack.
Affects the action of (#}(UNDO).

Switches between saving (# in label) and not saving the last
arguments. Affects the action of @ (ARG).

Switches between saving (& in label) and not saving in memory the

last command line. Affects the action of@ CMD }.

Switches between displaying (& in label) and not displaying prompt
messages and data automatically.
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The HP 48 has two types of memory:

® Read-only memory (ROM). ROM is memory that’s dedicated to
specific operations and cannot be altered. The HP 48 has 512 KB
(kilobytes) of built-in ROM, which contains its command set.
Except for the HP 48G model, you can expand your calculator’s

ROM by installing plug-in application cards (described in chapter
28).

® Random-access memory (RAM). RAM is memory that you can
modify. You can store data into RAM, modify its contents, and
purge it. Except for the HP 48G model, you can increase your
calculator’s RAM by adding memory cards (described in chapter
28).

RAM is also called user memory because it’s memory that you (the
user) have access to. You use or manipulate user memory when you
enter an object on the stack, save an object in a variable, delete

a variable, create an equation or matrix, run a program, etc. In
addition, the HP 48 periodically performs a system cleanup to free
memory for use.

The figure on the next page illustrates how the built-in RAM in the
HP 48 is organized. Note that the figure is not to scale.
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System | Available Memory ] User Memory
: : : : © Home ' Port 0
AlB c ‘D EF G i H
! S ——— ]

\
Partitions move depending on current aliocation of memory

Schematic view of Built-In RAM in the HP 48

After a full memory reset, the calculator memory is returned to the
state it was in when shipped from the factory. The only items stored
in memory at that point are the built-in system variables (section A).
All other memory is available memory (C).

As you work with the calculator, available memory is allocated
automatically into the various regions shown in the figure above and
described below:

® System Memory: This space is reserved by the RPL system.
You have no direct control of this space. It is divided into
non-expandable and expandable sections:

o System Variable Storage (A): Non-expandable section containing
the values of all RPL system variables (such as PICT) and the
current locations of the “boundaries” between the remaining
expandable sections of RAM.

5 Temporary System Storage (B): Expandable section containing
temporary copies of objects being manipulated and the “return
stack” (a list of currently pending operations).

m Available Memory (C): Expandable section containing all
non-allocated RAM remaining after System and User Memory is
subtracted from the total configured memory.

® User Memory: The memory available for your use. User memory is
further divided into five expandable sections:

o The Stack (D): Contains the objects currently on the stack.
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o LAST Variable Storage (E): Contains the three temporary
variables—LAST CMD, LAST STACK, and LAST ARG—that
save coples of the previous commands, stack, and arguments so
that they can be restored if needed. To save memory, you can
disable these variables (see page 4-10).

= Local Variables Storage (F): Contains any local variables created
by currently-executing programs. Local variables exist only while
the program executes.

o HOME (G): Contains all named (stored) objects. You can
organize and control HOME using the Variable Browser (see page
5-5). Most of the remainder of this chapter describes HOME.

7 Port 0 (H): Contains backup objects and libraries that you have
stored in Port 0.

—
1

HOME: Variables and Directories

The HOME section of memory works much like a disk does on a
personal computer. Each named object in HOME, or HOME wvariable,
is analogous to a file on a computer disk.

Like files, HOME variables let you store and retrieve information using
meaningful names. For example, you can store the acceleration of
gravity, 9.81 m/s?, into a variable named G and then use the name

to refer to the variable’s contents. Unless you specify otherwise, all
variables you create (by name) will be HOME variables.

Also, like files, HOME variables can be arranged hierarchically into
directories, and organized to suit your particular needs. Note that
directory names are stored in variables.

Only one directory (the current directory) can be active at a time.
The master directory (or root directory) for the HP 48 is called the
HOME directory and is, until you change it, the current directory.
The path of the current directory (the current path) is shown in the
status area of the display.
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You always have immediate keyboard access to the variables stored
in the current directory. Pressing the key brings up a menu
(the VAR menu) of the last six variables you stored into the current
directory. {Pressing steps you through additional “pages” of
variables.) Since directory names are normally stored in variables,
they also appear in the VAR menu, with bars over the top-left corner
(“tabs”) of their menu labels to show that they are directories.

The HOME directory is the only directory that exists when the
calculator is turned on for the first time. You create other directories
as needed using the Variable Browser.

Where to Store Variables

When you evaluate a variable, the HP 48 searches the current
directory for the name of the variable. If the name isn’t there, the
HP 48 searches up the path until it finds the variable or searches the
HOME directory. Note that it will evaluate the first variable it finds
with the designated name, which may or may not be the one you
had in mind. This suggests several approaches to organizing your
variables:

s Put variables that you want to access from any directory into the
HOME directory.

a Put variables that you don’t want to be able to access from all
directories into a directory not on the current path.

m You can use duplicate variable names, as long as they are not in the
same directory.
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Using The Variable Browser Application

The Variable Browser is an application designed to facilitate the way
vou view and organize the HOME memory section and the directories,
subdirectories, and variables in it.

To select the Variable Browser, press (¢#)(MEMORY ):

OBJECTS W { HOME

Ut ot (uo=C et

EMSTH: 'E=MzC™2'
PPAR: { (-&.5.-

| E0IT [cHOOZ [ CHE] NELE | CORY [ MOVE]

The Variable Browser—Main Screen

This section describes the tasks you can perform using the Variable
Browser:

Creating new variables.
Selecting variables.

Editing variables.

Copying and moving variables.
Purging variables.

Finding the size of variables.

Creating New Variables

Variable names can contain up to 127 characters, and can contain
letters, digits, and any characters except these:

# Characters that separate obJects space perlod comma,
@ Object delimiters # [ 3 L rwny
m Mathematical function symbols: + — % = ™ J = » £ & = 3 J |

Note that uppercase and lowercase letters are not equivalent, even
though they appear the same in menu labels.

The variable names you use must also follow these restrictions:

# Names can’t begin with a digit.
®m You can’t use the names of commands (for example, SIN, 7, or 7).
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B You can’t use the name PICT, which is used by the HP 48 to
contain the current graphics object.

m Certain names are legal variable names, but are used by the HP 48
for specific purposes. You can use these names, but remember that
certain commands use them as implicit arguments: if you alter
their contents, those commands may not execute properly. These
variables are called reserved variables:

o F(Q refers to the equation currently used by the SOLVE and

PLOT applications.

CST contains data for custom menus.

o Y DAT contains the current statistical matrix.

o ALRMDAT contains the data for an alarm being built or edited.

o X PAR contains a list of parameters used by STAT commands.

oo PPAR contains a list of parameters used by PLOT commands.

o VPAR contains a list of parameters used by 3D PLOT

.

h

commands.

o PRTPAR contains a list of parameters used by PRINT
commands.

oo IOPAR contains a list of parameters used by 10 commands.

o sl,s2, ..., are created by ISOL and QUAD to represent
arbitrary signs obtained in symbolic solutions.

o nl, n2, ..., are created by ISOL to represent arbitrary integers

obtained in symbolic solutions.
— Names beginning with “der” refer to user-defined derivatives.

To create a new variable from the Variable Browser:

1. Press (%) (MEMORY).

2. Select from the menu.

MEl YARIAELE

OBJECT:
HAME:
o MRECTORY

EWTER MEW OBJECT
T T s e L T T

The NEW VARIABLE screen
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T: field. You can do this several

3. Enter the new object in the
ways:
s Key the object into the comimand line and press (ENTER).
® Use the Equation Writer environment (see chapter 7) to enter an
algebraic object.
& Use the Matrix Writer environment (see chapter 8) to enter an
array object.
m Press
# Press (NXT)
stack, and press
4. Enter a name into the i
5. Press ik

and select an object.

put the desired object on level 1 of the
(see chapter 3).

¢ field (with or without quotes).

Note that if the variable name you use is too long to fit in a menu
label, only the beginning of the name will appear in its menu label.

To create a2 new subdirectory in the current directory:

L Press () UEWORY),

2. Press
3. Press (¥) and enter a name into the i
4. Highlight the

a2

. Press ik

field.
¢ check field, and press

(@34

Selecting, Editing, and Recalling Variables

The Variable Browser makes it easy to select one or more variables
from any directory, and to perform operations on several variables at a
time. You can also edit existing variables, and recall variables to the
stack.

To select a single variable in the current divectory:

a Press () (MEWORY).
8 Use the (&) and (¥) keys to highlight the desired variable.

To select & group of variables in the current directory:

1. Press (05) (MEMORY)

2. Use the (&) and (¥) keys to highlight one of the variables. Or, press
{a@) and a letter key to highlight the next variable in the current
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directory that starts with that letter and repeat until the desired
variable is highlighted.

3. Press #fHE . (or press to include the variable in the group
you're selecting}.

4. Repeat steps 2 and 3 for each additional variable you want.

Once you’ve marked the variables you want, you can perform an
operation on the entire group at once.

To select variables in a different directory (change current direc-
tory):
1. Press ()(MEMORY).

2. Press [HULEE to bring up the Directory Browser, which shows the

directories and subdirectories in the HOME memory section.

ZOEJECTS IM { HOME ¥

ROD2: & + + %

ALG: 'A+B’

B: 5

A: 2

| E0IT [CHEDS[W CHR] NER | cOPY [HDVE]

A Typical Directory Browser

3. Use the (&) and (¥) keys (or (@) and the first letter of the
subdirectory) to highlight the subdirectory you want, and press
i

4. Select the desired variable or variables.

To edit a variable:

1. Press (05) (MENORY).

2. Select the variable you want to edit.

3. Press ‘ERET EDRIT

4. Edit the object using the Edit environment, and press = kK
{i#- when you finish.
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To recall a variable to the stacle

1. Press () (MEMORY)

2. Select the variable you want to recall.

3. Press .
4. Exit the Browser when done (press (CANCEL)).

T
o

Copying, Moving, and Purging Variables

The Variable Browser also makes it convenient to arrange your
variables the way you need.

To copy variables:

I Press (@) (MEMORY)

2. Select the variable or variables you want to copy.

3. Press

4. Enter one of the following into the CiFY Ty field:

e
Loy

OPY YARIAELE(S)

HAME: PPAE
CopY TO:

EMTER Y4E MAME O DIRECTORY PATH
EDITJeHOos[ - [+ JiANiL] Dk

The Copy Variable Screen

® A new variable name (to store a copy of the selected variable in a
new name)
m An existing variable name (to replace the contents of the named
variable with the selected object)
s A directory path list (to store a copy of the selected variable

under the same name but in a different directory)

5. Press

ik
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To move a variable:

1. Press (05) (MEWORY)

2. Select the variable(s) you want to move.
3. Press SE

% MOYE VYARIRELECS) 35

HAME: FFPAR
MOVE TO:

EMTER YAR MAME OR DIRECTORY PATH

The Move Variable Screen

4. Enter one of the following into the field:
m A new variable name (to rename the selected object)
m An existing variable name (to replace the contents of the named
variable with the selected object, and delete the selected object)
® A directory path list (to move the selected variable to a different
directory)
5. Press . 0K

To purge variables

1. Press (05) (MEMORY)

2. Select the variable or variables you want to purge.

3. Press FURE .
Determining the Size of Variables

The Variable Browser lets you find how much storage memory a
variable uses.
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To determine the size of variables:

1. Press () (WEMORY).

2. Select the variable or variables that you want to “measure.’

3. Press E- from the second page of the menu (press if
necessary). You will see a message box similar to the one shown
below:

% OBEJECTS IM { HOME } ¥

63 byt es
UilMam Available:

EH 125135 butes
.E.wm—:-.zﬂ

The SIZE Message Box

4. Press ik to remove the message box.

Using Variables: The VAR Menu

The VAR menu provides access to the global variables you’ve created
in the current directory.

While the Variable Browser is most useful for organizing and
manipulating the variables you've created, the VAR menu is handy for
using variables in calculations, incorporating them in equations, and as
a shortcut for a number of common memory tasks:

m Create a new variable. Put the desired object on level 1 of the
stack, type the name of the variable, and press (ST0). The new
variable 1s placed in the current directory and displayed in the VAR
menu.

s Evaluate a variable. Press the variable’s VAR menu key.

= Recall the contents of a variable to the stack. Press () followed by
the variable’s VAR menu key.

& Recall the name of a variable to the stack. Press (7] followed by the
variable’s menu key.

Memory 5-11



@ Update the contents of a variable. Put the newly edited contents of
the variable on stack level 1 and press (&) followed by the variable’s
menu key.

s Purge a variable (name and contents) from memory. Recall the
name of the variable to the stack and then press («3)(PURG).

s Purge a group of variables at once. Put a list (with £ ¥ delimiters)
containing the unquoted names of the variables to be purged on

stack level 1, and press («q){(PURG).

g Include the name of a variable in an algebraic or program.
Assuming that the appropriate quote marks are already entered
(tick-marks for algebraics or guillemots for programs), press the
variable’'s VAR menu key.

# Switch to the HOME directory. Press ((»)(HOME).
@ Switch to the parent divectory. Press («q}(UP).

Example: Explore the use of the VAR menu using a variable named
OPTION containing 6.05.

Step 1: Create the variable, OPTTON and display the VAR mienu.

6.05 (ENTER) () (@ @ | T T VG |
OPTION (@)

Step 2: Recall the value of the variable.

OFTIO Lt AR

Step 3: Recall the name of the variable.

——--—

Step 4: Change the value in OPTION to 6.15. Recall the contents
again to confirm the change.

6.15 (&) IET IO

OETID

3: b, B
2s 'OPTION'
1: f.13
VLS e S e A
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Step &:  Clear the stack and purge OPTION from memory.

1

Defining Variables

The HP 48’s DEFINE command can create variables from equations
(see chapter 7 for information about creating equations). If stack level
1 has an equation with this form, 'name = cxpression', executing
DEFINE stores that expression in that name.

To create a variable from a symbolic definition:

1. Enter an equation of the form 'name = ezxpression'.

2. Press («q)(DEF) (the DEFINE command).
Example:  Use DEFINE to store M*C? in the variable E.

step 1 Press D@ @ E @ E M ® C @ )2 @R
Step 2:  Press (+3)(DEF).

Note that if flag —3 is clear (its default state), DEFINE stores the
expression without evaluation. If you've set flag —3, the expression to
be stored is evaluated to a number, if possible, before it’s stored. For
example, the keystrokes ' ' («)(DEF) create variable 4 and
store 'i@+i6t an it if flag —3 is clear, and 2% if flag —3 is set.

Evaluating Variables

To use a variable’s conlents in a calculation, the variable must be
evaluated. This is accomplished by pressing the variable’s menu key in
the VAR menu.

Evaluating a variable name calls the object stored in the variable:

s Name. The name is evaluated (calling its object).

@ Program. The program runs.

® Directory. The directory becomes the current directory.

® Other Object. A copy of the object is returned to the stack.

Exeanple:  Suppose that there are four variables in the current
directory—A containing #, B containing 3, ALG
containing the expression '#+E' and ADDZ containing
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the short program « + + . Evaluate them from the VAR
men.

Step 1: From the stack, display the VAR menu.

VAR ]
1:
fanb AL |oB [ ow f 0 ] ]

Step 2: Evaluate ALG, B, and A. Because none of these variables
contain programs or directories, their contents are put on the
stack.

3 'A+B!
2

c
T ETRCE S T

Step 3: FEvaluate ADDZ2. Notice that the program is executed, not
merely put onto the stack.

BLE 23
1: "R+B+7
[avoafnis] & | w [ [ ]

Quoted Variable Names and Formal Variables

The * delimiter is very important when you enter a variable name: it
determines whether the name is automatically evaluated when you
press (ENTER). If the ' delimiter is present, the name is not evaluated.

To enter a variable name onto the stack:

® If a variable with that name exists (or might exist), press (), then
type the name or press its VAR menu key. Variable names included
as a part of an algebraic expression are within quotes and are not
evaluated until the algebraic is evaluated.

m If no variable with that name exists, type in the unquoted name and
press (ENTER]}. Because the HP 48 can’t find an object associated
with the new name, the name is treated as a formal variable and
put on the stack with guotes. Evaluating a formal variable simply
returns the formal variable name again.
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Although they appear identical on the stack, there are two important
differences between formal variable names (that have no associated
objects) and quoted variable names (that have associated objects):

® Evaluating a formal variable doesn’t appear to do anything, because
the formal variable is returned again to the stack. FEvaluating the
quoted name of a variable containing an object evaluates that
object.

m Formal variables never appear in the VAR menu. All variables that
appear in the VAR menu have an associated object. However, you
can store a formal variable name in a VAR variable with a dufferent
name.

Examnple:  Enter the name = onto the stack using single-quotes.

ADD?2 (ENTER) 1: "ROOE!
Salo ENIER jhnDELALG | B | mob o] ]

Example:  Enter the formal variable name, i, onto the stack by
using the unquoted name. If an actual variable, I exists
somewhere in the current path, you will see its contents
instead of the variable name.

@c 1t !

jaceatata OB F om o f 1

Fxzample:  Store the formal variable *' in the variable C2. Then
evaluate & using the VAR menu.

Step 1: Store "i2'in (2.

((CEERR) () (MEMORY) 1:
R @ C (ENTER) (@) €2 B TS T T
ENTER NXT L
Step 2:  Evaluate ©7 using the VAR menu. Confirm that ‘£ is a
formal variable by pressing (EVAL].
VAR iz i l: i
T TN T T T
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Special Memory Operations

Occasionally the HP 48 may seem to freeze while executing something,
and won’t respond to the key. This can happen if the
memory becomes corrupted, or if the system becomes “confused”
during execution.

If this happens, you have two ways to try to correct it: a system hall
and a memory reset.

Caution If you must reset your calculator, always attempt a
system halt first. Consider a memory reset only if
the system halt fails.

System Halt
A system halt does the following:

® Interrupts and cancels all executing programs and system
operations.

m Clears the stack, all local variables, the three LAST variables, the
PICTURE display, and the temporary system storage section of
memory.

s Turns off the user keyboard (clears flag -62).

m Detaches all libraries from the HOME directory, and reconfigures all
libraries in all available ports (see “Using Libraries” in chapter 28
for details).

m Makes the HOME directory the current directory.

m Activates the main MTH menu.

Note that a system halt does not affect the stored objects in HOME
and Port 0.

To halt the system from the kevboard:

1. Press and hold (ON).
2. Press the menu key.
3. Release both keys.

A system halt is also performed automatically when you turn on the
calculator if you have added, removed, or changed the write-protect
switch position of any plug-in card since you last turned the calculator
on.
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Sometimes the HP 48 may freeze up and won’t respond to
because it isn’t accepting input from the keyboard. At these times,
you need to execute the system halt directly, without using the

keyboard.

To halt the system without using the keyboard:

1. Turn the calculator over and remove the top right (as you face the
back side of the machine) rubber foot. You should see a small hole
with the letter R next to it.

(@ seknzeKonLy R
( ® R —-Reset hole

2. Insert the end of an ordinary metal paper clip into the hole as far
as 1t goes. Hold for one second and remove.

3. Press (ON).
4. If necessary, press (ON}(C). If this still doesn’t work, you need to

try a memory reset.

Memory Reset

A memory reset can reset the HP 48 to its factory-default state,
erasing all information you've stored. Use this function very carefully.

To perform a memory reset:

I. Press and hold down these three keys simultaneously: (ON), the
menu key, and the menu key.

2. Release the two menu keys, but continue to hold (ON):
m If you want to continue with the memory reset, release (ON).
m If you want to cancel the memory reset, press the menu key,

then release (ON).
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Once you've initiated the memory reset, the calculator beeps and
displays the following screen:

Try To Recover Memory?

| VEZ ] [ WO |
Memory Reset Prompt

3. Press % if you want to try and recover the variables you
have stored in HOME and in Port 0. There is no guarantee
that all of the variables can be recovered. Press Mz to
perform a complete memory reset. This restores the HP 48 to its

factory-default state and clears all user memory.

Responding to Low-Memory Conditions

HP 48 operations share memory with the objects you create. This
means that the calculator may operate slowly or even fail if user
memory becomes too full. If this happens, the HP 48 returns one of a
series of low memory warnings. These messages are described below in
order of increasing severity.
B Mo Boos for Last S5tack—If there’s not enough memory to save
a copy of the current stack, this message appears when ENTER
is executed. The UNDO operation is disabled when this message
appears.

Remedy: Delete unused variables or unnecessary objects from the
stack.

B I i i+ Memorw—This appears if there isn’t enough
memory to completely execute an operation. If the LASTARG
command is enabled (flag —55 is clear), the original arguments are

restored to the stack. If LAST ARG is disabled (flag —55 is set),

the arguments are lost.

Remedy: Delete unused variables or unnecessary objects from the
stack.
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; g i2—This message appears when the HP 48
completes aH pendmg operatlons but doesn’t have enough free
memory to display the stack. When thls occurs, the stack displays
objects only by type: Feanl Humbes sbimic, and so on. The
amount of memory requlred to dlsplav a stack object varies with the
object type.

Remedy: Delete unnecessary variables and unneeded objects from
the stack, or store stack objects in variables so they don’t have to be
displayed.

+—In extreme cases, the calculator runs completely
out of memory and is unable to do anything. In this situation you
must clear some memory before you can continue. The HP 48
activates a special procedure to do this, and shows this display:

Out of Memory
Purge?
1: Real Array

When the procedure starts, the HP 48 asks whether you want to
purge the object (described by object type) in level 1 (a real array
in the above figure). If you delete it, the calculator then asks about
the new level 1 object. This continues until the stack is empty or
you respond to the display by pressing * #fi.. The calculator then
asks if you want to discard the contents of LAST CMD, and then
asks in the following order if you want to delete other items:

1. Stack level 1 (repeated)

The contents of LAST CMD

The contents of LAST STACK (if active)
. The contents of LAST ARG (if active)

. The variable PICT (if present)

. Any user-key assignments

Any alarms

The entire stack (unless already empty)
Each global variable by name

Each port 0 object by tagged name

[USEE ]

S©wNo o

—_
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To respond to the “Out Of Memory” prompts:

m To delete the indicated object, press
@ To keep the indicated object, press
® To stop the procedure and see if the condition is fixed, press

(CARCED),

Note The purge sequence may begin with the command

line and then cycle through the stack, the contents
| of LAST CMD, etc. If you answer - #{I to the
purge prompt for the command line, you il return to
the command line when you terminate the
i procedure.

The prompts for global variables start with the newest object in the
HOME directory and proceed to successively older objects. If the

variable to be purged is an empty directory, purges it. If the
directory is not empty, FES  cycles the Vauable purge sequence

through the variables (from newest to oldest) in that directory.

Whenever you like, you can try to terminate the Dt «of
procedure by pressing (CANCEL). If sufficient memory is avaﬂable the
calculator returns to the normal display; otherwise, the calculator
beeps and continues with the purge sequence. After cycling once
through the choices, the HP 48 attempts to return to normal
operation. If there still is not enough free memory, the procedure
starts over.
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6

input Forms and Choose Lists

Although the HP 48 screen is small compared to a standard computer
screen, it is approximately the size of the average “dialog box.” Input
forms are the HP 48 equivalent of these dialog boxes.

Most of the HP 48’s applications have input forms associated with
them that make it easy to remember the information you need to
enter, and to set any options you want.

Input Forms

All input forms have a similar appearance. The figure below uses the
main input form from the PLOT application to illustrate the main
components.

IMUER:

EMTER FUNCTION(S) TO PLOT
E[IT {CHODE] ORI |

A Sample Input Form: PLOT

FEach input form has a title, a set of fields (some with labels) a prompi
line {just above the menu), and a menu that displays choices relevant

to the currently selected field (the prompt line also displays a message
pertaining to the current field). As you switch fields, the prompt and

the menu change to reflect the newly-selected field.
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Input forms use four basic kinds of fields:

m Data fields. These accept data of a particular kind directly from the
keyboard. The fields labeled IHDEF:, H-%I1EME, and ¥~ IEW in
the PLOT form are examples of data ﬁdds

m Extended data fields. These fields extend the abilities of data fields
by also allowing you to enter an object you have previously stored
(as long as it is an allowable type for that field). The | field in
the PLOT form is an example of an extended data field.

g List fields. These fields have a limited, pre- determined set, of possible
values, of which you must choose one. The 1 2 and 41 fields in
the PLOT form are examples of list fields.

@ Check fields. These fields control various options in the applications
(a check in the field makes the option active). The fLF

" in the PLOT form is an example of a check field.

e

Selecting Fields in Input Forms

The cursor keys are active in input forms and are the primary means
of selecting fields:

) Selects the next field, moving from left to right and from
top to bottom. From the last field on the form, () “wraps
around” and selects the first field at the top of the form.

(€ Selects the previous field. From the first field on the form,
(<) “wraps around” and selects the last field at the bottom of
the form.

(a) Selects the corresponding field on the previous line. From a
field on the top line of the form, (&) “wraps around” and
selects the corresponding field on the bottom line of the
form.

] Selects the corresponding field on the next line. From a field
on the bottom line of the form, (¥) “wraps around” and
selects the corresponding field on the top line of the form.

(@)(®) Selects the first field on the form.
()(@) Selects the first field on the form.
(@)®) Selects the last field on the form.
@)(¥) Selects the last field on the form.
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When vou press (ENTER) or 1k - to enter data that has been
typed into the command line, the next field is automatically selected.
Otherwise, you must move the selection bar using the cursor keys.

Entering Data in Input Forms

The HP 48 provides several ways to enter data into input forms.

To enter information into a data field:

1. Select the data (or extended data) field.

2. Type in the object. The command line is available for all kinds of
objects (remember to use the proper delimiters, however). You can
also use the EquationWriter for algebraic objects (see chapter 7),
or the MatrixWriter for arrays (see chapter 8). To change to the
Equation or Matrix Writer, see “To make a side-trip to a second
input form” on page 6-5.

3. Press (ENTER) or

To enter a previously stored object into an extended data field:

1. Select the extended data field.

2. Press i . A miniature version of the Variable Browser
appears, containing all variables in the current directory that can
be used by the selected field.

3. Use the (&) and (V) arrows to highlight the object you want.

4. Press (ENTER) or

Some extended data fields also allow you to enter multiple objects,
grouped into a list.

To enter a list of objects into an extended data field:

1. Select the extended data field that accepts list objects.

2. Press 1 . A miniature version of the Variable Browser
appears, containing all variables in the current directory that can
be used by the selected field.

3. Use the (&) and (V) arrows to select an object that belongs in the
list.

4. Press . to display a check-mark next to the object.

Repeat steps 3 and 4 for the other objects in the list.

6. Once all objects in the list have checks, press or

[
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Selecting Options in Input Forms

To select an option from a list field:

1. Select the list field.
2. Select an option for that field using one of the following methods:
& Use a pop-up list.

a. Press CHOGE to bring up a pop-up list of available options.

E:
FParametric
IHDE ]
SOLM Diff Eq
Conic

T e T E T
A Sample Pop-Up List: PLOT Types

b. Use the (&) and @ arrow keys to select an option.
¢. Press :

m Press (*/2) 1epeated1\ to cyc]e through the options. Stop when
the option you want appears.

m Press (@) followed by the first letter of the desired option. The
next option beginning with that letter appears. If more than one
option begins with the same letter, you may have to repeat the
procedure once or twice until the option you want appears.

To select an option in a check field:

1. Select the check field.

2. Do one of the following:
B Press 4 once or twice to check or uncheck the field.

B Press once or twice to check or uncheck the field.

Other Input Form Operations

To edit a data field:

1. Select the data (or extended data) field.
2. Press T (or («&)(EDIT)). This copies the object into the

command line.
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3.

4.

Edit the object using the standard command line editing
procedures.

Press (ENTER) or - {i

To make a “side” calculation while in the input form:

1.

2.

(@11

Select the data (or extended data) field.
Press R A version of the stack appears (notice that

both the form tltle and the field prompt are still visible), and any
object that was in the selected field is now on level 1. If desired,
press S HT#H - to show or hide the status line.

. Perform the stack calculation you need, entering additional objects

or selecting commands from other menus. The result you want to
enter into the data field must be on level 1 when you finish.

If © ik isn’t visible on the menu (because you have used other
menus), press (¢3)(CONT) to make it visible again.

Press 27 to enter the calculated result into the selected data
field, or & . to return without entering the result.

To make 2 “side-rip” to a second input form:

1.
2. Press

Select a data (or extended data) field.

6. A version of the stack appears (notice that
both the form title and field prompt are still visible), and any
object that was in the selected field is now on level 1.

. Open the second input form.
. Complete your task(s) in the second input form and exit it by

pressing “UEE T or DIRMGL, or by executing a task that exits that
particular form.
If -4 isn’t visible on the menu (because you have used other

command menus), press («)(CONT) to make it visible again.
Make sure the object on level 1 of the stack is what you want
stored in the selected data field of the original form. (It may have
changed, depending on what you did in the second input form.)
Press - 7377 to return to the original input form and enter the
level 1 object into the selected data field in the input form, or

L I to return without entering the level 1 object.
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To reset the value of a field to its default:

1. Select the field.

2. Do one of the following:
E Press REZET,
& Press (DEL).

3. Selec

4. Press (ENTER) or

To reset the values of all fields to their defauits:

et Yalug) from the pop-up list.

1. Select a field.

2. Do one of the following:
m Press = ]
m Press

3. Select Fezet 211 from the pop-up list. In some applications
(PLOT is one) the phrasing will differ slightly, because one or
more fields must be reset individually (as a precaution against
unintentional data loss).

4. Press (ENTER) or = fik

To determine which object types are valid for a data field:

1. Select the data (or extended data) field.

2. Press (NXT) T4 FEZ, A pop-up window display the types of objects
you can use in that field.

AT T ST

VRLID OEJECT TYPES:
N Hlacbraic!
IMpE] % Program »

0L MHame
Real number

A Sample TYPES Pop-Up List

3. Do one of the following:

& To begin entering a paumculm data type, select the type in the
pop-up list and press i . The appropriate delimiters appear
in the command line.

g If you don’t want to enter data, press

o
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When You Finish Entering Data into an Input Form

Input forms are designed to help you enter data and prepare to
execute a larger task. The data you enter and options you select may
either be used only within the context of the particular input form and
its tasks, or they may cause global changes throughout all applications.
Changes to reserved variables (such as EQ) and system flags are
examples of global changes.

Whether or not these global changes are saved depends on how you
exit the input form. The following procedures illustrate your options:

To execute the main action of an input form:

1. Make sure the necessary data is entered and proper options
checked. .

2. Press the appropriate action key (particular to each form).
Global changes are saved and the action executed, displaying the
appropriate screen. This does not usually cause you to exit the
iput form.

To exit the input form after saving any global changes:
m Press i from the menu. Sometimes it is shown only on the
second page (press (NXT ), if necessary.)

To exit the input form and discard any global changes:

® Press (CANCEL] or _. Sometimes LFHIL is shown only on the
second page (press (NXT), if necessary.)

To exit SOLVE input form and open PLOT input form (and vice-
versa):

s Open the new input form. Global changes are saved and all
non-global data is discarded before the current input form is exited
and the new input form opened.

Input Form Commands

The HP 48 has several programmable commands you can use to create
your own customized input forms. These commmands, located in the
PRG IN command menu, are discussed briefly in appendix G, and in
detail in the HP 48G Series Advanced User’s Reference.
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To create an inpul form:

1. Enter a title string for the input form (use ()7 5)).

2. Enter a list of field specifications. If more than one field is
specified, enclose each field specification in brackets.

3. Enter a list of format options.

4. Enter a list of reset values (values that appear when FE
pressed).

b. Enter a list of default values.

6. Execute the INFORM command.

Example: Create an input form.

Enter a title, a field specification, format options, a blank list
for reset values, and a default value.

@)D @) (@) FIRST
ONE GO
@) N ®)(e] ame(2) ()
@@L 5

ENTER) (9)(@) @®
@ (@ WENDY

ENTER

IH o IH

&

0 R R T T

0
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The HP 48 features the EquationWriter application, which makes it
easy to enter and review algebraic expressions and equations in the
form most familiar to you—the way you usually see them in print, and
the way you write them with pencil and paper.

For example, here’s a physics equation:

tz
v = g —§—/ a dt
ty

Here’s how the equation would look on the stack:

TR

Now, here’s the same equation keyed in using the EquationWriter
application:

L2
L.1=UB+J adtld
t1

UECTRIMATE] LIET | HVP [ REAL [ ERSE]
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How the EquationWriter Application Is
Organized

In the EquationWriter application, keys corresponding to algebraic
functions enter the function name or graphical function symbol into
the equation. For example, pressing draws a square root sign.
You can display any command menu—however, only those keys that
correspond to algebraic functions are active. Like the function keys
on the keyboard, the menu keys don’t execute the corresponding
function—they simply enter the function name into the equation.

The EquationWriter application consists of three modes, each with a
special purpose:

a Entry mode—for entering and editing equations

e Scrolling mode—for viewing large equations

e Selection mode—for editing expressions within equations

B B
+= +=
H ED A B
ECTE{MATE] LIST | HVP [ RERL [ ERZE |
Entry Mode Scrolling Mode

EULEE] EBIT FERPR | SUE | RERL
Selection Mode
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Constructing Equations

To start the EquationWriter application:
® Press (9)(EQUATION]). The EquationWriter is accessible from the

stack or from any field in an input form that can accept algebraic
objects.

After you start the EquationWriter application, you can enter an
equation or expression (or unit object, number, or name) using the
operations available in this environment. See “Entering Equations”
below.

To exit the EquationWriter application:

m To put the equation on the stack and exit, press (ENTER]}.
g To discard the current equation and exit, press (CANCEL).

Entering Equations

Occasionally the EquationWriter may not be able to display your
equation as fast as you type it. However, you can continue typing, and
the HP 48 will remember up to 15 keystrokes and display them when
1t “catches up.”

To enter numbers and names:

@ Key numbers and names in exactly as you would into the command
line. You can also use the menu keys in the VAR menu as typing
aids for variable names.

To include addition, subtraction, and multiplication:

m To enter +, ~, and =, press (1), (=), and (x).

# To do implied multiplication, don’t press (X). You can do implied
multiplication (without pressing (X)) in some situations—a multiply
sign ( *) is automatically inserted between the following:
= A number followed by an alpha character, a parenthesis, or a

prefix function (a function whose argument(s) appear after its

name)-—for example, press 6 (SIN).

An alpha character and a prefix function—for example, A

@

o A right parenthesis followed by a left parenthesis.
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o A number or alpha character and the divide bar, square-root
symbol, or zth root term—for example, B (&).

Note All multiplication (even implied multiplication)

i should display a multiplication opelator {(# or +). In
particular, an expression such as *7'Y+7 3 contains
no multiplication. The form, ¥¢ 3, is a user-defined
function (see page 11-6), whose parentheses
contain 1ts a1gument By contrast, expressions
such as ¥ £33 or Heuv+Zx do include valid

multlphca‘cions.

To include division and fractions:

1. Press (&) to start the numerator.

2. Press (] to end the numerator and start the denominator ((¥)
works too).

3. Press () to end the denominator.

Here’s another way to type in fractions whose numerator consists of
either ome term or a sequence of terms with operators of precedence
greater than or equal to that of division:

1. 'Type the numerator (without pressing (4)).

2. Press (3) to start the denominator.

3. Press (B) to end the denominator ((¥) works too).
To include exponents:

1. Press to start the exponent.
2. Press () to end the exponent ((¥) works too).

To include roots:

a To include a square root, press to draw the § symbol and start
the term, then press (B) to end the term.

m To include an zth root, press (B)(T) to start the = term (outside
the I symbol), press () to draw the I symbol and start the y term
inside the I symbol, then press () to end the zth root term.

To include functions with parenthetical arguments

1. Press the function key, or type the name and press (&) ({())-
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2. Press (B) to end the argument and display the right parenthesis.

To include parenthesized terms:

1. Press («4)((0) to display the left parenthesis.
2. Press () to end the term and display right parenthesis.

To include powers of 10:

1. Press to display E.

. If the power is negative, press to display —.
. Key in the digits of the power.

. Press any function key to end the power.

[N

=~ o

To include derjvatives:

1. Press (¢#)(9) to display %

2. Key in the variable of differentiation, then press (®) to end the
differentiation term and display the left parenthesis.

. Key in the expression.

. Press (B) to end the expression and display the right parenthesis.

He Q0

To include integrals:

1. Press ()(J) to display the integral symbol + with the cursor
positioned at the lower limit.

2. Key in the lower limit and press ().

3. Key in the upper limit and press ).

4. Key in the integrand and press (5) to display .

5. Key in the variable of integration.

6. Press (B) to complete the integral.

To nclude summations:

1. Press (#)(3) to display the summation symbol = with the cursor
positioned below.

2. Key in the summation index.

. Press () (or (&)(2)) to key in the equal sign.

4. Key in the initial value of the index and press ).

. Key in the final value of the index and press #).

. Key in the summand.

. Press () to end the summation.

o

-~ O Ot
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To include units:

1. Key in the number part.

2. Press ()(0) to start the unit expression.
3. Key in the unit expression.

4. Press () to end the expression.

You can also build unit objects (described in chapter 10} in the
EquationWriter application. For compound units, press or (3) to
separate each individual unit in the unit expression. You can key in
unit names in one keystroke by pressing the corresponding menu key
in the UNITS Catalog menu.

To include | (where) functions:

1. Key in a parenthetic expression with symbolic arguments.

2. Press (¥9)(SYMBOLIC) (NXT) to display i. The cursor is
positioned at the bottom right of the symbol.

3. Key in the defining equation for each argument, pressing (®)or
(¢ (=) to key in =, and to key in the separator between each
equation.

4. Press (B) to end the function.

The | (where) function substitutes values for names in expressions. It’s
described under “Showing Hidden Variables” on page 20-17.

Controlling Implicit Parentheses

Implicit parentheses are turned on whenever you start the
EquationWriter application. This means the arguments for ), (=)
and are normally enclosed in “invisible” parentheses, so that only
(®) (or (¥)) ends the argument.

If you turn off implicit parentheses, the argument ends when you enter
the next function—or press (B).

To turn implicit parentheses on or off:

m Press (|)(33). A message briefly displays the current state.

Disabling implicit parentheses is convenient for entering polynomials,
for example, where exponents are completed when you enter the
function that starts the next term.
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Leaving and then restarting the EquationWriter application turns
implicit parentheses on. If you turn off implicit parentheses after

keying in (), (/x), or (¥"), but before supplying the argument, implicit
parentheses are not applied to those arguments.

Example: Key in the expression X% 4+ 2X% — 51( first with implicit
parentheses and then without.

Step 1: Key in the expression with implicit parentheses on (the

default).

(9)(EQUATION) (X (1) 3 (&)
@2@X0D20)
Qlg@X

Step 2: Clear the display and turn off implicit parentheses.

RCEER
C®)

Step 3: Key in the expression again.

@XED3@2@XED20Q
10X

Implicit <) off

0

[VECTR[MATR] LIET | WYP [ REAL [ EAZE |

Press (|9)({3) to turn on implicit parentheses again.
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EquationWriter Examples

At the end of each of the following examples, you can either press

ENTER) to put the equation on the stack, or press (49)(CLEAR] to clear

the display for the next example. If you do the latter, ignore the

(«2) (EQUATION) instruction at the start of each new example.

If you make a mistake while you’re keying in an equation, press (¢) to

backspace to the error, or press ((»)(CLEAR) and start again.

Fxample:  Key in this equation:

Step 1: Key in the equation.

(<) EQTATON)

@X0)20:®EO
@YM203®®@EE |¢
Q) D@ B

[ECTR[MATR] LIST | HVE | REAL |

Exanple:  Key in this expression:

. 2N
X2 _9XY -2
X 2X COS'2N+1+}

() (EQTATION)

@X 0200

2 DX @Y 09
: @@ @ O
2@QN @D 1) ®
D@YD?®

Example:  Key in this expression:

-z cos| S0

HATE] LT HYR [ REAL | BRZE]

5 d P
\/?ﬁ:QCOS (rX)
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(< EaUATIO)

S JY )
%@Y@X(E) 372 (2.coscr o
2 (@09) ()@ ® @X &)
010

MECTR]MATE] LIET | HVE [ KEAL | EWSE |

Example: Key in this expression:

1 yP-1
/O aarsn et 4

(«)(EQUATION)
@)DO0E) 1) yF1
@XD@POI®E iz an O
@X0I)2@M @)1 ) -A
QWA 2@M D1 ®)
E )X )

Example:  Key in this expression:

165 x 10-12K8 0
. >

(@) EAToN
Lo E0CE) 1 @0
SO -

(UNITS) T IHE =
@(E% L YR fon | o HofrN] 5 ] HE ]

L 2
165E-12_S200

5

Editing Equations

The EquationWriter application provides several options for editing
equations:

Backspace editing

Editing a full expression in the command line

Editing a subexpression in the command line

Inserting an object (subexpression) from the stack into the equation
Replacing a subexpression with an algebraic from the stack
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To edit by backspacing:

1. Press (#) until you delete the error.
2. Complete the expression correctly.

To edit the full equation:

1. If the equation ends in an incomplete subexpression, complete it.

. Press (&1)(EDIT)-

2

3. Edit the equation in the command-line.

4. Press to save the changes (or press to discard
them) and return to the EquationWriter application.

To view a large equation or unit object:

1. Press (q9)(PICTURE) to activate scrolling mode.

2. Press (€) () (&) (V) to move the viewing “window.”
3. Press (¢9)(PICTURE) to return to the previous mode.

Editing with Subexpressions

The Selection environment is a special part of the EquationWriter
application used to specify a subexpression in the equation.

A subezpression consists of a function and its arguments. The function
that defines a subexpression is called the fop-level function for that
subexpression. The top-level function is essentially the last function to
be evaluated following the usual rules of algebraic precedence.

For example, in the expression ' f+E#{-[:*, the top level function for

the subexpression *Ex* is %, the top-level functlon for 'E#lo00 s
-, and the top level function {or CEeEEDoR 0 Is . You can specify an

1nd1v1dual object (a name, for example) as the subexpressmn.

You can also use the Selection environment to specify a subexpression
to rearrange using the Rules transf “Manipulating
Subexpressions” on page 20-19.

To edit a subexpression of an equation:

1. If the equation ends in an incomplete subexpression, complete it.

2. Press («) to activate the Selection environment.

3. Press (&) (V) (€) (®) to move the selection cursor to the top-level
function for the subexpression you want to edit.
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4. Optional: Press F. at any time to highlight the current

subexpression. (Press it again to turn off the highlight.)

5. Press T to put the current subexpression in the command
line.

6. Edit the subexpression in the command line.

. Press to enter the revised subexpression into the equation

(or press to discard it).

8. Press ‘EXIT. to leave the Selection environment. (Tf %

displayed, press (=) to return to the Selection menu.)

sn't

To insert an object from level 1 into an equation:

1. Create the object to be inserted and put it on level 1. The object
can be a name, a real number, a complex number, an algebraic, or
a string.

2. Open the EquationWriter and begin creating the equation.

3. Press (#)(RCL) to insert the level 1 object at the cursor in the
EquationWriter expression.

Example: Enter this expression:

10 J“Q—'
v —yde 4+ = - i
Jo 2

Step 1:  Enter the expression *<“Z~%"' into level 1 and duplicate it.
OE@X 2O @R |2: v
(ENTER) 1: ol 0
(ENTER) MECTE[MATE] LIT | HeF | REAL [ERZE]

Step 2: Select the EquationWriter application and key in the integral
sign and limits of integration.
18
g
a

(@)(EauATIoN)
UECTR|MATR] LIST ['HYP | REAL | BRZE |

@D 0 10 &)
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Step 3: Insert the integrand into the expression.

@®ED

Step 4:  Complete the subexpression. Then key in the remainder of
the expression, inserting the second term from the stack.

G X )

OHAPED®:?2® 18 2 ey
J Wo=Y dk +—-2'—'D
A
(UECTR FATER] LIST [ WYP | REAL | ERZE]

To replace a subexpression with an algebraic from level 1:

1. If the equation ends in an incomplete subexpression, complete it.

2. Press («) to activate the Selection environment.

3. Press (4) (V) (€) () to move the selection cursor to the top-level
function for the subexpression you want to replace. (See “Editing
with Subexpressions” on page 7-10.)

4. Optional: Press E: any time to highlight the associated
subexpression (press EXFE again to turn the highlight off).

5. Press REF

6. Press #4917 to leave the Selection environment.

The algebraic is deleted from the stack.
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Summary of EquationWriter Operations

Operations in the EquationWriter Application

Key

Description

@)
®)or @

@
@O
SPC
@ ECTED)

@ED

STO

Starts a numerator.

Ends a subexpression. (g»)(®) or (2)(¥) ends all

pending subexpressions.

Invokes selection mode, in which the Selection
environment is active.

Starts a parenthesized term. (B} or (¥) ends the term.

Enters the current separator (: or i) for multiple
parenthetical arguments of functions and the terms of
complex numbers.

Exits the EquationWriter application and evaluates
the equation.

Returns the equation to the stack and exits the
EquationWriter application.

Exits the EquationWriter application without saving
the equation.

Toggles scrolling mode. In scrolling mode, the menu
keys are erased; if the equation is larger than the
display, (&) (V) («@) (&) scroll the display window over
the equation in the indicated direction. Press

() (PICTURE) again (or {(CANCEL}} to return to the
previous mode. (Exception: Pressing (¥) with an
algebraic on the stack, starts the EquationWriter in
scrolling mode and when you exit—with or
(e9){PICTURE }—you invoke the selection mode.)

In entry mode, returns the equation to the command
line for editing.

Returns the equation to the stack as a graphic object.
(See chapter 9 for more details about graphic
objects.)
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Operations in the EquationWriter Application (continued)

Key Deseription

CLEAR) | Erases the display without leaving the
g
EquationWriter application.
(®)(RCL) | Inserts the level 1 object into the equation at the
cursor position. (See “Editing Equations” on page
7-9.)
{r Turns implicit parentheses mode off. Press {}
P p
again to turn implicit parentheses mode back on.
(See “Controlling Implicit Parentheses” on page 7-6.)
Returns the equation to the stack as a string.
fe]
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The MatrixWriter

The HP 48’s MatrixWriter application provides you with
extensive capabilities for entering and manipulating arrays (both
one-dimensional matrices and two-dimensional matrices).

How the HP 48 Displays Arrays

pair of I 1 delimiters enclose the entire array, and additional pairs
enclose each row within the matrix. For example, here’s a 3 x 3
matrix as it might appear on the stack:

P

L d e 8 g
Row vectors (one-row matrices) appear on the stack as numbers
within two pairs of { 3 delimiters:

T [L1 25 79 7 3

H -,
= H ]

In addition, the current coordinate mode and angle mode affect
how 2-dimensional and 3-dimensional vectors are displayed. See
“Displaying 2D and 3D Vectors” on page 13-1 for details.
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Entering Arrays

The MatrixWriter application provides a special environment for
entering, viewing, and editing arrays. You can access the Matrix
Writer by selecting it from the stack or from any field in an input form
that accepts array objects.

The MatrixWriter display shows array elements in individual cells
arranged in rows and columns.

Columns

e

Cell el Gursor

coordinate —

EGIT [WEV s] <HID | BI0E

To enter a malrix using the MatrixWriter application:

Press ((»)(MATRIX).

Key in the numbers in the first row, and press after each.
Press (¥) to mark the end of the first row.

Key in the numbers in the rest of the matrix, and press
after each. Notice that when you enter the last number in the row,
the cursor automatically moves to the beginning of the next row.
5. After you’ve entered all the numbers in the matrix, press
to put the matrix on the stack.

b ol

Example: Enter this matrix:

2 =20
1 0 3
-3 5 1
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Step 1: Select the MatrixWriter application, and key in the first
element (cell 1-1):

() (MATRIX) 2

4
EDIT [ NEC s|£RIK | HID*

Step 2: Enter the first element and the rest of the first row.

(ENTER) ? (75) (ENTER) 0 13 e

EDIT | VEC sfetdin flaines

Step 3: Use (¥) to end the first row, and enter rest of the matrix.

®

1 (ENTER) O (ENTER]} 3 (ENTER)
3 (ENTER) 5 (ENTER) 1

EDNT | NEC W[l [BAIDS [ G0 u] GO ]

Step 4: FEnter the matrix onto the stack.

1+ [[2-28]
[ 1831
[ -3 51 1]

UECTR[MATR] LIZT | Wi ] RERL | EAE

While you’re entering a number, the cell coordinate is replaced by the

command line. When you press to store the value in the cell,
the cell cursor normally advances to the next cell.

When you press (¥) at the end of the first row, it sets the number
of columns in the matrix and moves the cursor to the beginning of
the next row. You don’t have to press (¥) again—the cell cursor
automatically wraps to each new row.
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If the displayed number is wider than the cell width, an ellipsis
indicates “more to the right” (as in 1.%..). The default cell width is
four characters.

Note the two uses of (ENTER): While you're using the command line
for data entry, enters data into a cell. When a cell coordinate
1s displayed, enters the entire matrix onto the stack.

To enter a vector using the MatrixWriter application:

1. Press ()(MATRIX] to display the MatrixWriter screen and menu.

2. Key in the numbers in the vector, and press after each.

3. After you've entered all the numbers in the vector, press to
put the vector on the stack.

Vectors normally use only one row of data, so you don’t need to press

To enter numbers into more than one cell at a time:

1. Enter the series of numbers into the command line, pressing
between each number.

2. Press (ENTER) to enter the numbers.

To compute elements in the command line as you enter them:

1. Enter arguments and press command keys as required to execute
the computation (press to separate arguments).

2. Press to finish the computation and enter the result into
the current cell.

Example: Enter 2.2% in a cell.

2.2 (€0 4 (1) (ERTER)

1-1 w_.‘l

EDIT | VEC s LD [ D+ | 503 o] G0 |

8-4 The MatrixWriter



Editing Arrays

MatrixWriter provides functions that make it simple to edit the arrays
you've entered.

To edit an array yow're viewing with the MatrixWriter application:

1. Press (@) () (&) (¥) to move the cell cursor. (Use with () to move

the cursor to the far end.)
2. Use the MatrixWriter operations listed below to add or edit cells.

3. Press (ENTER) to save the changes (or press (CANCEL) to discard

them) and return to the stack.

MatrixWriter Operations

To edit the contents of a cell:

1. Move the cursor to the cell to be edited.

2. Press T

3. Optional: Press («q)(EDIT) to use the regular EDI'T menu (see page
2-12). Press (p2)(MATRIX) to restore the MatrixWriter menu.

4. Make the desired changes and press to save them (or

CANCEL ) to discard them).

To make the displayed cells narrower or wider

m Press to make the cells narrower and display one additional

column.

e Press l to make the cells wider and display one less column.

To conirol how the cursor advances after an enry:

# To make the cursor move to the next column after entry, press
0% so that the = is visible.
® To make the cursor move to the next row after entry, press = fiils
so that the = is visible.
g 1o keep the cursor from advancing at all after entry, press
and © e until neither shows a =.
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To insert a column:

1. Move the cursor to the column where you want the new column
inserted.

2. Press +0{. A column of zeros is inserted.

Fxample: Change the matrix in the first example of this chapter

2 -2 0 2 -2 4 0
from 1 0 3 to 1 0 1 3.1
-3 5 1 -3 5 3 1

Step 1: If the matrix is on the stack, bring it into level 1—otherwise,
enter the matrix into level 1. Then view the matrix in the
MatrixWriter environment. (This example assumes i
Is active.)

(¥) (or enter the matrix)

EDIT | WEC [+£HI0 [HIDS

Step 2:  Edit element 2-3:

@ME® R e
ELIT ().l (BNTER)

EGIT [ NEC [WID [HIDS

Step 3: Insert a new column in front of column 3, and move the cell
cursor to the top of the new column.

B ED +

#ROG ~ROMW| +COL | SCOL [HETRHSTH]
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Step 4:  Set top-to-bottom entry mode. Fill in the new column.

4 (sPC) 1 (SPC) 3 (ENTER)

ENT | REC [£HID 1D

Step 5:  Restore left-to-right entry mode, then enter the edited
matrix.

2
MECTR[HATR] LIZT | WYE [ REAL | ERZE]

To delete a column:

1. Move the cursor to the column you want to delete.
2. Press =00

To add a column to the right of the last colummn:

1. Move the cursor to the right of the last column.
2. Enter a value. The rest of the column fills with zeros.

To insert a row:

1. Move the cursor to the row where you want the new row inserted.
2. Press . A row of zeros is inserted.

To delete a row:

1. Move the cursor to the row you want to delete.
2. Press

To add a row below the bottom row:

1. Move the cursor below the bottom row.
2. Enter a value. The rest of the row fills with zeros.
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Summary of MatrixWriter Operations

Description

Places contents of the current cell in the data entry
line for editing. (Press («q}(EDIT) to get the EDIT
menu.) Press to save the changes, or

to discard them.

For one-row arrays, toggles between vector entry and
matrix entry. If this key is “on™ (% ), one-row
arrays are entered into the command line as vectors
(example: [T 1 2 & 1);ifit’s “oft” ( "), one-row
auays are entered as matrices (example:

L2 & 11).

Narrows all cells so that one more column appears.

Widens all cells so that one fewer column appears.

Sets left-to-right entry mode. The cell cursor moves to
the next column after data entry.

Sets top-to-bottom entry mode. The cell cursor moves
to the next row after data entry.

Inserts a row of zeros at the current cursor position.
Deletes the current row.

Inserts a column of zeros at the current cursor position.
Deletes the current column.

Copies the current cell to level 1 of the stack.

Activates the Interactive Stack, which can copy (echo)
stack objects to the command line.

(»)(MATRIX) | Restores the MatrixWriter menu if another menn is
displayed.
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Graphic Objects

Graphic objects (or grobs) encode the data for HP 48 “pictures,”
including plots of mathematical data, custom graphical images, and
representations of the stack display itself. The HP 48 provides a
PICTURE environment for viewing and editing graphic objects.

Like all objects on the HP 48, graphic objects can be put on the stack
and stored in variables. On the stack, a grob is displayed as

where n and m are the width and height in pizels. (A pixel is one
picture element, or “dot,” in the display.)

The HP 48 uses two kinds of graphic objects:

& Plots. These are graphical representations of functions, equations,
and sets of data that are automatically generated by the PLOT
application. The HP 48 can zoom plots in any of 15 ways, and can
numerically analyze function plots.

g Pictures. These are free-form grobs created “pixel-by-pixel”—either
automatically using “snapshot” commands, or manually using the
Picture Editor.
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The PICTURE Environment

To enter the PICTURE environment directly:
m From the stack, press («9)(PICTURE).

200k it vr [TRACE] FON [ EDIT JORNIL
The Default PICTURE Display

To exit the PICTURE environment:

m Press (CANCEL). Note that this does not discard the displayed
graphics object, but just returns the display to what you were
viewing before entering the PICTURE environment.

Using the Picture Editor

The Picture Editor allows you to create and modify graphics using
defined elements (lines, boxes, and circles) or pixel by pixel at a time.
It also enables you to copy or delete some or all of a picture, and to
superimmpose one picture onto another.

To begin the Picture Editor:
m From the stack, press (&q)(PICTURE) ELIT .

To return to the main PICTURE environment from the Editor:

@ Press 'FILT in the third page of the Picture Editor, or press

(@) (MERD)
To return to the stack from the Picture Editor:

w Press (CANCEL).
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Turning Pixels On and Off

Two operations, ‘LT # and [T~ , allow you to selectively turn
pixels on and off. If one of these keys is active, it displays a “bullet”
() in its label.

g If there is a ® in the
turned on.

e If there is a & In the I
turned off.

I# . label, pixels under the cursor are

label, pixels under the cursor are

Adding Elements Using the Graphics Environment

The Picture Editor allows you to add three geometric elements—Tline

Each of these elements requires {we cursor positions. This means that
vou must tell the Editor to remember the first cursor position while
you move to the second. You do this by marking the first position.

To mark the current cursor position:

m Press i from the second page of the Picture Editor menu
or {x). Press or (x) again to remove the mark. Also, any
operation that requires a mark will create a mark when you first
press its key, and then execute the operation when you press its key
a second time.

To draw a line segment on the current grob:

1. From within the Picture Editor, move the cursor to where you want
one endpoint of the segment.
2. Press (X} (or £ L1

3. Move the cursor to the other endpomt and press L

To draw a box on the current grob:

1. From within the Picture Editor, move the cursor to where you want
one corner of the box

2. Press (X} (or HMEREE ‘

3. Move the cursor to the opposzie corner of the desired box and press
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To draw a circle on the current grob:

1. From within the Picture Editor, move the cursor to where you want
the center of the urcle

2. Press (or ).

3. Move the cursor to any pomt on the perimeter of the desired circle
and press i

To toggle a line segment on the current grob:

1. From within the Picture Editor, move the cursor to one endpoint of
the segment.

2. Press (x) (or : | ).

3. Move the cursor to the other endpoint and press 7 . All pixels
between the mark and the cursor are toggled——those that were on
are now off, and vice versa.

Editing and Erasing a Picture

To erase an entire picture:

(or (S)(EEAR) s a

m While viewing the picture press (NXT ) EF#
shortcut).

To erase a rectangular area of the picture:

1. Move the cursor to one corner of the rectangular area to be erased,
and press (X] (or I ) to mark it.
2. Move the cursor to t.he opposite corner of the rectangular area.

3. Press (NXT) (or as a shortcut).

To copy a rectangular area of the picture to the stack:

1. Move the cursor to one corner of the rectangular area you want to
copy, and press (X) (or %) to mark it.
Move the cursor to the opposite corner of the region.

3. Press 5 . The area is copied to level 1, and the

picture remains in the display.

3%

To superimpose a second grob on top of the current one:

1. Put the second grob on stack level 1.
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2. Open the Picture Editor ((«q)(PICTURE ) and move the
cursor to the upper left corner of the rectangular region where you
want to superimpose the grob.

3. Press

To copy the entire picture (the contents of P/C'T) to the stack:

m While viewing the picture, press (STO) (or ). A copy of
PICT is entered on level 1, and the picture remains in the display.

Example: Create and edit a small picture. This will illustrate some
of the Picture Editor operations discussed above.
Step 1: Begin the Picture Editor and erase PIC'T. Then use

to draw a horizontal line from the center halfway to the left
edge.

(@ ECTRD)
=]

@ (hol 1 down)

LINE [TLINE] EOH [EIRCL

Step 2: Turn off line-drawing, then use &

to draw a vertical line
from the current cursor position halfway to the top edge.

(to mark) :
@ hold dovvn) I

LINE [TLIHE] BOX [CIRCL]

Step 3:  Move the cursor to the lower end of the line, and toggle the
line off.

(¥) (hold down)

LINE [TLINE] EBH [CIRCL]
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Step 4: Draw a circle using the existing mark and the current cursor

Step 5:

position.

OR

LINE |TLINE] EOY [CIREL]

Delete the lower semicircle.

5

(@] (move to left of circle)

(&) (move halfway up the circle) xm
(to mark)

—
move below the cirele)

@ (
{») (move right of the circle)
DEL

LINE [TLINE| EOY JEIRCL]

Saving and Viewing Graphic Objects

The PICTURE environment displays and uses one grob at a time.
The current grob is always stored in the reserved variable PICT.
Think of PICT as the HP 48’s built-in “chalkboard,” where functions
are plotted and pictures are drawn. Grobs (plots and pictures) can
be stored using any valid name of your choice, but to be viewed the
evaluated name must be copied into PICT.

To save the currently displayed grob:

1.

30

While viewing the grob in the PICTURE environment, press (STO).
This copies the grob to stack level 1.

. Press one or more times to exit the PICTURE

environment and return to the stack.
Using * delimiters, type in a name.
Press (STO). The grob is stored in the current directory.
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To view a grob that is not currently displayed:

1. Save the currently displayed grob (see above) if you want to keep it.
2. Recall the desired grob (do not use ' delimiters) to level 1.

3. I into the command line (do not use * delimiters).

4

5

. Press (sTO).
. Press ($) (ICTURE).

Graphic Object Coordinates

Pixels in a grob can be specified with either pizel coordinates or
user-unit coordinates.

User-unit coordinates Pixel coordinates
(-6.5,3.2) (6.5,3.2) {#0, #0} {#130, #0}
(-6.5,-3.1) (6.5,-3.1) {#0, #63} {#130, #63}

User-Unit Coordinates vs. Pixel Coordinates

Pixel coordinates (the defdult,) in a standard size PICT grob are
numbered from 4 #& #3  in the upper-left corner to ¢ #1358 #¢
in the lower-right corner. Notice that pixel coordinates are glven as a
list containing two binary integers—the first designating the column
and the second designating the row. Pixel coordinates are the most
convenient to use when manipulating pictures.

User-unit coordinates depend on the current settings in PPAR (see

.

chapter 22) but their default values range from «—%. % % in the
upper-left corner to ©#. %, ~Z. 12 in the lower-right corner. User-unit
coordinates are given as a complex number (ordered pair), with the
real part representing the horizontal coordinate and the imaginary
part representing the vertical coordinate. User-unit coordinates are

most convenient for use when plotting.
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Graphic Object Commands

The PRG command menus contain two submenus, HER
and “FICT 0 that contain programmable commands useful for
manipulating pictures and picture elements.

Graphics Object Commands

Key Programmable
Command

Description

PICT

Fiin PDIM

LINE

TLIHE TLINE

BOX

ARC

PIXON

FIEOF PIXOFF

Puts the name ¥ on the stack so
you can access the PICT graphics
object as if it were stored in a variable.
Redimensions PICT to the dimensions
given in levels 2 and 1. Dimensions are
either the width and height (given in
pixels) or the minimum and maximum
coordinates (given in user-units).
Draws a line in PICT between the
coordinates in levels 2 and 1.

Same as LINE except that pixels along
the line are toggled on or off, rather
than turned on.

Draws a box in PICT using two
coordinate arguments as opposite
corners.

Draws an arc in PICT centered at a
coordinate (in level 4) with a given
radius (in level 3) counterclockwise from
61 (in level 2) to #3 (in level 1). (The
coordinate and radius must both use
user-units or pixels.)

Turns on the pixel in PICT specified in
level 1.

Turns off the pixel in PICT specified in
level 1.
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Graphics Object Commands {continued)

Key Programmable
Command

Description ]

PIX?

PVIEW

PX—C

C—PX

Returns i if the pixel specified by the
coordinate in level 1 is on, or & if the
pixel is off.

Displays PICT with the specified
coordinate at the upper left corner of
the graphics display.

Converts a pixel coordinate

#ny #ny *toa user-unit coordinate
ET
Converts a user-unit coordinate s Y
to a pixel coordinate £ #ny #ny .

—GROB

BLANK

GOR

GXOR

(To graphics object.) Converts an
object (level 2) into a graphics object
using real number n (0 to 3 from

level 1) to specify the character size.
The resultant graphics object is a string
of small (n=1), medium (n=2), or large
{(n=3) characters. For n=0, the
character size is the same as for n=3,
except that for algebraic and unit
objects, the resulting graphics object is
the EquationWriter picture.

Creates a blank graphics object on the
stack of size #ny (in level 2) by #ny (in
level 1).

(Graphics-object OR.) Superimposes
the level 1 graphics object onto the level
3 graphics object. The upper left corner
of the level 1 graphics object is
positioned at coordinates specified in
Jevel 2.

(Graphics-object XOR.) Same as GOR
except that the level 1 graphics object
appears normal on a light background
and inverse on a dark background.
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Graphics Object Commands (continued)

r Key Programmable
Command

Description _’

EiiE SUB

EERL REPL

—LCD

Lol LCD—

SIZE SIZE

AHIH ANIMATE

(Subset.) Extracts and returns to the
stack a portion of a graphics object
(level 3) defined by two coordinates
(levels 2 and 1) that mark the diagonal
corners of the rectangle to be extracted.
(Replace.) Same as GOR except that
the level 1 graphics object overwrites
the level 3 graphics object where the
level 1 graphics object is located.

(Stack to LCD.) Displays the graphics
object from level 1 in the stack display,
with its upper left pixel in the upper left
corner of the display. It overwrites all of
the display except the menu labels.
(LCD to stack.) Returns to level 1 a
graphics object representing the current
stack display.

For the graphics object in level 1,
returns the width (level 2) and height
(fevel 1) in pixels.

Takes from levels 2 through n + 1 a
sequence of grobs and from level 1
either: a) the number of grobs (n) or b)
a list containing four items: the number
of grobs (n}, a list containing the pixel
coordinates (¢ #n, #ny ) of the
upper left corner of region where the
animation is to be located, the time
delay (in seconds) between each

“frame” of the animation, and the
number of times to repeat the
animation sequence (0 = repeat
indefinitely until interrupted by a
keystroke). It then displays each grob in
sequence 1n the specified location for
the specified number of seconds. ]
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Unit Objects

The Units application contains a catalog of 147 units that you
can combine with real numbers to create unit objects. The Units
application lets you do the following:

e Convert units. For example, you can convert the unit object i:
tO 3

e Factor units. For example, you can factor 2%
and return 28 _Mapoz,

18 _meh and return 24,67 _FLo=,

Overview of the Units Application

The Units application consists of two menus:

m The UNITS Catalog menu ((¢#)(UNITS)), which contains the HP 48
units organized by subject. This menu enables you to create unit
objects, and to convert between related units in the catalog.

# The UNITS Command menu ((«q)J(UNITS)), which contains

commands for converting units and for managing unit objects.

Units and Unit Objects

The Units application is based on the International System of Units
(SI). The International System specifies seven base units: ~ (meter),
(kilogram), = (second), # (ampere), ¥ (kelvins), oo (candela), and
mzl (mole). The HP 48 makes use of two additional base units: +
(radian) and =+ (steradian). The UNITS Catalog menu contains these
nine base units, and 141 compound units derived from the base units.
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For example, ir (inch) is defined as .0254 w, and Fdu (Faraday) is
defined as 96487 fi#=. (See appendix E for a complete listing of the

built-in units and their ST values.)

A unit object has two parts: a number (a real number) and a unit
expression (a single unit or multiplicative combination of units). The
tWO palts are linked by the underscore character _. For example,

Z_ir (2 inches) and &, 262 <1 (8.303 US gallons per hour) are
umt ob;ects. Like other object types, a unit object can be placed on
the stack, stored in a variable, and used in algebraic expressions and
programs.

When you perform a unit conversion, the HP 48 replaces the old unit
expression with a new unit expression you specify, and automatically
multiplies the number by the appropriate conversion factor.

Operators in unit objects follow this precedence order:

1. ¢ ¥ (highest precedence)
3. #and ~
For example, ¥_m~z"F 1s 7 meters per second squared, and

Z 18 7 square meters per second squared.

The UNITS Catalog Menu

The UNITS Catalog menu (((»)(UNITS)) displays a three-page menu
of “subject” keys, each of which, when pressed, displays a submenu
of related units. For example, (2)(UNITS) (NXT) ¥ displays a

two-page menu of units for pressure.

The individual keys in each submenu behave differently than standard
menu keys, as described throughout this chapter. In Immediate-entry
mode, you can use the shift keys with the menu keys as follows:

m An unshifted menu key creates a unit object by combining the real
number on level 1 with the unit expression that corresponds to
that key. (In Algebraic- or Program-entry, the unshifted keys act
as typing aids, echoing the corresponding name into the command
line.)
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g A left-shifted menu key converts the unit object in the command
line or level 1 to the corresponding unit.

e A right-shifted menu key divides by the corresponding unit. This
helps you create unit expressions with units in the denominator.

Creating a Unit Object

The UNITS Catalog menu provides a simple method for creating a
unit object.

To create a unit object on the stack:

1. Key in the number part of the unit object.

2. Press (pp)(UNITS) and select the appropriate subject menu.

3. Press the menu key for the unit you want. (If you want the mverse
of the unit, press () and the menu key.)

4. For compound units, repeat steps 2 and 3 for each individual unit
in the unit expression.

When you press a menu key in the UNITS Catalog menu, the HP 48
first enters a corresponding unit object on the stack with the number
value 1. Then, for an unshifted key, it executes % (multiply), or, for a
right-shifted key, it executes ~ (divide).

To create a unit object in the command line:

1. Key i the number.
2. Key in the _ character (press (#)(2)). This activates
Algebraic-entry mode.
3. Key in the unit expression as you would an algebraic expression:
B To key in a unit name, either press the corresponding menu key
or spell the unit name.

s To create compound units, press (xJ, (=), "), and («=g3((Q) as

required.

Note that unit names are case-sensitive. For example, Hz (hertz)
must be typed with uppercase + and lowercase z. (For legibility,
all letters in menu keys are uppercase. Don’t confuse the menu-key
representation of a unit with its proper name.)
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By spelling unit names, you can create a unit object without switching
between submenus in the UNITS Catalog menu. However, the menu
keys eliminate errors resulting from incorrect spelling and incorrect use
of uppercase or lowercase.

1,

F:in the

Example: Create the unit object &
command line.

Step 1: Key in the number and the _ character. Then key in the
unit expression using alpha characters and enter the unit
object.

§ (2 13 8_Btus(fi 2xh=°F)
@@B @T @)U @ @) |k G i R e
@F@T@ED?2

MNOEIX@E@@F

To create a unit object using the EquationWriter application:

1. Press (&) (EQUATION).

2. Enter the number, press (p#)(_), and enter the unit expression using
standard EquationWriter notation.

3. Press {ENTER).

The EquationWriter application lets you build algebraics that contain
unit objects, showing you the unit expression as you would write it on
paper. Inverse units are displayed in fractional form, and exponents
are displayed as superscripts.

Unit Prefixes

You can also insert a unit prefix in front of a unit to indicate a power
of ten. The following table lists the available prefixes. (To key in 1,

press (o) () N.)
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Unit Prefixes

Prefix Name | Exponent Prefix Name | Exponent
Y yotta +24 o deci -1
Z zetta +21 o cent -2
£ exa +18 ™ milli -3
= peta +15 o MIiCro —6
T tera +12 1 nano -9
G giga +9 B pico —12
M mega +6 H femto —15
i oor ¥ kilo +3 & atto —18
foor hecto +2 z zepto —21
K deka +1 yocto —24

Most prefixes used by the HP 48 correspond with standard SI
notation, with one exception: “deka” is “D” in HP 48 notation and
“da” i SI notation.

Note
i

You cannot use a prefix with a built-in unit if the
resulting unit matches another built-in unit. For
example, you cannot use rmir to indicate milli-inches,
because mir is a built-in unit indicating “minutes.”

Other combinations that match built-in units are Fz

P SR S
FoLaM, ML, My

ey, o

4,

Converting Units

The HP 48 provides several ways to convert unit objects to different

units:

® The UNITS Catalog menu—converts to built-in units only.
# The CONVERT command—converts to any units.
8 The UBASE (base units) command—converts to SI base units only.

If you’re working with temperature units, see “Working with

Temperature Units” on page 10-10.
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Using the UNITS Catalog Menu

The UNITS Catalog menu lets you convert the unit object in stack
level 1 to any dimensionally consistent unit in the menu.

To convert units to a built-in unit:

1. Enter the unit object with the original units.

2. Press (¢2)(UNITS) and select the subject menu that contains the
desired unit.

3. Press (#9) and the menu key for the desired unit.

Using CONVERT

You can use the CONVERT command to convert unit objects between
any dimensionally consistent unit expressions.

To convert to any units:

1. Enter the unit object with the original units.
2. Enter any number (such as 1) and attach the units you want to
convert to.

3. Press (&q)(UNITS) &

CONVERT converts the level 2 unit object using the units from the
level 1 object. It ignores the number part of the level 1 unit object.

Using UBASE (for Sl Base Units)

The UBASE command converts a compound unit into its equivalent
SI base units.

To convert units to S! base units:

1. Enter the unit object with the original units.

2. Press («q)(UNITS) UERSE.
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Converting Angular Units

Planar and solid angles are associated with actual units. However,
although this distinguishes them from scalars (dimensionless
numbers), the HP 48 allows you to convert between units of angle
and scalars. The conversion will interpret the scalar according to the
current angle mode setting (degrees, radians, or grads).

Unit Symbol Definition Value
Arcmin ArCRMLn 1/21600 unit circle | 2.90888208666 x 10 r
Arcsec B CE 1 /1996000 unit circle | 4.8481368111 x 10° ¢
Degree # 1/360 unit circle 1.74532925199 x 102 r
Grad i 1/ 400 unit circle 1.57079632679 x 102 ¢
Radian Y /o unit circle 1r
Steradian ]/471— unit sphere 1sr

Calculating with Units

The HP 48 lets you execute many arithmetic operations with unit
objects, just as you would with real numbers:

Addition and subtraction (dimensionally consistent units only)
Multiplication and division

Inversion

Raising to a power

Percentage calculations {dimensionally consistent units only)
Comparisons of values (dimensionally consistent units only)
Trigonometric operations (planar angular units only)

Several additional math operations are available, but work only on the
number part of the unit object.
To calculate with unit objects:

1. Enter the unit objects.
2. Execute the commands.

Units are automatically converted and combined during the
calculation, though certain operations require dimensionally consistent
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units. Such operations convert results with units to the units from the
object 1n level 1.

Temperature units require special note: see “Working with
Temperature Units” on page 10-10.

The trigonometric operations SIN, COS, and TAN, operate only on
unit objects with planar angular units: radians (+-), degrees (%), grads
(zrmcd), arc-minutes (aromin), or arc-seconds (aroz). The result is a
dimensionless real number.

Example:  Sybtraction. Subtract &% _ir from 4
GE)tﬂst LEMG 1: J_in
10 o [ Mol el v | T fUIN
39 IH

Q

Example: UMtMMﬁmkmhnmﬂlHﬁ@m Multiply 5gi_#+t by
45 _+ 1, then divide by #. 2 (days).

Step 1:  First, multiply the two unit objects.

(UNITS) LEMG 1: PORE_FLT
45 L FT

®

Step 2:  FEnter the third unit object and divide.

TIME 1: ’H3, 125_ft"2-d
GEDIMEE’ [ vk [ 0 | HO[HIN] 5 [ He
®

Example:  Powers. Raise £_#t .= to the sixth power. Find the
square root of the result. Then find the cube root of that
result.

Step 1: Enter the unit object and raise the unit object to the sixth
power.

2 @)ONTS) =
6

1: B4_ft 6576
[ b2 [CH/5 [ FTz ] EPR | MPH JKNOT]

Ti
s
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Step 2: Now find the square root of the result.

1: B_ft"3-5"3
[Hes [EMe[ P15 ] kPR [ HPH [ENOT]

Step 3:  Find the cube root of the result.

3 E? H
2 EIEMIII%II

¢ 18 what percent of 1 _in™37

1: 22, 6299725198
[ : [ zcH | =T | MIN ] HAg [ HOD ]

Example: Percentage. . :
@)

4.2 o

MTH

Factoring Unit Expressions

The UFACT command factors one unit within a unit expression,
returning a unit object whose unit expression consists of the factored
unit and the remaining SI base units.

To factor units within a unit expression:

1. Enter the unit object with the original units.
2. Enter any number (such as 1) and attach the units you want to
factor out.

3. Press (pp)(UNITS) LFALT.

UFACT factors the units of the level 1 object from the level 2 unit
object.

Using Unit Objects in Algebraics

Unit objects are allowed in algebraics—you enter them just as you
enter them in the command line. In addition, the command line
permrts symbohc numbers instead of real numbers converting

By , for example, to ¥#1 _#t when entered on the stack.

+ and — are allowed in the number. However the _ character takes
precedence over + and —. Thus " {4+5z £

AL returns G it but
PebrD F4 0 EVAL returns + Ereori Inoon 1 L

Unit Objects 10-8




10

Working with Temperature Units

The HP 48 lets you work with temperature units the same ways you
work with other units—ezcept you must recognize and anticipate the
difference between temperature level and temperature difference.
For example, a temperature level of 0 °C means “freezing,” but a
temperature difference of 0 °C means “no change.”

When °C or °F represents a temperature level, then the temperature
1s a unit with an additive constant: 0 °C = 273.15 K, and

0 °F = 459.67 °R. But when °C or °F represents a temperature
difference, then the temperature is a unit with no additive constant:
1°C=1K,and 1 °F =1 °R.

Converting Temperature Units

Conversions between the four temperature scales (K, °C, °F, and
°R) involve additive constants as well as multiplicative factors. The
additive constants are included in a conversion when the temperature
units reflect actual temperature levels, and are ignored when the
temperature units reflect temperature differences:

2 Pure temperature units (levels). If both unit expressions consist of a
single, unprefixed temperature unit with no exponent, the UNITS
Catalog menu or CONVERT performs an absolute temperature
scale conversion, which includes the additive constants.

# Combined temperature units (differences). If either unit expression
includes a prefix, an exponent, or any unit other than a temperature
unit, CONVERT performs a relative temperature unit conversion,
which ignores the additive constants.

Fxample: Convert Z5_"Z to *F
(@)(CHrTs) (7X7) L: 77_°F
2% "L (q) °F fooclomE ok R ]
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Example: Convert ;

Step 1: First, create the unit object 2% _®C/mir.
(@)HITS) @XD) T L: 25_*C/nin
oF Ep pvR Lo | o T s | HE
@) T

Step 2:  Enter a unit object containing the new units.

@) EED) ! 2 25 L min
(MENU) : — Fomln
10
Step 3: Perform the conversion.
(a)(UNITS) 1: 45_"F-min

| CONY UERSE] UVAL UFACTIXUNIT] |

Calculating with Temperature Units

Temperature units are automatically converted and combined during
calculations.

8 Pure temperature units (levels or differences). The relational
operators (<, >, <, >, ==, #) interpret pure temperatures as
temperature levels relative to absolute zero for all temperature
scales. Before making the calculation, the HP 48 converts any
Celsius or Fahrenheit temperature to absolute temperatures.

The operators + and — and the functions %CH and %T require
that pure temperature arguments either both be absolute
temperatures (K or °R), both °C, or both °F. This ensures that
such operations retain their correct algebraic properties.

For all other functions, pure temperature units are interpreted
as temperature differences—they’re not converted before the
calculation.

s Combined temperature units (differences). Temperature units with
prefixes, exponents, or other units are interpreted as temperature
differences—they’re not converted before the calculation.
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Example: Determine if 12 °C is greater than 52 °F. (The > operator
interprets temperatures as levels.)

@) @D 7 1: !
12 5w =1l =l sl =] a]

PRG]) TEET

The result shows the test is true (12 °C is greater than 52 °F).

Fxample: Calculate the final temperature for an increase of 18 °F
from the current temperature of 74 °F.

(@)UNTs) (NXT) TEFF 1: 92_°F
18 F x4 pee e oo

Example: For a coefficient of linear expansion a of 20 x 107° 1/°C
and a temperature change AT of 44 °C| calculate the
fractional change of length given by a AT. (The x
command interprets temperatures as differences.)

(®)(UNITS) PRHE 1: . HHABE
20 6(>) =L T T O

&I

Whenever you must use absolute temperatures in a compound unit or
expression, be sure to enter the temperatures using absolute scale.
The HP 48 will not convert from °C or °F to the absolute scale
correctly once the temperature has become a part of a combined
expression.

Example: The ideal gas equation of state is PV = nRT, where P
is the pressure exerted by the gas (in atmospheres), V
is the volume of the gas (in liters), n is the amount of
the gas (in moles), R is the ideal gas constant (0.082057
liter-atmospheres/kelvin-mole}, and 7' is the temperature
of the gas (in kelvins).

Assuming ideal gas behavior, calculate the pressure
exerted by 0.305 mole of oxygen in a volume of 0.950 liter
at 150 °C.
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Step 1: First, enter the temperature.

(UNITS) 1: 1568_°C
, - [ [ e | Kk [ [ [ |
150 =t

Step 2:  Convert the units to kelvins. This conversion works correctly
at this point because the temperature is still “pure,” and not
yet part of a compound unit.

@ & I: 423.15_K
EEEEER R

Step 3: Multiply T (already in level 1) by n (0.305 mole).

. (ONITS) MAZE (XT)([EXT) |1: 129, B6B¢5_k*mal
%905 U'?x-; i “—--ﬁ

&)

Step 4: Multiply 2T by R, the ideal gas constant. Retrieve R from
the Constants Library before multiplying.

@)EeLB) coLlE Q@R 1 18?3 87689648 _mol+J
CoHE (X) m—-—m

Step §: Divide by V (0.950 liter) to calculate P.

95 (@J(UNITS) woL  (NXT 1: 1%2‘3. ?S‘l’r%E?B?_mol*d
L <Lamol#*
®
Step 6: Convert the pressure units to atmospheres.
@) (@ONTS) FRESE 1:  11.1478374327_atm
(&) ATH | P [ ATeL ] EdR ] PR | TORE [ HHH]

Step 7: Convert the pressure (in atmospheres) to SI base units.

(FD(UNITS) UEASE 1: 1129554.62767 ks (n
*3

CONY JUERTEFUVAL JUFRCTI*UNIT] |
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Creating User-Defined Units

If you use a unit that’s not contained in the UNITS Catalog menu,
you can create a user-defined unit that behaves just like a built-in

unit. (The Equation Library contains four user-defined units—see

page 25-15.)

To create a user-defined unit:

1. Enter a unit object using built-in or previously defined units that
equals value of 1 new unit.

2. Store the unit object in a variable—the variable name is used as
the name of the new unit.

3. Optional: Add a unit object having the user-defined unit to the
CST menu—see below. The number part is ignored. (Custom
menus are described on page 30-1.)

You can’t use the unit key in the VAR menu like unit keys in the
UNITS menus—because VAR menu keys store and recall objects.
However, if you add the user-defined unit to the CST menu, you can
use the CST menu key to enter and convert your user-defined units—
just like UNITS menu keys.

Example: Use the built-in unit 4 (day) to create the user-defined unit
WEEK. To do this, store the unit object ¥_«f in variable WEEK. Enter
a list containing an object with the new units: £1_WEEK . Store the
list in the custom menu and display the menu—press (¢}(MODES)
PERLE MEMU L

Additional Commands for Unit Objects

Key Programmable Description
Command

@)

L L UVAL Returns the number part of the level 1
unit object to level 1.

UM LT —UNIT Combines a number from level 2 with a
unit object from level 1, ignoring the
number part of the level 1 object, to
form a unit object in level 1.
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Using Mathematical Functions

Built-In Functions and Commands

Built-in functions and built-in commands are subsets of HP 48
operations. An operation is any action the calculator can perform.
(Every time you press a key, you execute an operation.) But not all
operations are equivalent to one another. They are classified into the
following categories:

e Operation. Any built-in action represented by a name or key.

# Command. Any programmable operation.
@ Function. Any command that can be included in algebraic objects.

® Analytic function. Any function for which the HP 48 provides an
inverse and derivative.

Analytic functions are a subset of functions—functions are a subset of
commands—and commands are a subset of operations.

SIN, for example, is an analytic function—it has an inverse

and derivative, can be included in an algebraic object, and is
programmable. SWAP (the command to swap stack levels 1 and 2),
however, 1s a command—it can be included in a program, but it can’t
go in an algebraic and has no derivative or inverse.

The operation index in appendix G tells you how each operation is
classified. Also, throughout the manual, HP 48 activities are referred
to as operations, commands, functions, or analytic functions where
appropriate.

Built-in function and built-in command objects describe the HP 48
command set. You can think of them as built-in program objects.
(Operations that aren’t commands are not objects—you can’t include
them in programs.)
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Expressing Functions: Algebraic Syntax

The difference between functions and other commands is that
functions can be included in algebraic expressions. The syntax used
by a function determines how it interprets its inputs (or arguments).
Functions can be classified into three types based on their syntax:

® Prefix functions. Functions such as '"SIHCHET " and P FES s, Y
whose name (or operator) comes before its argument(s) (which are
listed in parentheses and separated by commas).

s Infix functions. Functions such as + and = that come between their
two arguments.

@ Postfix functions. Functions such as ! (factorial) that come after
their argument.

Note In the expression *f{E%C ' A is treated as a prefix
function and not as a multiplicative argument. The
HP 48 interprets the expression as “apply function
i to the product of B and )" instead of “multiply

fi by the product of B and £.” If multiplication is
intended, be sure to include the multiplication
operator, ¥ (or = in the EquationWriter).
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Algebraic objects use algebraic syntax and thus use the normal rules
of algebraic precedence to determine the order in which the functions
are executed. Functions with higher precedence are performed first,
and functions with the same precedence are performed from left to
right. The HP 48’s functions have the following algebraic precedence,
from highest (1) to lowest (11):

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

2. Prefix functions (such as SIN| INV, or LOG).

3. Postfix functions (such as 1).

4. Power (™).

5. Negation (~), multiplication (#), and division ().

6. Addition {+) and subtraction ().

7. Comparison operators (==, ® <, », £, OF &).

8. Logical operators AND and NOT.

9. Logical operators OR and XOR.

0. The left argument for | (where).

11. Equals (=).

Exarnple:

Cubes A, then adds B to that quantity, since ™ has a
higher precedence than +.

Raises A to the power 3+ B, since an expression
within parentheses has a higher precedence than ™

Expressing Functions: Stack Syntax

Although there are very few postfix algebraic functions, all functions
on the HP 48 can be executed in postfix form using the stack. Stack
syntaz is postfix syntax, where the arguments are entered first,
followed by the command or function name. Postfix syntax is often
a more efficient means of using a series of functions than is standard
algebriac syntax.

Thus the HP 48 allows you to use functions in two distinct ways:
algebraic syntax within algebraic objects or in postfix syntax executed
directly on the stack. For example, the sine function can be used

i

either as *SIHCH3 ' or '#' SIH and addition can be either 'i¥+% "' or

[ RS
bt H LN
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Remember: Unless you surround functions in single-quotes (the *
tick-mark delimiters), the HP 48 assumes that you are using postfix
syntax whenever you invoke the name of a function and thus uses
(or attempts to use) objects from the stack as the arguments for the
function.

Expressions and Equations

An ezpression is an algebraic that does not contain an = function.
An equation is an algebraic that does contain an = function. For
example, "SI} ~ATAMCZ#<3+5%5% " 1s an expression, and

PAd T i
= HI 3

is an equation.

When you use an equation as the argument of a function, the function
is applied to both sides, and the result is also an equation. For
example, "H=%"' SIH returns 'SIMNOKI=SIH .

In the HP 48, = generally means equating two expressions. The
DEFINE command ((«q)}(DEF)) interprets = differently—it stores the
expression on the right side of the equal sign in the name on the left
side (see 11-7 for more details).

Symbolic Constants

The HP 48 has five built-in constants that can be included in algebraic
expressions either as symbolic constants or as 12-digit numerical
approximations. The five constants are these:

7 (3. 14153265359), the ratio of a circle’s perimeter to its
diameter.

B MAXR (3.932935395993E499), the largest positive real number
representable by the HP 48.

8 MINR (1.E-4%%), the smallest positive real number representable
by the HP 48.

The five constants are available in both symbolic and numeric forms
in the MTH CONSTANTS menu, accessed by pressing

EEM%ES. Three of the constants can also be entered directly from the
main keyboard:
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m Press (&)(7) to obtain 7.
m Press (@J(«) E to obtain e.

® Press (@)(«q) I to obtain ¢.

The HP 48 also provides 40 physical constants (with their units)
through its Constants Library. The CONST function allows these
constants to be used in symbolic form. See page 25-14 for details.

Controlling How Symbolic Constants are Evaluated

System flags —2 (Symbolic Constants) and —3 (Symbolic Results)
control whether evaluating symbolic constants return symbolic or
numeric results. The default setting for both flags is clear. 11

To control the evaluation of symbolic constants:

@ To leave a symbolic constant unchanged during evaluation, clear
flags —3 and —2 (their default states).

m To replace a symbolic constant with its numeric value during
evaluation, set flag —3.

m To replace a symbolic constant with its numeric value except
when it’s the argument of a function, clear flag —3 and set flag
—2. Pressing causes the numeric value to be used, but the
execution of another function (/, SIN, LOG, and so forth) does not.

s To force all constants to evaluate numerically regardless of the flag

settings, press («q)(=NuM).

Using Built-in Math Functions

The next six chapters (chapters 12-17) are devoted to the built-in
math functions available on the HP 48. The functions are grouped
into chapters and divided into sections.

Most of the common arithmetic and scientific functions are located on
the main keyboard. But there are many, many more that are located
in the submenus accessed using the (MTH) key. The following table
describes how to find each group of functions on the HP 48 and where
in the manual it is discussed.
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Finding Mathematical Functions on the HP 48

Trigonometric Functions
Hyperbolic Functions
Probability Functions
Percentages

Built-In Constants

=
==

=
.
{:.,
ool

ZIENZ N

Sl|= >

IixT(|lx

I s Y

Xy om o

|
~omo

-

Je

i

m
O
AN I
os}
b
3
=
e
[RE

Real-Number Functions
Complex Functions
Vector Functions
Fourier Transforms
Matrix Functions
Linear Algebra
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Iz
X
!
T
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X
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TR IR R
R Jee)

Number Base Conversions (MTH

Binary Arithmetic

Boolean Logic Operations (WMTH) &t LOGT
Date and Time Arithmetic (q)(TIME

Fraction Arithmetic {(«9)(SYMBGLIC

Applying Functions to L1587 Keyboard
Lists

Sequences and Series (MTH) LIZT

Recursive List Procedures (PRG) L IS7

Topic or Group Access Reference
Arithmetic Keyboard Chapter 12
Exponential Functions Keyboard Chapter 12
Logarithmic Functions Keyboard Chapter 12

Chapter 12
Chapter 12
Chapter 12
Chapter 12
Chapter 12
Chapter 25
Chapter 12
Chapter 12
Chapter 13
Chapter 13
Chapter 14
Chapter 14
Chapter 15
Chapter 15
Chapter 15
Chapter 16
Chapter 16
Chapter 17

Chapter 17
Chapter 17

User-Defined Functions

You can add your own user-defined functions. A user-defined function

behaves like a built-in function is several ways:

m It takes its arguments from the stack or in algebraic syntax.

B It takes symbolic arguments.
m It can be differentiated.
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Creating a User-Defined Function

The DEFINE command lets you create a user-defined function
directly from an equation. The equation must have the form
‘pamer arguments w=erpression .

To create a user-defined funclion:

1. Enter an equation that specifies the function name and its
arguments on the left side, and the expression that defines the
calculation on the right side. On the left side, use commas to

separate multiple arguments.
2. Press (&)(DEF) (the DEFINE command).

Example: Use DEFINE to create CMB, a user-defined function that
calculates the number of combinations C of n different
items taken 1, 2,3, ... n at a time: C'= 27 — 1.

Step 1: Enter the equation for CMB.
CMB N |1z 'CMBn)=2"n-1"
@E@2200@®NA!

Step 2: Execute DEFINE. Select the VAR menu and note that it
now contains the user-defined function CMB.

()(BED) | I T O O T TR |

Executing a User-Defined Function

A user-defined function is executed just like a built-in function—it
can take numeric or symbolic arguments, either from the stack or in
algebraic syntax.
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To execute a user-defined function:

® To use the stack, put the arguments on the stack in the same order
they appear in the left side of the function definition (the last
argument should be in stack level 1), then press the function key In
the VAR menu (or type the function name and press (ENTER)).

m To use algebraic syntax, press (7)), press the function key in the
VAR menu (or type the function name), press (D), enter the
algebraic arguments in their proper order and separated by commas

then press (or press to evaluate the expression).

Example: Execute the user-defined function CMB from the ecarlier
example to make the following calculations.

5

Step 1: Calculate the total number of ways to combine one or more
of four items (n = 4).

4 CHE 1: 15
| LEME [PPaR] & [PRTPA[IDPRR]Exi)

Step 2: For the same value of n, calculate the combinations in
algebraic syntax.

() e (4
EAD

oF 15
: 15
LCHE [PPAE] 1 [PRTPA]IDFAK |ExAH]

Step 3: Calculate CMB(Z) in algebraic syntax, where 7 is a formal
variable. (Purge Z to make sure is doesn’t contain an

object.)
Z (PURG) ]: e

Nesting User-Defined Functions

Just like built-in functions, user-defined functions can be included in
the defining expression of a user-defined function.
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Example: Write a user-defined function to calculate the ratio of
surface area to volume of a box. The formula for this
calculation is

A Q(hw + hl+ wl)

where h, w, and [ are the height, width, and length of the
box.

Step 1: First, create a user-defined function BOXS to calculate the
surface area of the box. Use the EquationWriter application
to key in the equation.

() EQUATION)
@@BOXS @)= U
@WEO@L@® |3(hsw, 1)=2-(hu+h 1+l
e

+

MEHLOE@VY®L

Step 2: Enter the equation and create the user-defined function.
Leo:: | ik [Ppik] & [PRTPALIOPHE ]
(w)(GED)

Step 3: Now create a user-defined function BOXR to calculate the
ratio of surface area to volume. Use the EquationWriter
application to key in the equation.

(<) (EQUATION)
f?«?%ﬁ%% %X@ AR (4, 2) =%%—"‘l
@O WD b5 @)
DAL e
M@RYX®?Z

Step 4: Enter the equation and create the user-defined function.
0k [ EDS [ CHE JPRAR ] f [RETPH

DEF
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Step 5: Use BOXR to calculate the ratio of surface area to volume
for a box 9 inches high, 18 inches wide, and 21 inches long.
Enter the height, width, and length, then execute BOXR.

9 (ENTER) 18 (ENTER) 21 l: . 428571428571
EOWE [E0:k [ B0 ] CME [PPAR | n  [PETPA|

Note that BOXS was defined using A, w, and [ as variables, and that
BOXS takes z, y, and z as arguments in the definition for BOXR. It
makes no difference if the variables in the two definitions match—each
set of variables is independent of the other.
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Functions of Real and Complex

Numbers

Math Functions on the Main Keyboard

The following tables describe built-in commands that appear on

keyboard.

Arithmetic and General Math Functions

|

Elcicjola
> . ¥

XROOT

‘ﬁ

Key Programmable Description
Command
INV Prefiz. Inverse (reciprocal).
V4 Prefir. Square root.
() SQ Prefiz. Square.

+/- NEG Infiz. Change sign. Changes the sign of
the number in the command line. When
no command line is present,
executes a NEG command (changes the
sign of the argument in level 1).

+ Infiz. Level 2 + level 1.

Infiz. Level 2 — level 1.

Infiz. Level 2 x level 1.

Infiz. Level 2 + level 1.

Infiz. Level 2 raised to the level 1
power. The algebraic syntax for the *
command is fyTr .

Prefir. The zth (in level 1) root of a
real value in level 2. The algebraic
syntax for the XROOT command is

PEROOT .y "
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Exponential and Logarithmic Functions

Key Programmable Description
Command
(&) (20%) ALOG Prefiz. Common (base 10)
antilogarithm.
() (LogG) LOG Prefiz. Base 10 logarithm.
() EXP Prefiz. Natural (base ¢) antilogarithm.
)N) LN Prefiz. Natural (base ¢) logarithm.

Trigonometric Functions

For trigonometric functions, the angle arguments and results are
interpreted as degrees, radians, or grads, depending on the current

angle mode.

Trigonometric Functions

Key Programmable Description
Command

SIN SIN Prefiz. Sine.
{#=)(ASIN) ASIN Prefiz. Arc sine.

COS COSs Prefiz. Cosine.
(9)(Ac03) ACOS Prefiz. Arc cosine.

TAN TAN Prefiz. Tangent.
(=) (ATAN) ATAN Prefiz. Arc tangent.
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Hyperbolic Functions
Hyperbolic functions are found in the MTH HYP menu ((MTH)

).

Key

Programunable
Command

Description

MTH

SINH
ASINH

COSH
ACOSH

TANH

ATANH

EXPM

LNP1

Prefiz. Hyperbolic sine: (" — e /2.
Prefiz. Inverse hyperbolic sine: sinh™*
Prefix. Hyperbolic cosine: (e + e /2.
Prefiz. Tnverse hyperbolic cosine:
cosh™! 7.

Prefiz. Hyperbolic tangent:

sinh x/cosh z.

Prefiz. Inverse hyperbolic tangent:
sinh"l(r/\/l—:— 77).

Prefiz. € — 1. Argument z is in level 1.
(EXPM is more accurate than EXP
when the argument to ¢” is close to 0.)

Prefiz. In (z + 1). Argument z 1s in
level 1. (LNP1, In plus 1, is more
accurate than LN when the argument to
In is close to 1.)
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Probability and Test Statistics
Use the commands in the PROB {(probability) menu ((MTH)

) to calculate combinations, permutations, factorials, random
numbers, and upper-tail probabilities of various test statistics.

X
H

Probability Commands

Key Programmable Description
Command

(MTH) (NXT) F

I

Prefiz. Number of combinations of n (in
level 2) items taken m (in level 1) at a
time.

PERM Prefiz. Number of permutations of n
(in level 2) items taken m (in level 1) at
a time.

! Postfiz. Factorial of a positive integer.
For non-integers, ! returns I'(z + 1).

RAND Command. Returns the next real
number 2 (0 < n < 1)in a
pseudo-random number sequence. Each
random number becomes the seed for
the next random number.

BOE RDZ Command. Takes a real number from
level 1 as a seed for the next random
number (from RAND). 0 in level 1
creates a seed based on the clock time.
A sequence of random numbers can be
repeated by starting with the same

nonzero seed.

Calculating Test Statistics

Test statistics are calculated using values you enter on the stack—
they do not use the statistical data stored in S DAT in the STAT
application.
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Test Statistics Commands

Keys Programmable Description
Command
(MTH) (NXT) FEOE (NXT)
HUTELD UTPC Upper-tail chi-square distribution.

Prefiz. Takes the degrees of freedom

from level 2 and a real number (z) from
level 1, and returns the probability that
a x? random variable is greater than z.

HTRE UTPF Upper-tail f distribution. Prefiz. Takes
the numerator degrees of freedom from
level 3, the denominator degrees of
freedom from level 2, and a real number
(z) from level 1, and returns the
probability that a Snedecor’s F random
variable is greater than z.

HTFEH UTPN Upper-tail normal distribution. Prefiz.
Takes the mean from level 3, the
variance from level 2, and a real number
(z) from level 1, and returns the
probability that a normal random
variable is greater than z for a normal
distribution.

HTRT UTPT Upper-tail t distribution. Prefiz. Takes
the degrees of freedom from level 2 and
a real number (z) from level-1, and
returns the probability that the
Student’s t random variable is greater
than z.

HEOTET NDIST Normal distribution. Prefiz. Takes the
mean from level 3, the variance from
level 2, and a real number (z) from level
1, and returns the density function at z
for a normal distribution.

Note that, when used as an argument for these commands, the number
of degrees of freedom must be between 0 and 499. Also, in the
calculations, the degrees of freedom are rounded to the nearest integer.
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Example: The scores on a final exam approximate a normal curve
with a mean of 71 and standard deviation of 11. What
percentage of the students scored between 70 and 897

12 70 89

Step 10 First, calculate the probability that a student chosen at
random obtained a score greater than 70. (Square the
standard deviation to get the variance.)

1: . 236217536697
71 (ENTER) [UTPC [ UTPF [UTPN [UTFT TNOTET] ]
11 ()
70 UTFH

Step 2: Now, do the same calculation for a score of 89, after recalling
the last argument used.

)@rg) (@

89 LITEH

s . 23621 7586657
1: 0. HB81 /524 706E-2
[UTP: [UTPF [UTFNTUTPT [N0ET] |

Step 3: Subtract the two values. About 49% of the students scored
between 70 and 89.

S 1: . 4823353834221

UTRF UTPT [NBIST]
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Real Number Functions

Some functions can only use real numbers as arguments. Among these
are angle conversions, percentages, and several functions that round,

truncate, or extract parts of real numbers.

Angle Conversion Functions

Two commands in the MTH REAL menu convert values between
decimal degrees and radians. Two other commands in the TIME
menu let you do degrees-minutes-seconds calculations using
hours-minutes-seconds (HMS) format.

In Degrees mode, angle arguments and results use decimal degrees.

Angle Conversion Functions

Key Programmable Description
Command
MTH]) FEFAL {(NXT):

Lo D—R Prefir. Degrees to radians. Converts a
number from a decimal degree value to
its radian equivalent.

P R—D Prefiz. Radians to degrees. Converts a
number from a radian value to its
decimal degree equivalent.

(«)(TME) (NXT):

FHME —HMS Decimal to HMS. Converts a number
from decimal degrees to HMS format.

HPEs HMS— HMS to decimal. Converts a number
from HMS format to decimal degrees.

HMS+ Adds two angles in HMS format.
HMS~ Subtracts two angles in HMS format.
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The following illustrates the conversion to and from HMS format:

Decimal Format Hours-Minutes-Seconds Format
Hours (or degrees) Hours (ordegrees) Seconds
! >HMS
1.42673 4 >1. 2536228
— HMS > ?
Fractional hours {or degrees) Mmutes Fractional seconds

12

Example: Convert 1.797 radians to degrees.

Step 1: First, enter 1.797.

1.79 (ENTER) Il '1.79%y! l
@ [UECTRIMATE] LIST | HYP | REAL | ERZE

Step 2: Use the R—D function. (The function acts independently of
the current angle mode.)

[MTH] REAL (NXT) (NXT)

1: 'Re0C1, 7P9x) !
[ D [TRNC [FLODE] CEIL T Dk [ ko0 |

Step 3:  Use —NUM to obtain a numeric result.

)ERRD A

Example: Convert 25.2589 degrees to degrees, minutes, and seconds.

25.2589 (TIME ) (NXT ) : .
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Percent Functions

Percent Functions

Key Programmable Description
Command
MTH
% Prefiz. A percent of B, or B percent of
A (Aisin level 2, B is in level 1):
(A x B)/100.
N %CH Prefiz. The percent change from A to

B, as a percentage of A (A is in level 2, 12 -
B isin level 1): ((B — A)/A) x 100.
%T Prefiz. The percent of total (the total
A, is 1n level 2 and the value, B, is in

level 1): (B/A) x 100.

-

Other Real-Number Functions

The functions in the following table are found in the MTH REAL
menu ((MTH) RE#L.).

Example
Comuand/Description
Input Output

ABS Prefiz. Absolute i -1z i iz
value.
CEIL Prefiz. Smallest i -5 i =
integer greater than or equal
to the argument. i3 5.5 0 1t 4
FLOOR Prefiz. Greatest ii g.9 1 =
integer less than or equal to
the argument. i3 ~&.F | 1 -7
FP Prefiz. Fractional part i3 S.E234 1 2o
of the argument.

1 ~5. 204 1 - 20d
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Command/Description

IP  Prefiz. Integer part of
the argument.

e

foms

Lo

MANT Prefiz. Mantissa of
the argument.

s

o
]

MAX Prefiz. Maximum,;
the greater of two
arguments.

ol

MIN Prefiz. Minimum,; the
lesser of two arguments.

Ll k1
sy mn

s

MOD Prefiz. Modulo;
remainder of 4 /5. A MOD
B = A~ B FLOOR (“/p).

[ Y]
T

e

RND Prefiz. Rounds
number according to
argument: n = 0 to 11
rounds to n FIX, n = —11
to —1 rounds to n significant
digits, and n = 12 rounds to
current display format.

[ X
s

[ S ]

ey
“

foets
u

ot

fote

AR e £ nd

SIGN Prefiz. Returns +1
for positive arguments, —1
for negative arguments, and
0 for arguments of 0.

ke
T

TRNC Prefiz. Truncates
number according to
argument: n = 0 to 11
truncates to n FIX, n =
—11 to —1 truncates to n
significant digits, and n = 12
truncates to current display
format.

P

I

XPON Prefiz. Exponent of

the argument.
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Complex Numbers

Most functions that work with real numbers also work with complex
numbers. So, the way you use complex numbers is similar to the way
you use real numbers.

The examples in this section assume the calculator is set to Degrees
mode. (Press (|9)(MODES) FiFzlL  ['EG  to set Degrees mode.)

Displaying Complex Numbers

You can display complex numbers as either rectangular coordinates or
polar coordinates—in Rectangular mode or in Polar mode.

To display rectangular coordinates for complex numbers:

e Press ((#)(POLAR) until no coordinate annunciator is on.

or

@ Press (»}(MODES) (¥) (¥), then press until Fect araular is
displayed in the COORD 2¥ZTEM: field. Confirm your selection by
pressing . OF

To display polar coordinates for complex numbers:
& Press ((#)(POLAR) until the R4Z or R« coordinate annunciator is

on.

or
® Press ((»)(MODES) (V) (V), then press until Faolar is displayed

in the COORD SYSTEM: field. Confirm your selection by pressing
ik

Even though only two coordinate modes are needed for complex
numbers, three coordinate modes are available on the HP 48 (to
provide for three-dimensional vectors)—Rectangular mode, Polar
(cylindrical) mode, and Spherical mode.

Complex numbers are displayed inside parentheses. In rectangular
form, the real and imaginary parts are separated by a comma. (If
the Fraction Mark is set to comma, they’re separated by a semicolon
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instead.) In polar form, the magnitude and phase angle are separated
by a comma and angle sign («). (The angle is based on the current
angle mode: Degrees, Radians, or Grads.) Regardless of how complex
numbers are displayed, the HP 48 stores them internally in rectangular
form.

Display Modes

Rectangular Polar
Real axis B

(a.b) (r. <e)

_Imaginary axis

Entering Complex Numbers

You can enter complex numbers using either rectangular coordinates
or polar coordinates.

To enter a complex number:

# To enter rectangular coordinates, press (.9)((]), enter the

coordinates separated by or (.9)(), and press (ENTER).
m To enter polar coordinates, press (¢q)((])), enter the coordinates

separated by ()(&]), and press (ENTER).

The internal rectangular representation of all complex numbers has
the following effects on polar numbers:

& ¢ is normalized to the range £180° (+x radians, £200 grads).

e If you key in a negative r, the value is made positive, and 6§ is
increased by 180° and normalized.

& If you key in an r of 0, 4 is also reduced to 0.
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Real Calculations with Complex Results

The complex-number capabilities of the HP 48 can affect the results
of real-number operations. Certain calculations that would result in
an error on most calculators yield valid complex results on the HP 48.
For example, the HP 48 returns a complex number for the square root
of —4. Also, the arcsine of 5 yields a complex result.

You'll find that for most calculations, the HP 48 gives you the type of
result (real or complex) you expect. However, if you find that you get
complex results when you expect real results, check your program or
keystrokes for these potential causes:

m The data you supplied to the calculator may be outside the range of
the formula you are calculating.

@ The formula (or its execution) may be incorrect.

m A rounding error at a critical point in the formula may have
compromised the computation.

® A complex result may be unexpected, but correct, for your problem.

Other Complex-Number Commands

Most commands that operate on real numbers also operate on complex
numbers (such as SIN, INV, * and LN). The following table describes
additional commands that are especially useful for complex numbers.

The remaining commands are found in the MTH CMPL menu (press

CHFL .

L Example
Command /Description
Input Output
ABS Prefiz. A_bsolute i DR 3 i 5
value; /22 + y2.
ARG Prefiz. Polar angle of | i: Clel 1 45
a complex number.
CONI Prefiz. Complex i: DR iz (2, —33
conjugate of a complex
number.
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Command/Description

Example

Input

Output

C—R Command. Complex
to real; separates a complex
number into two real
numbers, the rectangular
coordinates z and y.

azm

IM  Prefiz. Imaginary (y)
part of a complex number.

NEG Infiz. Negative of its
argument.

ot
ot
e

RE Prefiz. Real (z) part of
a complex number.

TS

"
na

R—C Command. Real to
complex; combines two real
numbers into a complex
number (z,y).

"

ot

SIGN Prefiz. Unit vector
in the direction of the
complex number argument;

(o Vo)

(el i3

5
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Vectors and Transforms

All vectors are array objects. The general case of n-dimensional
vectors is covered 1n chapter 14, “Matrices and Linear Algebra”—this
chapter deals primarily with 2D and 3D vectors.

Displaying 2D and 3D Vectors

You can display 2D vectors as either rectangular components
(L X Y I)or polar components ([ R & I)—in Rectangular mode or
in Polar mode.

a Two-Dimensional Display Modes

Vs T . Rectangular Polar

v X [ab] Ir o]

2D Vector Components

You can display 3D vectors as rectangular components (I X Y 7 3),
cylindrical components (L B & Z 1), or spherical components

(L R A A 1)-—n Rectangular mode, mn Cylindrical mode, or in
Spherical mode.
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) ) Three-Dimensional Display Modes

r Rectangular Cylindrical Spherical

[abec] [rxy <6¢] [reo.¢]

3D Vector Componentis

Polar mode is actually two modes—Cylindrical mode and Spherical
mode. For 2D vectors, Cylindrical and Spherical modes are
interchangeable—Dboth give the same two-dimensional results.

To display rectangular components:

m Press ()(POLAR]) until no coordinate annunciator is on.

or

m Press WELTER RECT .
To display polar {cylindrical or spherical) components:

m Press ()(POLAR) until the F4Z or Fis coordinate annunciator is
on.
or

m Press HEDTER 2% TH (for cylindrical/polar) or

ZFEMER (for spherical/polar).

The = in the menu label, and the coordinate annunciator, indicate the
active coordinate mode:

Vectors are displayed inside [ 1 delimiters. In rectangular form, the
components are separated by spaces. In polar (cylindrical or spherical)
form, angles are preceded by an angle sign (). (The angle is based on
the current angle mode: Degrees, Radians, or Grads.) Regardless
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of how vectors are displayed, the HP 48 stores them internally in
rectangular form.

If you enter one type of coordinates, you can simply change the
coordinate mode to convert vectors to the new coordinate mode.

Entering 2D and 3D Vectors

You can enter 2D and 3D vector components using rectangular,
cylindrical/polar, or spherical /polar form.

To enter a 2D or 3D vector:

& To enter specific components, press @@, enter the components
separated by or (#)(&), and press (ENTER). (Press (2}(&)
just before each angular component.)

g To use the current coordinate mode, enter the two or three
component values and press WECTR  #%E. or W3
(Don’t enter «.)

The internal rectangular representation of all vectors has the following
effects on displayed polar (cylindrical and spherical) vectors:

8 0 is normalized to within +£180° (£7 radians, 4200 grads).
® ¢ is normalized to within 0 to 180° (0 to 7 radians, 0 to 200 grads).

If you key in a negative r, the value is made positive; f is increased
by 180°, ¢ is subtracted from 180°, and both are normalized.

e If ¢ 18 0° or 180°, 8 is reduced to 0°.

m If you key in an r of 0, @ and ¢ are reduced to 0°.

To assemble a 2D or 3D vector from components on the stack:

e For a 2D vector, enter a component on level 1 and level 2, press
(MTH) WECTR  +¥Z . The components are interpreted according
to the current coordinate mode.

m [or a 3D vector enter a component on level 1, level 2, and level
3, press = %% . The components are interpreted

according to the Current coordmate mode.
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To take apart a 2D or 3D vector on the stack:

B Press HEnTE we o The returned values are the same as
the displayed components.

Vector Math Commands

A vector, like a real number, is a single object. So you can use vectors
as arguments for commands. You can add and subtract vectors—

you can multiply and divide vectors by scalars—and you can execute
special vector commands (DOT, CROSS, and ABS). These special
commands interpret their arguments and return results using the
current coordinate mode and can be found in the MTH VECTR

menu((MTH) HELTER).

Example

Command/Description
Input Output

1

1

i

1}
s
bomd
.
pRH
11
o0
wn

+
bkl
o
Eanl

ABS Prefir. Returns the 121
scalar magnitude of vector,
calculated as the Frobenius
norm—defined as the square
root of the sum of the
squares of the absolute value
of each element.

DOT Command. Returns
the inner or dot product (a
scalar) of two vectors of
equal dimensions.

or
P

e
«
[ N S W

CROSS Command.
Returns the cross product (a | 12L -1
3D-vector) of two vectors.
Two element vectors will
have a third zero element
added during execution.

X%}
[t
{u

Pox (33
Eai =%
[}
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Additional commands for manipulating vectors and elements of vectors
are covered in chapter 14.

Examples: Calculating with 2D and 3D Vectors

To calculate with vectors:
m Enter the vectors on the stack, then execute the command.

Example: Finding the Unit Vector. A unit vector parallel to a given
vector is found by dividing a vector by its magnitude:

1. Enter the vector.

2. Duplicate the vector (press a second time).
3. Press WELTRE FES  to compute the magnitude of the

vector.
4. Press () to divide the vector by its magnitude to get the unit
vector.

Example: Finding the Angle between Vectors. The angle between
two vectors is given by

V1<V2}

— -1 T
angle = cos [wlt V2

1. Enter the two vectors onto the stack.

2. Press WECTRE DOT - to take the dot (inner) product.

3. Press (;»)(ARG) to return the two vectors to the stack.

4. Press AEZ  (9q) AES  to find the magnitude of each
vector.

5. Press (x) to multiply the magnitudes.

6. Press (3} to divide the product of the magnitudes into the dot

product.
7. Press ()9)(ACOS) to find the angle between the vectors.
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Example: Finding the Component in One Direction. The following
diagram represents three 2D vectors. Find their sum, and
then use DOT to resolve them along the 175° line. (This
example assumes Degrees mode is active.)

o 185 « 629
170 < 143

175°

13

100 « 261°

Step 1: Set Polar-cylindrical mode, enter the three vectors, and find
their sum.

SO 170 T Eren |- a1 133604008
170 143 <111,

(=@ 185 (P)(&) 62 R R T s
@D 100 (@)(&) 261

Step 2: Enter the unit vector of 175°, and find the magnitude of the
resultant vector along the 175° line.

1 175 1: 78, 8585649565
E(EETJF. i ) [AEs | 00T [CROsE] Y ] 302 [ 03 |
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Fast Fourier Transforms

A physical process can be described in two distinct ways:

m The change of a quantity, £, as a function of time, ¢ (h(1)).
8 The change of an amplitude, #, as a function of frequency, f (H(f)).

For many situations, it helps to consider k(%) and H(f) as two different
representations of the same function. Fourier transforms are used to
switch between these representations, or domains.

The HP 48 can perform discrete Fourier transforms, whereby a
sequence of discretely sampled data can be transformed into the
“other” domain. The HP 48 performs “Fast” Fourier transforms,
which make use of computational efficiencies that require that the
number of rows and the number of columns in the sample set to be a
integral power of 2.

Fast Fourier transforms are most commonly used in analyzing
one-dimensional signals or two-dimensional images. The HP 48
commands can handle both cases. In the first case the data should be
entered as a vector of N elements where N is an integral power of 2 (2,
4, 8,16, 32, ... ). In the second case, the data should be entered as

a matrix of M rows by N columns where both M and N are integral
powers of 2.

The “forward” transformation (FFT) maps an array of MxN real or
complex numbers (hy) in the time domain to an array of MxN real or
complex numbers (Hy,) in the frequency domain:

N-1
f]k = Z hne—Qﬂ'ikn/N
n=0

The “inverse” transformation (IFFT) maps an array of MxN real or
complex numbers (H,) in the frequency domain to an array of MxN
real or complex numbers (hy) in the time domain:

1 N-1
7\7_ Z Hk(/)ZMkn/N
k=0

hn
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To prepare an array for fast Fourier transforms:

1.

Put the array of data on the stack.

2. If necessary, add zeros to the array so that all dimensions are equal

to an integral power of two. See chapter 14 for efficient ways to add
columns or rows of zeros to matrices.

To use a fast Fourier transform:

1.

Enter the array of data to be transformed (or its name) onto
the stack. Make sure its dimensions are integral powers of 2 (see
above).

. Press FFT FFT  to transform the data from the

time domain to the frequency domain.

or
Press FFT - IFFT to transform the data from the

frequency domain to the time domain.

Example:  Using FFT and IFFT for forward and inverse fast Fourier

transforms. The example uses the elements of a random
vector to represent a sampled signal.

Create a 16-element random vector on the stack: enter {183 RAHM.
Compute the one-dimensional discrete Fourier transform of this
signal: execute FFT. The elements of the resulting vector represent
the frequency components of the original signal.

. Reconstruct the original signal by computing the one-dimensional

inverse discrete Fourler transform: execute IFET. The result is the
same as the original signal, subject to small rounding errors.

You can compute two-dimensional Fourier transforms using matrices
as arguments. For instance, use a random 16x 16 matrix in the above
example: {16 163 RAMM.
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Mairices and Linear Algebra

The HP 48 has extensive capabilities for entering and manipulating
arrays. Array objects represent both vectors and matrices. Many

of the operations described in this chapter also apply to vectors.
Wherever this is the case, the more general term array is used instead
of matriz.

Creating and Assembling Matrices
You can enter a matrix two ways:

e MatrixWriter application. A visual method of entering, viewing, and
editing array elements.

a Command line. The basic object-entry method.

To enter a new malrix using the MatrixWriter:

1. Press (@#)(MATRIX] to display the MatrixWriter screen and menu.

2. For each element in the first row, do one of the following:

B Type the real or complex number and press (ENTER). You cannot
mix real and complex elements in the same matrix.

m Compute the element using the command line and press (ENTER).
To compute an element, type in the arguments (press to
separate arguments) and press the desired function keys.

3. Press (¥) to mark the end of the first row (which specifies the
number of columns in the matrix).

4. For each element in the rest of the matrix, either type in a value or
compute it in the command line and then press (ENTER). Or, if you
wish, enter numbers into more than one cell at a time by typing
them all into the command line (pressing to separate each
number), and then pressing once to enter them all.
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5. After you've entered all of the numbers in the matrix, press (ENTER

to put the matrix on the stack.

For more details about using the MatrixWriter, see chapter 8.

To enter a matrix using the command line:
L. Press («9){[T) and («q)({]) to type the delimiters for the matrix and

for the first row.
2. Key in the first row. Press (SPC) to separate the elements.
Press () to move the cursor past the 3 row delimiter.
4. Optional: Press ((#)(<2) (new line) to start a new row in the
display.
. Key in the rest of the matrix. You don’t need { 1 delimiters for
subsequent rows—they’re added automatically later.

6. Press (ENTER).

The HP 48 has built-in commands to automatically create special
matrices that are often used in conjunction with matrices you create
element by element.

[

fabins

To create an array filled with a given constant:

1. Enter one of the following onto the stack:
m A list containing the dimensions of the desired constant array:
L rows columns Z.
m Any array whose elements you don’t mind changing.
2. Enter the constant that you want in the array.
3. Press MATE MAKE  ©0OH . This returns an array of the
same dimensions as you entered (or that the argument array had)
filled with your chosen constant.

To create an identity mabrbx:

1. Enter one of the following onto the stack:

B8 A real number representing the number of rows and columns
you want in the square identity matrix (fractional values are
rounded).

B Any square matrix whose elements you don’t mind changing.

2. Press MATE  MAKE IDHM . Returns a square identity

matrix of the given dimensions.
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To create an array filled with random integers:

1. Enter one of the following onto the stack:

& A list containing the dimensions of the desired random array:
i rows columns .
® Any array Whose elemen‘m you don’t mind changing.

2. Press MATE : . Returns a random array
have the dlm@nslon schncied by the list or array argument. The
array elements are all integers in the range [-9 9]. Each integer is
as likely as any other except for 0, which is twice as likely as the
others.

To assemble a matrix by rows from a series of vectors:

1. Enter each vector onto the stack in the order you want them to
appear in the matrix. Enter the row 1 vector first, then the row 2
vector, and so forth, entering the bottom row vector last.

2. Enter the number of rows in the desired matrix.

3. Press MFTE i+ to assemble the vectors into a

matrix.

1o assemble a matrix by columns from a series of vectors:

1. Enter each vector onto the stack in the order you want them to
appear in the matrix. Enter the column 1 vector first, then the
column 2 vector, and so forth, entering the right-most column
vector last.

2. Enter the number of columns in the desired matrix.

3. Press FATE I % to assemble the vectors into a
matrix.

To assemble a malrix with a particular diagonal from a vector:

1. Enter the vector containing the diagonal elements.
2. Enter one of the following:
m A list containing the dimensions of the desired matrix:
I rows columns .
m A real number representing the number of rows and columns in
the desired square matrix.

3. Press B to create a matrix of the
desired dimensions using the elements of the diagonal vector as
the diagonal elements of the matrix. If the vector contains more
diagonal elements than are needed to create the matrix, the extra
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elements are discarded. If the vector does not contain enough
elements to complete the matrix, the undefined diagonal elements
are set to zero.

Disassembling Matrices

The HP 48 assembles and disassembles the elements of a
two-dimensional matrix according to row-major order. Beginning
with the first element (the element in row 1 and column 1), row-major
order assumes that the “next” element is the next one in the row. If
there are no more elements in the row, then the “next” element is the
first element in the next row. The row-major convention thus works
much like a left-to-right word processor that fills up (or removes) one
line before “wrapping around” to the beginning of the next line.

To disassemble a matrix into its elements:

1. Enter the matrix onto the stack.

2. Press TYFE dE.Jd% . The matrix is disassembled in
row-major order, leaving each element on its own stack level. Level
1 contains a list of the original dimensions of the matrix.

To assemble a matrix from a sequence of elements:

1. Enter the elements onto the stack in row-major order.

2. Enter a list containing the dimensions of the desired matrix:
L rows columns .

3. Press TYFE #HEE to assemble the matrix.

To disassemble a matrix into row vectors:

1. Enter the matrix onto the stack.

2. Press MATE: RO +RE0M . The matrix is disassembled
into row vectors (first row to last). Level 1 of the stack contains a
real number representing the number of rows in the original matrix.

To disassemble a matrix into column vectors:

1. Enter the matrix onto the stack.
2. Press MATE OOl #0000 . The matrix is disassembled
into column vectors (first column to last). Level 1 of the stack
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contains a real number representing the number of columns in the
original matrix.

To extract the vector of diagonals from a malrix:
],

1. Enter the matrix onto the stack

2. Press NXT

elements as a vector.

to extract the diagonal

Inserting Rows and Columns

To insert one or more new rows into a matrix:

1. Enter the target array—the one you wish to modify—onto the
stack.

2. Enter the vector, matrix, or element (when the target array is a
vector) you want to insert. An inserted array must have the same
number of columns as the target matrix.

3. Enter the row number where you want the first {or only) inserted
row to be. The elements currently located in that row, and in all
rows below, will be shifted down to accommodate the insertion.
Row numbels start at 1 not 0.

4. Press

to insert the new row(s).

To insert one or more new columns into an array:

1. Enter the target array—the one you wish to modify—onto the
stack.

2. Enter the vector, matrix, or element (when the target array is a
vector) that you wish to insert. An inserted array must have the
same number of rows as the target array.

3. Enter the column number where you want the first (or only)
inserted column to be. The elements currently located in that
column, and in all columns to the right, will be shifted right to
accommodate the insertion. C,ohmm numbers start at 1, not 0.

4. Press (MTH) -F

to insert the new columns.
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Extracting Rows and Columns

To extract a particular row from an array:

1.
2.

Enter the array onto the stack.
Enter the row number (or element number if the array is a vector)
that you wish to extract.

. Press MATRE . EOM - EOWM~ . The extracted row vector

{or element) is returned to level 1 and the contracted array—with
the row or element deleted—is returned to level 2.

To extract a particular column from an array:

1.
2.

Enter the array onto the stack.
Enter the column number (or element number if the array is a
vector) that you wish to extract.

. Press (MTH) MATE  £0L. 0L~ . The extracted column

vector (or element) is returned to level 1 and the contracted
array—with the column (or element) deleted—is returned to
level 2.

Swapping Rows and Columns

To swap the location of two rows in an array:

I.

Enter the array onto the stack. If the array is a vector, it is
considered to be a column vector.

2. Enter the two row numhcrg that are to be swapped.

NXT) EEMF . The modified array is

Press (MTH) MATE RO

returned to Ievel 1.

To swap the location of two columns in an array:

L.

Enter the array onto the stack. If the array is a vector, it is
considered to be a row vector.

Enter the two column numbers that are to be swapped.

Press T CEWP . The modified array is

returned to level 1.
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Extracting and Replacing Elements of Matrices

To extract the array element at a specified position:

1. Enter the array onto the stack.
9. Enter one of the following:
m A list containing the row and column number of the element you
wish to extract: 4 row column I
@ The position number of the element you wish to extract. (For
matrices, this is interpreted as row-major order.)
3. Press MATE  HMARE GET . to extract the specified

array element.

To replace an array element at a specified position:

1. Enter the array onto the stack.
2. Enter one of the following:
® A list containing the row and column number of the element you
wish to replace: 4« row column .
@ The position number of the element you wish to replace. (For
matrices, this is interpreted as row-major order.)
3. Enter the new replacement element.
4. Press MAETE MR (NXT) JFUT S to replace the element
at the specified location with the new element.

Characterizing Matrices

Matrix calculations are often sensitive to special characteristics of the
matrices used. The HP 48 has a number of commands that return
characteristics of matrices. Note that some commands are only defined
for square matrices, some for any rectangular matrix.
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Commands for Characterizing Matrices

Programmable
Command

Description

MATRE . MAKE

SIZE

Command. Returns the dimensions of
the array on level 1 of the stack.

PR

ShENR

FHEM

CHEM

ABS

SRNM

RNRM

CNRM

Prefiz. Returns the Frobenius norm of a
matrix and the Euclidean length of a
vector: the square root of the sums of
the squares of the absolute values of the
elements.

Command. Returns the spectral norm
of an array. The spectral norm of a
matrix is equal to the largest singular
value of the matrix. Same as ABS for a
vector.

Command. Returns the row norm of an
array. The row norm of a matrix is the
maximum value (over all rows) of the
sums of the absolute values of all
elements in a row. The row norm of a
vector is the maximum absolute valiie of
its elements.

Command. Returns the column norm of
an array. The column norm of a matrix
is the maximum value (over all
columns) of the sums of the absolute
values of all elements in a column. The
column norm of a vector is the sum of
the absolute values of its elements.
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Commands for Characterizing Matrices (continued)

Key Programmable Description
Command
LEAD SRAD Command. Returns the spectral radius

of a square matrix. The spectral radius
is the absolute value of the largest
eigenvalue of the matrix.

COND Command. Returns the column-norm
condition number of a square matrix.
The condition number is defined to be
the product of the column norm of a
square matrix and the column norm of
its inverse.

EAHE RANK Command. Returns an estimate of the
rank of a matrix. The rank of a matrix
is equal to the number of nonzero
singular values of the matrix. If Flag
—~54 is clear (default), RANK treats any
computed singular value less than 10714
times the size of the largest computed
singular value as zero. If Flag —54 is
set, RANK counts all nonzero singular
values no matter their size.

DET DET Command. Returns the determinant of
a square matrix. DET checks flag —54,
and will refine its computed value only
if —54 is clear (default).

TRACE Command. Returns the trace of a
square matrix. The trace of a matrix is
equal to the sum of the diagonal
elements and also equal to the sum of
the eigenvalues of the matrix.
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Transforming Matrices

To transpose a matrix:

1. Enter the matrix onto the stack.

2. Press MATE MAEE  TEHM  to transpose the matrix. The
first row of the original matrix is now the first column, the original
second row is now the second column and so forth. This computes
the conjugate transpose of complex matrices.

To invert a square matrix:

1. Enter the square matrix.

2. Press to invert the matrix. Note that matrix inversion can
produce erroneous results if you are using ill-conditioned matrices.
See “lll-Conditioned and Singular Matrices” on page 14-16.

To change the dimensions of an array:

1. Enter the array onto the stack.

2. Enter a list containing the new dimensions of the array:
i rows columns %,

3. Press MATE. FAKE  REDM  to redimension the array.
Elements from the original array are placed in row-major order into
the newly-dimensioned array. If there are fewer elements in the new
array than in the original one, the excess elements are dropped. If
there are more elements in the new array than in the original one,
the missing elements are filled with zeros (or ¢, &3 if the array is
complex).
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Calculating with Matrix Elements

To add or subtract two malrices:

1. Enter the two matrices onto the stack in the same order as you
would to add or subtract real numbers. They must have the same
dimensions.

2. Press to add or (=) to subtract. The single resulting matrix
has elements that are the sum or difference of the corresponding
elements in the original argument matrices.

To multiply or divide a matrix by a scalar:

1. Enter the matrix onto the stack.

2. Enter the scalar (a real or complex number).

3. Press (x) or (z). Each element of the resulting matrix is the product
or quotient of the scalar and the corresponding element in the
original argument matrix.

To change the sign of each element in a matrix:

1. Enter the matrix onto the stack.
2. Press to change the sign of each element in the matrix.

To find the matrix product {4 B) of two matrices:

1. Enter the two matrices onto the stack. Be careful about the entry
order because matrix multiplication is not commutative. Enter
matrix A first and matrix B second. Remember also that the
number of columns in A must equal the number of rows in B.

2. Press (x). The result will be a matrix with the same number of
rows as A and the same number of columns as B.

To multiply a matrix and vector:

1. Enter the matrix onto the stack.

2. Enter the vector. The number of elements in the vector must equal
the number of columus in the matrix.

3. Press (x). The result will be a vector with as many elements as the
number of rows in the original matrix.
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To “divide” an array by a square matrix:

1. Enter the array onto the stack.

2. Enter the square matrix. The number of rows in the matrix must
equal the number of rows in the array (elements in the vector).

3. Press () to calculate Y-X~!. The result will be a vector of the
same size as the original. Note that array division can produce
erroneous results if you are using ill-conditioned matrices. See
“Ill-Conditioned and Singular Matrices” on page 14-16 .

Using Arrays and Array Elements in Algebraic
Expressions

You can perform calculations with array elements using algebraic
syntax. The array must be represented by a name in the symbolic
expression or equation.

To use a maftrix element in an algebraic expression:

1. Make sure that the array is stored in a named variable.
2. Create the algebraic expression and, at the point where the matrix
element is to be used, type the array name and press =)
3. Enter the subscripts for the element:
@ For a vector, enter one subscript (position number of the
element).
m For a matrix, enter two subscripts separated by (9)() (row and
column numbers of the element).

Example: Enter a symbolic expression for the sum of all elements of
a 2 x 5 matrix stored in MATR.

Step 1: Begin the expression.

() EQUATON)
PO B! ®:?
PO@@K® &5
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Step 2: Enter the name of the matrix and the subscripts.

{a}(hold)MATR (release)

YV MIAICIRICYB]IGAICY _
K () _ MATRCd, k)0

WEETR|MATH] LIET | HYR [ KEAL [ ERZE]

Step 3: Press (ENTER] to put the expression on the stack. Assuming

that the 2 x 5 matrix is already stored in MATR, press
EVAL) to compute the sum of 1ts elements.

To apply a mathematical function to each element in an array:

Enter an array.

Enter a program that contains a function. The program must take
one argument and give one result.

Type ~ { and press .

Press . The function is applied to

each element, and the result 1eplace< that element. If the applied

function returns an algebraic for one of the elements, then the array
is returned in list format.

Transforming Complex Matrices

To combine two matrices into a complex matrix:

1.

Enter the real matrix that will become the real part of the complex
matrix.

. Enter the real matrix that will become the imaginary part of the

complex matrix.
to combine the two real

matrices into a complex matrix.

To split a complex matrix into two real matrices:

1.
2.

Enter the complex matrix on the stack.

Press iy to split the complex matrix into

its real and imaginary parts.
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To conjugate each element of a complex matrix:

1. Enter the complex matrix onto the stack.

2. Press (MTH) (NXT) THFL COMd to conjugate each

complex element of the matrix.

To extract a matrix of real parts from a complex matrix:

1. Enter the complex matrix onto the stack.
2. Press (MTH) TR FEE . toreturn a matrix contalning
just the real parts of each element of the original complex matrix.

To extract a matrix of imaginary parts from a complex matrix:

1. Enter the complex matrix onto the stack.

2. Press CHFL I toreturn a matrix containing

just the imaginary parts of each element of the original complex
matrix.

Matrix Solutions to Systems of Linear
Equations

Systems of linear equations fall into three categories:

# Over-determined systems. These systems have more linearly
independent equations than independent variables. There is
no exact solution to over-determined systems, so the “best”
(least-squares) solution is sought.

2 Under-determined systems. These systems have more independent
variables than linearly independent equations. There are either no
solutions or an infinite number of solutions for under-determined
systems. If a solution exists, you want to find the solution with the
minimum Euclidean norm; otherwise, you want to find a minimum
norm least-squares solution.

e Exactly-determined systems. These systems have an equal number
of independent variables and equations. Usually (but not always),
there is a single exact solution for exactly-determined systems. (See
“Hl-Conditioned and Singular Matrices” on page 14-16.)
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To calculate the “best” solution to any system of linear equations:

1. Press ((»)(SOLVE) () (&) 'k to open the SOLVE SYETEM A-H=R
input form.

2. Enter the matrix of coefficients into field fz.

Enter the array (vector or matrix) of constants into field &:.

4. Press ZTILYE to calculate the “best” solution and display it in
the & field. If the system being solved is exactly-determined, the
solution is a 12-digit approximation of the exact solution; if it is
over- or under-determined, then the solution is the minimum norm
least-squares solution (to 12 digits).

@

To estimate the solution to an over-determined system of linear
equations:

1. Enter the array (vector or matrix) of constants onto the stack.

2. Enter the matrix of coefficients. It will typically have more rows
than columns.

3. Press MATE  LEE  to calculate the “least-squares
solution” (X) that minimizes the residual (AX—B) (the minimized
Euclidean norm of the columns).

To estimate the solution to an under-determined system of linear
equations:

1. Enter the array (vector or matrix) of constants onto the stack.

2. Enter the matrix of coefficients. It will typically have more columns
than rows.

3. Press MATRE. “L5E - to calculate the one “least-squares
solution” (X) of many possible least-square solutions that has the
smallest Frobenius norm.

To solve an exacily-determined system of linear equations:

1. Enter the vector of constants onto the stack.

2. Enter the square matrix of coeflicients. The number of columns
(“variables”) in the matrix must equal the number of elements in
the vector.

3. Press (). The result will be a solution vector of the same size
as the constants vector. Note that array division can produce
erroneous results if you are using ill-conditioned matrices. See
“Ill-Conditioned and Singular Matrices” below.
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llI-Conditioned and Singular Matrices

A singular matrix is a square matrix that doesn’t have an inverse.

You normally get an error if you use to find the inverse of a
singular matrix—or use (3} to solve a system of linear equations having
a singular coefficient matrix.

The most common cause of singular matrices are equations within a
system of linear equations that are linear combinations of one another.
That 1s, the coeflicients of one equation can be computed exactly
from the coefficients of the other. Two equations thus related are
hnearly dependent and the set of equations as a whole referred to as
dependent.

If a set of equations is independent, but small changes in their
coefficients would make them dependent, then the set of equations
(and their corresponding matrix A) are said to be ill-conditioned.

To determine if a matrix is ill-conditioned:

1. Enter the matrix onto the stack.

2. Compute its condition number: Press BMFTR . M
. If it 1s large, then it is ill-conditioned. If the condition
number is on the order of 10?, the HP 48 may not be able to
distinguish it from a singular matrix.

To use ill-conditioned matrices in solving systems of linear equa-
tions:

1. Set flag -22: Press («9}{MODES) 22 (*/<) FL#AG This is
the Infinite Result Exception flag that will keep you f10m getting
an error using a singular matrix.

2. Solve the system of linear equations. The HP 48 perturbs the
singular matrix by an amount that’s usually small compared to the
rounding error. The calculated result corresponds to that for a
matrix close to the original, ill-conditioned matrix.

3. Determine the accuracy of the computed solution using the
condition number as you would for any ill-conditioned matrix (see
“Determining the Accuracy of a Matrix Solution” below.

4. Compute the residual to test your results.

. Resolve the system of linear equations using LSQ.

W
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Determining the Accuracy of a Matrix Solution

There are two approaches to evaluating the accuracy of a computed
matrix solution when you suspect that you may be using singular or
ill-conditioned matrices:

m Compute the residual array. This array is the result of substituting
the computed solution back into the original equation. The closer
the residual array is to being an array of zero elements, the more
accurate the solution.

® Use the condition number. The condition number can be used to
estimate the number of accurate digits that can be expected using a
given matrix.

To find the residuals for a computed solution to a system of linear
equations (AX=B):

1. Enter the array (vector or matrix) of constants (B) onto the stack.

2. Enter the matrix of coeflicients (A).

3. Enter the computed solution array (must be of the same type and
dimensions as the constants array)(X).

4. Press either MATE REl (or (|)(SOLVE) &YS

FE0 ). The resulting array of residuals (AX-B) shows how close

the computed solution was to an actual solution—the smaller the
absolute value of the elements, the better the solution.

To approximate the number of accurale digits in a8 computed
solution:

1. If the elements in the matrix A are exact, enter 15, the maximum
number of digits computed internally by the HP 48, onto the
stack. If the elements in matrix A were rounded to 12 digits (from
previous computations, for example), then enter 12.

2. Enter the matrix of coefficients (A).

3. Press MATE  HORM  COHD. to find the condition number
of the matrix.

4. Press (@J(LOG) (=) to find the approximate number of accurate
digits in a solution computed using the given matrix of coefficients.
This is merely a rough, rule-of-thumb estimate of a solution’s
accuracy and not a precise computation of it.

Matrices and Linear Algebra 14-17



14

Gaussian Elimination and Elementary Row
Operations

The systematic process, known as Gaussian elimination is one of the
most common approaches to solving systems of linear equations and
to inverting matrices. It uses the augmented matrix of the system

of equations, which is formed by including the vector (or vectors) of

constants ([b; ... by,]) as the right-most column (or columns) of the
matrix of coefficients ([as; ... amn]):

aly a2 aiz ... a;m by

az1 @2 Az ... asy ba

az;  Asz Aagz ... az, bs

8ml  Am2 Am3 ... 8mn  Pm

To create an augmented matrix:

1. Enter the matrix to be augmented (the matrix of coefficients in the
context of Gaussian-elimination).

2. Enter the array to be inserted (the array of constants in the context
of Gaussian-elimination). It must have the same number of rows as
the matrix.

3. Enter the last column number, n, of the matrix to be augmented in
order to indicate where to insert the array.

4. Press (MTH) HHA

Once you have an augmented matrix representing a system of linear
equations, then you can proceed with the Gaussian-elimination
process. The process seeks to systematically eliminate variables
from equations (by reducing their coefficients to zero) so that the
augmented matrix is transformed into an equivalent matrix, from
which the solution can be easily computed.

8 o5 T

Each coefficient-elimination step depends on three elementary row
operations for matrices:

B Interchanging two rows.
® Multiplying one row by a nonzero constant.
m Addition of a constant multiple of one row to another row.
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Gaussian elimination uses elementary row operations to convert the
augmented matrix to the equivalent row-reduced echelon matrix, from
which the solution can be computed by back-substitution.

The HP 48 offers commands for each of these elementary row
operations by themselves and one that uses these row operations
repeatedly until the row-reduced echelon form is generated:

m RSWP interchanges two rows of a matrix.

# RCI multiplies each element in a given row of the augmented matrix
by a scalar of your choosing.

@ RCILJ multiplies each element in a given row by a scalar and adds
the result to another row of the matrix.

m RREF converts an augmented matrix into the equivalent
row-reduced echelon form.

To interchange two rows of a matrbe

1. Enter the matrix onto the stack.
2. Enter the numbers of the two rows to be interchanged.

3. Press MATE RO FEMF .

To multiply the elements of a row of a matrix by a nonzero factor:

1. Enter the array onto the stack.
2. Enter the nonzero factor.
3. Enter the number of the row to be multiplied.

4. Press MATR  REOW RCI

To add the product of a nonzero factor and one row of an array to
another row:

Enter the array onto the stack.

Enter the nonzero factor.

Enter the number of the row to be multiplied by the factor.

Enter the number of the row to which the product is to be added.

Press FMATE  ROWM RBCLJ .

O L0 B
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To compute the row-reduced echelon form of a matrix:

1.

Enter the matrix onto the stack. If you are attempting to solve a
system of linear equations, the matrix should be the augmented
matrix representation of the system (see discussion above).
Optional: Set flag —54 if you do not want “tiny” elements replaced
with zero during the computation: Press («q)(MODES) FLHG 54
ZF . “Tiny” elements, which can be generated due to
roundoff errors during computation, are those elements that are less
than 1 x 107!* times the size of the largest element in their column.

Unless you set flag —54, the HP 48 replaces any “tiny” elements
with zero.

3. Press (MTH) MATRE FRAUTE EREF .

Additional Linear Algebra Topics

The HP 48 offers a selection of other linear algebra commands that
give you additional problem-solving power and flexibility.

Eigenvalues and Eigenvectors

A square (n X n) matrix A is said to have an eigenvalue A and a
corresponding eigenvector x if Ax = Ax.

Eigenvalues are the roots of the characteristic equation,

det(A — AI) = 0, which is a polynomial of degree n. Thus, A has n
eigenvalues, although they are not always distinct. Each eigenvalue
has a corresponding eigenvector.

The HP 48 allows you to compute either the eigenvalues only (a
faster computation) or both the eigenvalues and their corresponding
eigenvectors.

To compute the eigenvalues for a square matrix:

1. Enter the square (n X n) matrix onto the stack.

2. Press MATE EGYL to compute a vector of n

eigenvalues.
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To compute the eigenvalues and eigenvectors for a square matrix:

1. Enter the square (n x n) matrix onto the stack.

2. Press MRTHR EiiY . An n x n matrix of
eigenvectors is returned to level 2 and an n-element vector of
eigenvalues is returned to level 1. The columns of the matrix on
level 2 represent eigenvectors corresponding to the eigenvalues in
level 1.

To decompose or factor a matrix:

The HP 48 offers a set of matrix decompositions and factorizations
that you may use either alone or in programmed routines to solve
spemahze\d plobkms These factorizations are all found in the
i H omenu:

Crout LU Decomposition. This procedure is used

in the process of solving an exactly-determined
system of linear equations, inverting a matrix, and
computing the determinant of a square matrix. It
factors the square matrix (A) into a lower-triangular
matrix L (returned on level 3) an upper-triangular
matrix U containing ones on its diagonal (returned
on level 2), and a permutation matrix P (returned to

level 1) such that PA = LU.

K LQ Factorization. This procedure factors a mxn
matrix A into an mxn lower trapezoidal matrix L
(returned to level 3), an nxn orthogonal matrix Q
(returned to level 2), and an mxm permutation
matrix P (returned to level 1) such that PA = LQ.

LR QR Factorization. This procedure factors a mxn
matrix A into an mxm orthogonal matrix Q
{returned to level 3), an mxn upper trapezoidal
matrix R (returned to level 2), and an nxn
permutation matrix P (returned to level 1) such that

AP = QR.
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Schur Decomposition. This procedure factors a
square matrix A into an orthogonal matrix Q
(returned to level 2) and an upper-triangular matrix
{or, if A is real-valued, the upper quasi-triangular
matrix} U (returned to level 1) such that: A =
QUQT (QT is the transpose of matrix Q).

R Singular Value Decompesition. This procedure
factors a mxn matrix A into an mXm orthogonal
matrix U (returned to level 3), a nxn orthogonal
matrix V (returned to level 2}, and a vector 8 of the
singular values of A such that: A = US'V (S is the
mxn matrix formed by using the elements of S as its
diagonal elements).

To compute the singular values of a mabri:

1. Enter the matrix onto the stack.

2. Press METE FROTE SN to return a real vector

of the singular values, arranged in non-increasing order.

To reconstruct a matrix from ite singular values and orthogonal
factor matrices:

1. Enter the orthogonal matrix U onto the stack.

2. Enter the vector S.

3. Enter the demensions of the matrix { mn }.

4. Press METE [ Hiz# to construct a matrix using the

singular values as its diagonal elements.

Press (x).

6. Enter the orthogonal factor matrix (V) with the same number of
columns as the original matrix.

7. Press to recompute the original matrix. The degree to which
the recomputed matrix matches the original matrix reflects the
accuracy of the decomposition.

[
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Sinary Arithmetic and Number Bases

The HP 48 lets you to do binary arithmetic—operations that work
with binary integers.

Binary Integers and Bases

On the HP 48, binary integer objects contain from 1 to 64 bits,
depending on the current wordsize. You can enter and display binary
integers in decimal (base 10), hexadecimal (base 16), octal (base 8)
binary (base 2). The current base determines which base is used to
display binary integers on the stack.

3

The # delimiter precedes a binary integer. A d, kv, o, or b following

the binary integer indicates its base—for example, # 152d, # Eth,
# 256 or # 1681181180,

To set the current base:

1. Press (MTH) EBAZE .
2. Press one of the following keys: - HE#  (hexadecimal), LDEE
(decimal), 0T (octal), or “ETH  (binary).
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HEX, DEC, OCT, and BIN are programmable. The settings for flags
—11 and —12 correspond to the current base. (For more information

on flags —11 and —12, see appendix D, “System Flags.”)

The choice of current base has no effect on the internal representation

of binary integers.

To view the current base:

1. Press (MTH) B

2. View the menu labels The = in one of the menu labels identifies
the current base.

The choice of current base has no effect on the internal representation
of binary integers.

To set the wordsize:

1. Key in a number from 1 to 64.

2. Press BRSE ETWE (the STWS command). (A

fractional number is rounded to the nearest integer.)

To recall the current wordsize:

m Press P

NXT (the RCWS command).

To enter a binary integer:

1. Press (@)(&)

2. Enter the value of the binary integer—valid characters depend on
the base you’re using.

3. Optional: To specify the base, type a base marker: o, 1y, o, or k.
(Otherwise, the current base is used.)

4. Press (ENTER}.

Note If a binary integer argument exceeds the current
wordsize, the excess most significant (leading) bits

i are dropped before the command is executed. If

necessary, results are also truncated. If a calculation

produces a remainder, only the integer portion of the

result 1s retained.
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To add or subtract two binary integers:

1. Enter the binary integer objects.
2. Press or (=).

To find the negative of a binary integer:

1. Enter the binary integer onto the stack.

2. Press to find the “negative” of a binary number. The negative
of a binary number is its two’s complement (all bits inverted and 1
added), since there are no “negative” binary integers in the same
sense that there are negative real integers. Subtracting a binary
integer is the same as adding its two’s complement.

To multiply or divide two binary integers:

1. Enter the two binary integers.
2. Press or (£). Remember that any remainder from a division is
lost and the answer is truncated to be an integer.

To convert a binary integer to a different number base:

1. Enter the binary integer onto the stack.
2. Press BREE. and press the menu key corresponding to the
desired number base.

To convert a binary integer to a real number:

1. Enter the binary integer onto the stack. It can be in any of the four
number bases.

2. Press EAZE  B+E - to convert the integer to a real
decimal integer.

To convert a real number to a binary integer:

1. Enter the real number onto the stack.

2. Press BEFRZE  E+E  to convert the real number to a
binary integer. If necessary, the real number is rounded first to an
integer before converting. Negative real numbers are converted to #
& and real numbers > 1.84467440738 x 10'° are converted to the
largest binary integer (# FFFFFFFFFFFFFFFFR, for example).
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Using Boolean Operators

The following table contains commands from the MTH BASE LOGIC
menu (MTH) -BEFASE (NXT) LEEIE) that perform Boolean operations
on binary integers. Unless otherwise stated, each example assumes the
wordsize is set to 24.

Example

Command/Description

AND Logical bit-by-bit
AND of two arguments. i

NOT Returns the

one’s complement of the
argument. Each bit in the
result is the complement of
the corresponding bit in the

argument.

OR Logical bit-by-bit OR EH

of two arguments. is # 1ildkb
XOR Logical bit-by-bit £

exclusive OR of two i i # 1iab
arguments.

Manipulating Bits and Bytes

The following table contains commands from the MTH BASE BIT
and MTH BASE BYTE menus ((MTH) EREE BIT and ...
BN TE) that are useful for manipulating binary integers either one
bit or one byte at a time. Unless otherwise stated, each example

assumes the wordsize is set to 24.

15-4 Binary Arithmetic and Number Bases



. Example
Command /Description

Input Output

ASR  Arithmetic Shift
Right. Performs 1 bit
arithmetic right shift. The
most significant bit 1s
regenerated.

v # liggdin

RL Rotate Left. Binary #olig@k | i #
integer rotates left one
bit. (Example assumes
wordsize=4.)

s
B

RLB Rotate Left Byte. 1s # FF
Binary integer rotates left
one byte.

RR Rotate Right. Binary it # 1igin
integer rotates right one
bit. (Example assumes
wordsize=4.)

ot
=n

He
P
ot
o
i
[y

RRB Rotate Right Byte. 1t # REBEBCGR | 1@ # CORGBEGh
Binary integer rotates right
one byte.

o

SL Shift Left. Binary 1s #
integer shifts left one bit.

s
ot
s
[
o
e
H
ot
ot
[y
ot
(%}
r

SLB Shift Left Byte. it
Binary integer shifts left one
byte.

He
oI
51
Tl
bn ]
o

s

®

H
ot}
ey
b
(%8}
fxi
x5
ey

SR Shift Right. Binary s # 1iglib 1 # 1181k
integer shifts right one bit.

T
KA
i
Py
]
T
ot
a
He
)
17
b
(]
pup

SRB Shift Right Byte. 1: # A@
Binary integer shifts right
one byte.
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Date, Time and Fraction Arithmetic

The HP 48 has a sophisticated built-in clock and calendar. The HP 48

uses the Gregorian calendar which reformed the Julian calendar on

October 15, 1582 CE. Dates prior to that (or after December 31, 9999)

are not valid. 16

Calculating with Dates

The TIME command menu contains special commands that allow you
to calculate calendar and clock intervals.

The following table illustrates the time and date formats available on
the HP 48. The time and date illustrated is 4:31 PM on February 21,
1992.

Clock Display Format Number Form
Date:

Month/day/year format

Day.month.year format

12-hour format

24-hour format

To set or change the current date format:

Press (@)(TIME) (&) 0K
Press (¢»)(®) to highlight the date format field.
Press until the desired date format is displayed

Press ik - to confirm the selection.
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To put the current date on the stack (in number form):

® Press ()(TIME) DATE .

To add or subtract a given number of days from a given date:

1. Enter a date in the number form corresponding to the current date
format.

2. Enter a real number representing the numbers of days you want to
add or subtract. Use negative numbers if you want to subtract
days.

3. Press (q)(TIME) HATE+. The adjusted date is returned in

the number form of the current date format.

Example:  Find the date 239 days from today. (This example
assumes the current date is April 30, 1993.)

Step 1: Put the current date in level 1.

(QTME) LRTE 1 4 3@1993

Step 2:  Enter the number of days and calculate the future date. The
result is December 25, 1993.

239 (NXT) LATE+ 1: 12, 251993
[LHTE +[D0AYE ] HHE B TR THES

To determine the number of days between two dates:

1. Enter the first date number onto the stack.
2. Enter the second date number onto the stack.

3. Press ()(TIME) DhaYs.
Example:  Find the number of days between April 20, 1982 and
August 2, 1986.

4.201982 8.021986 1' 1365
DATE +[00i Y [+ WM  [HHE » [HHE -]

()(ivE) DLEY S
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Calculating with Times

To set or change the current time format:

1. Press (¢2)(TIME) (&) - ik
2. Press () () (&) to hlghhght the time format field.

2
3. Press (*/-) one or more times until the desired format is displayed.
4. Press © §i to confirm your choice.

To put the current time on the stack (in number form):

A number with HMS (hours-minutes-seconds) format is represented as

H.MMSSs:

H Zero or more digits representing the number of hours.

MM Two digits representing the number of minutes.

5SS Two digits representing the number of seconds.

s Zero or more digits representing the decimal fraction part of
seconds.

To convert a time number from decimal hours to HMS format:

1. Enter the time number 1n decimal form.

2. Press (e3)(TIWE) (NXT)

To convert a time number from HMS format to decimal howurs:

1. Enter the time number in HMS form.

2. Press (&)(TIWE) @XT) H
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To add two time numbers in HMS format:

1. Enter the two time numbers in HMS format.

2. Press (&9)(TIME . The time number returned is also
in HMS format.

To subtract two time numbers in HMS format:

1. Enter the two time numbers in HMS format.

2. Press (q}(TIME . The time number returned is also
m HMS format.

To convert a time and date into a text string:

1. Enter the date number onto the stack.

2. Enter the time number.

3. Press («q)(TIME) (RXT) (NXT) THTE.. A text string will be
returned showing the day of the week, the date (in current date
format) and the time (in the current time format).

To put the system time on the stack:

1. Press (&)(TIME) TILHS. System time is kept in “ticks” of the
clock. Each tick is 1/8192 of a second in duration. The total
number of ticks is reported as a binary integer. TICKS is useful for
measuring elapsed time, and can be converted into a standard time
number in either decimal or HMS format.

To convert a system time (ticks) into HMS format:

1. Enter the system time. It should be a binary number.

2. Press (MTH) BAE E+E . to convert the system time to a real
number.

3. Press 29491200 (3) to convert to decimal hours.

4. Press (+q)(TIME) #HME to convert decimal hours to HMS

format.

To calculate elapsed time in seconds:

® Press («q)(TIME) 71

# Press TIZEE to stop timing.

m Press SWAP) (=) to get the elapsed time in clock ticks.

m Press E B 8192 (3) to calculate the elapsed time
in seconds.

% to start timing.
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Calculating with Fractions

A fraction is an algebraic representation of an arithmetic operation
that hasn’t yet been evaluated. For example, the fraction % is a
means of representing the result of a division operation 4 + 3 without
actually dividing. The mixed fraction 42 represents the algebraic
operation 4 + (5 + 6). The HP 48 uses these algebraic representations

to display fractions:

To enter a fraction:

e Using the EquationWriter:
1. Press («9)(EQUATION].
2. Type in the fraction. Press (&) to begin a numerator and (¥) (or
(®)) to move from the numerator to the denominator.
3. Press
& Using the command line:
1. Press () (because the fraction is an algebraic).
2. Type in the fraction onto the command line.

3. Press (ENTER).

To add, subtract, multiply, and divide with fractions:

1. Enter the fractions onto the stack in the same order as you would if
they were decimal numbers.

2. Execute the operation ((1), (=), (%), or (2))-
3. Press (EVAL) to convert the expression into a decimal answer.

To convert a dechmal into a fraction;

1. Put the decimal on level 1 of the stack.

2. If necessary, change the display mode. The accuracy of the
fractional approximation is dependent on the display mode. If the
display mode is Std, the approximation is accurate to 11 significant
digits. If the display mode is n Fix, the approximation i1s accurate
to n significant digits.

3. Press (€)(SYMBOLIC) (NXT) = 1
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To convert a fraction into a decimal:

@ Put the fraction on level 1 of the stack.

m Press (EVAL).

To convert a decimal into a fraction involving =

1. Put the decimal on level 1 of the stack.

2. If necessary change the display mode to indicate the accuracy of
the fractional approximation you desire.

3. Press (4q)(SYMBOLIC) (NXT) = #8n . —Qn computes both the
fractional equivalent of the original number and the fractional
equivalent of the original number divided by 7, and then compares
the denominators. It returns the fraction with the smallest
denominator—this fraction might be the same fraction returned by
—Q, or it might be a different fraction multiplied by =.

Example:  Convert 7.896 to a pure fraction using —Q.

7.896 () (SYMBOLIC) (NXT) 1: '987-125"
o AT MAT] e [sem] | [APPLY
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Lists and Sequences

Creating Lists

To enter a list from the keyboard:

1. Use (&g)(I3) to indicate the beginning and end of a list.

2. Enter the elements of the list. Use to separate each element.
To assemble a series of elements into a list:

1. Enter the elements on the stack.
2. Enter the number of elements on the first level of the stack.
3. Use LIET: =1 TET to convert the stack elements to a list.

Example: Create a list with the following elements 7 11 13 using

R S S
bR B 0 R

Step 1: Enter the elements and number of elements on the stack.

7 (ENTER} 11 (ENTER) 13

(ENTER) 3 (ENTER) AT
4: 7
L 11
[UECTRIATRY LIST] WIP | RERL] bR
Step 2: Convert the stack to a list.
(PRG) LIBT +LI&T l: £ 71113 7
i JELER] PROC [0Eds [SLIST] ZUE [ REPL]

To append a new element to the beginning of a list:

1. Enter the new element.
2. Enter the list.

3. Press ().
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To append a new element to the end of a list:

1. Enter the list.
2. Enter the new element.

3. Press ().

List Processing

The way the calculator performs operations on lists is called list
processing.

To apply a one-argument command o each element in a list:

1. Enter a list.
2. Execute the command.

Example:  Find the factorial of 3, 4, and 5.

Step 1: Euter the numbers in a list.

13) 3 (SPC) 4 (3PC) 5 l: L3451
Sepes JELEF] PEOC [BBJ3 [LIST] SUE [REPL |

Step 2: Find the factorials of the elements.
(MTH) (NXT) 1 1: L6 &4 1768 3
(omEfRERM] b RAND] RG] ]

To perform a two-argument command using a list and a number:

1. Enter the list.
2. Enter the number.
3. Execute the command.

Note that you must use LIST RDD instead of to add a

number to each element of a list.

i

Example: How many combinations can be made from 4 objects
taken 3 at a time? How about 5 objects? And 6 objects?
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Step 1: Enter a list that contains the objects, and enter the number
of objects taken at a time on level 1.

(@D 4 GE 5 (57X 6 2: [456 3
(ENTER) 3 (ENTER) 1: 3
[COME]PERM] ¢ [RaMD] ROZ | @ ]

Step 2: Find the number of combinations.

R I {41828 3

Multiple-Argument Commands with Lists

Operations that operate on two objects can also operate on individual
corresponding elements of two lists.

To add corresponding elements of two lsts:

1. Enter both lists.
2. Execute the ADD command.

Exammple: Add {321 }and {456 }.

Step 1:  Enter the two lists.

@O3EY2E ! 2 (3211
ETen) @) 4 G0 5 (FD | It
6 [cOMEJPERM] 1 JRAMD] RO | |

Step 2:  Add the corresponding elements of the lists.

MTH 1: L7797}
[OEd> | 20RT [REVLITLIET]ELIET] A0D |

To concatenate two lists:

1. Enter the list whose elements will form the first part of the
concatenated list.

2. Enter the list whose elements will form the latter part of the
concatenated list.

3. Press ().
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Example: Concatenate {321} and {456 }.
Step 1:  Enter the two lists.

@3 EPY2ERD 1 ? H%H
ENTER) (0)(3) 4 5 :
6 (ETER VECTR[MTR] LIST | WiP | KEAL | EAZE ]

Step 2:  Concatenate the lists.

1: L3 1456
mnﬁim

To subtract, mulliply, or divide corresponding elements of two lists:

1. Enter both lists.
2. Execute the operation.

Applying a Function or Program to a List (DOLIST)

You can run programs or execute functions on groups of lists.

To run a program or execute functions on lists:

1. Enter the lists.

2. Enter the number of lists operated on. This number is actually the
nummber of elements operated on with cach iteration of the function
or program.

3. Enter a program or function.

4. Execute DOLIST.

Example: Create 3 lists (a, b, and ¢) and execute a function that
does the following to each element a, + (b, X c,).

Step 1: Enter the lists and the number of lists to be operated on (3).

@O FY2EFY 3
(ENTER) (D) 4 (520) 5 (P9
6 (ENTER) (€D 7 GPO) §

(sPC) 9 (ENTER] 3 (ENTER)

HOME T

i

g: 2
as A
it

~
—~J
o0
w0
et

REVLHTWLISTIELIST] HOL |
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Step 2: Enter the function and execute it.

ODEODETDED | o e

To apply a procedure sequentially to elements of a list:

1. Enter the list.

9. Enter the frame index. This is the number of elements affected by
each iteration of the function. For example, entering 3 would take 3
elements from the list and use them as arguments for the function.

3. Enter the function.

4. Execute |

Example: Find the 2-element moving average of { 12345 }.

Step 1: Enter the list, the frame index, and the function.

@@ 1 GFO 2 G 3 GFD

{ HOME 1}
4 (SPC) 5 (ENTER) 2 (ENTER) T:
@) (@) 2 &) ENTER) 9_: {12345%
1 €+ 7 2w
T T e e e
Step 2:

PRG 1= { 1.5 2.5 3.5 4.5 &

| DOLLE]O0EUE] MEUE [EMDS [STRER]REVLI]

When writing programs with DOSUB the frame number (the position
of the first object in the frame) is NSUB, and the number of frames is
ENDSUB.

Applying a Function Recursively to a List

The STREAM command lets you apply a function recursively to every
element of a list.

To execute a function on every element of a list:

1. Enter the list.
2. Enter a program or function. A program or function that takes two
arguments and returns one result is ideal.
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3. Execute STREAM. STREAM is designed to take the first two
elements, excute the operation, then take the result and the next
element and execute again. This process continues until all the
elements have been used as arguments.

Example:  Multiply all of the elements in { 1234 5 } together.
Step 1:  Enter the list and the function.

OO | (I 2 FDSEFD |2 (123452
y: «» H E A -
1 Ge9) 5 m@-. OOLEE [DOEUE[NUE [ENDS T2 TREA REVL]

Step 2:  Execute the function.

L 1 : IEB
[D0LI: [D0:UE{W=UE [ENDS [STRER[REVLI

List Manipulations

The following functions provide ways to manipulate the elements of a
list:

B (MTH]) Lf T sorts the elements of a list in ascending
order. The hst must be on level 1.

8 (MTH reverses the elements of a list. The list must

be on level 1.

m adds items to the begining or end of a list, or concatenates two
lists. To add an item to begining of a list, enter the item, enter the
list, and then press (£). To add an item to the end of a list, enter
the list, enter the item, and then press )

& LIET ELEN (NXT) M replaces the list on level 1 with
the list’s first element
. k. (NXT) THIL replaces the list on level 1 with

all but the first element of the list.

B (PRG]) i ' replaces the list on level 2 and
position index on level 1 with the element at that position within
the list.
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m (PRG]} L FER OGETI similar to GET, but it also increments
a position index. The new index is put on level 2. The original list
is put on level 3.

" o - takes an object from level 1 and
replaces an existing obJect within a list. You must supply a position
index on level 2, and a list on level 3. The resulting list is on level
1.

& (PRG) i 71 similar to PUT, but it also increments
a position mdex The new index is put on level 1. The new list is on
level 2.

" LImY replaces the list on level 1 with the
number of elements in the list.

® replaces a list on level 2 and an
element from that list on level 1 with a position index for the
first occurrence of that element. If the element is not found, 0 is
returned.

® LEET s+ puts each object from a list on level 1 onto
the stack, plus puts the number of objects in level 1.

8 ETET : veturns a list of elements from the list on
Jevel 3 specified by the starting and ending positions in levels 2 and
1.

B BEFL replaces elements of a list on level 3 with
elements from a list on level 1 starting at the element specified in
level 2.

Sequences

Sequence commands automate the generation of a list from the
repeated execution of a function or program.

To generale a sequence:

1. Enter the function or program (or its name).
2. Enter the index variable name.
4

. Enter the final value for the variable.

Enter the initial value for the variable.

Lists and Sequences 17-7
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5. Enter the step size of the increment. The number of elements
generated is the integer portion of gﬁ@i—t%ﬁw + 1.

6. Execute &E#
Example:  Generate a list of squares from 23 to 27.

Step 1: Enter the function, the variable name, the initial value, and
the final value.

O @) @ X ENTER) ()

(o) X (ENTER) 23 (ENTER) 27 f}:HuME . I TENE
3¢ ',
2: 23

1: 2?

£ [0OZUE] NEUE [ENDE [STRER] REVLI]

Step 2: Enter the step size, and generate the sequence.

| (ENTER) BRQ) L157 1: { %9 576 625 676
PRAE T B 5

To find the sum of a finite sequence expressed as a list:

1. Enter the list.

2. Execute (MTH) LIST ZELIAT.

You can also find the sum of a finite sequence using the ¥ function in
an algebraic expression—see page 7-5

To find the product of a finite sequence expressed as a list:

1. Enter the list.

2. Press LIET mLIsT

To find the set of first differences of a finite sequence:

1. Enter the sequence as a list.

2. Press LIET BLIET.

The first differences for the list © 21 22 ... 75 *is defined as
L x9—x1 ... Tp—Tpy_q1 *
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Solving Equations

Solving an Equation for an Unknown Variable

To solve an equation for numeric answers by hand, you might use the
following general procedure:

1. Write down the equation you want to solve.

2. If possible, manipulate the equation to solve for the unknown
variable.

3. Substitute known values for the given variables.
4. Calculate the value of the unknown variable.

When you use the SOLVE application, you follow a similar
procedure—except you don’t need to do step 2, and that simplifies the
process.

To solve an equation for an unknown variable:

Press (B)EOLE) 0K

Enter or choose the equation you wish to solve.

Enter values for all of the known variables.

Optional: Enter a guess value for the unknown variable. This can
make the search quicker or guide the root-finder to a particular one

of several possible roots for a given equation.
5. Move the highlight to the unknown variable and press SOLVE. "

The SOLVE application can solve for the numeric value of a variable
in an equation, expression, or program:

e Equation. An equatlon is an algebraic object containing = (for
example, 'A+E={"). A solution is a value of the unknown variable
that causes both sides to have the same numeric value.

s Expression. An expression is an algebraic object not containing =

(for example, 'FA+E+C"). A solution is a root of the expression—a
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value of the unknown variable for which the expression has a value

of 0.

s Program. A program to be solved must return one real number. A
solution is a value of the unknown variable for which the program
returns 0.

To enter a new equation to solve:

L. Open the SOLVE application, if necessary, by pressing (2)(SOLVE).
There may or may not already be an equation entered into the
form.

EMTER FUNCTION TO SOLVE
EDITJCHOOZ]  [vaks]  [EXPRs]

2. Make sure the highlight is located in the field and do one of

the following:

# Type the equation, expression, or program (with proper
delimiters) into the command line and press (ENTER).

® Press (9)(EQUATION], then type in the equation or expression in

the EquationWriter, and then press (ENTER).

To select a previously-created equation to solve:

1. Open the SOLVE application, if necessary, by pressing ({»)(SOLVE).
2. Make sure the highlight is located in the 51 field and press

3. Use the arrow keys to find the desired variable. If it isn’t in the

current directory, press LHIIE again, select the proper directory,
and press . ik . Then find the desired variable and press
. once more to enter the variable into the Ef: field.

Whenever an equation is entered into the it field, there will also
be variable names displayed as well. There will be a label for each
variable in the current equation, except if a variable contains an
algebraic object, in which case labels are included for the Vanables in
the algebraic itself. For example, if the current equation is ' Fimfei
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and B contains the expression ‘I

D, FE, and C.

1, you will see labels for A4,

Note For equations that use a placeholder variable—
such as an integral, summation, or derivative, the
placeholder variable will have a label displayed.
However, you will not be able to solve for a
placeholder variable.

If one or more of the variables does not already exist, it will be created
and added to the current directory when you solve the equation the
first time.

To enter a value for a known variable:

1. Move the highlight to the field labeled with the name of the known
variable.

2. Type in the value and press (ENTER).

To store an estimated value for an unknown variable:

1. Move the highlight to the field labeled with the name of the
unknown variable.

2. Type in the guess value and press (ENTER).

To solve for an unknown variable:

1. Move the highlight to the field labeled with the name of the
unknown variable.

2. Press = 5. The result will be displayed in the field and a
labeled copy put on the stack.

Interpreting Results

The SOLVE application returns a message describing the result of the
root-finding process. You can use this message and other information
to judge whether the result is a root of your equation.

To interpret the computed result:

i Press o (i

& After the result has been computed, press
to clear it when you've finished viewing it.
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The message is based on the value of the equation—the difference
between the left and right sides of an equation, or the value returned
by an expression or program.

If a root is found, the SOLVE application returns a message describing
the root:

T The SOLVE application found a point where the
value of the equation is 0 within the calculator’s
12-digit precision.

+zal  The SOLVE application found two points where

the value of the equation has opposite signs, but

it cannot find a point in between where the value
is 0. This may be because:

m The two points are neighbors (they differ by 1
in the 12th digit).

m The equation is not real-valued between the
two points. The SOLVE application returns
the point where the value is closer to 0. If
the value of the equation is a continnous real
function, this point is the SOLVE application’s
best approximation of an actual root.

One of the following occurred:

@ The SOLVE application found a point where
the value of the equation approximates a local
minimum (for positive values) or maximum (for
negative values). The point may or may not
represent a root.

# The SOLVE application stopped searching at
+9.99999899999E499 ) the largest or smallest
numbers in the calculator’s range of numbers.

To obtain more information about the solution:

& Do any or all of the following:
o1 Move the highlight to the Fi field and press § = (ENTER). For
an expression or program, the closer the result (labeled Expit) is
to 0, or for an equation, the closer the two results (labeled Lzi 43
i i) are to each other, the more likely it is that the
SOLVE application found a root. You must use judgement in
considering the results.
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o Plot the expression or equation in the region of the answer. The
PLOT application will show any local minimum, maximum, or
discontinuity.

o Check the system flags that detect mathematical errors (see
appendix B for a list of such errors). For example, flag —25
indicates whether overflow occurred.

If the SOLVE application can’t return a result, it displays a message
indicating the reason:

RE

One or more of the initial guesses lie outside

the domain of the equation—or units for the
unknown variable aren’t consistent with the units
for the other variables. Therefore, when the
equation was evaluated, it didn’t return a real
number or it generated an error.

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

Solving Options

To display the root-finder at work:

1. Immediately after pressing = to begin the root-finder, press
(ENTER). You will see two intermediate guesses and the sign of the
expression evaluated at each guess (displayed to the left of each
guess).

Watching the intermediate guesses can give you information about
the root-finder’s progress—whether the root-finder has found a sign
reversal (the guesses have opposite signs), or if it is converging on a
local minimum or maximum (the guesses have the same signs), or if
it is not converging at all. In the latter case, you may want to halt
the root-finder and restart with a new guess.

To halt and restart the root-finder:
1. While the root-finder is working, press (CANCEL). The root-finder

halts and displays current guess in the unknown variable’s field.
2. To restart the root-finder, do one of the following:
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m Press SLILYE to restart from where it left off.
m Enter a guess into the unknown variable’s field and press
to restart the root-finder searching in a different region.

To use units while solving for an unknown variable:

1. To store a value with units in a variable, enter the unit object into
the desired variable field. Note that all variables must contain a
consistent set of units—including the unknown vartable—before
solving (or else you will generate a error).

2. To change a variable’s value and keep its old units, enter the
number only.

3. To return a solution with units attached, enter a guess for the
unknown variable that includes the desired units, before pressing

To rearrange the order in which the variables appear:

and do one

1. From the main =
of the following:

i screen, press

m Press EINTT | edit the variable list into the order that you want,
and press (ENTER).

m Press (¢9)({3), type the variables in the order you wish them to

appear, and press (ENTER]}.

2. Press ik to record the changes and return to the main SOLVE
screen. You will see the variables in their new order.

SOLVR: An Alternative Solving Environment

There is an alternative solving environment available on the HP 48G
Series calculators that works like the solving environment on their
predecessors, the HP 48S and HP 485X. This environment, SOLVR,
makes use of the same built-in root-finder as the SOLVE application,
but allows you to continue to see and use the stack while you are “in”

the environment.

While the approach to solving equations is similar for both solving
environments, the procedures used are somewhat different.
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To enter the equation to be solved:

1.

. Press (&)

Put the equation (or properly-designed program) on stack level 1.
You may type it in using the command line or the EquationWriter
or recall it from a variable.

Press @{SOLVE)

(or type ZTER and press (ENTER)) to make the

equation on level 1 the current equation.

To enter the SOLVR root-finding environment:

Press (&q)(SOLVE) :BLGT. S0L%E to enter the SOLVR

environment. You will see ihe variables in the current equation
displayed as white menu labels in the bottom row of the display and
the current equation (stored in Eiiz) displayed in the top row. For
example:

EG: Tr0E, 18, 3% 2-51N

B L e LU B N

FI{E ! PE=] 1l Il Il ]

To enter values for known variables using SOLVR:

1.

If necessary, enter the SOLVR environment.

2. Type in the value of the known variable and press the menu key

corresponding to the variable’s white menu label.

To recall the value of a known variable:

Press (p») and then the menu key corresponding to the variable’s
white menu label.

To solve for an unknown variable in the SOLVA:

1.

Make sure that all known variables have values stored in them.

2. Optional: Enter a guess estimate for the value of the unknown

variable by typing in the guess and pressing the unknown variable’s
white menu key.
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. Press (9] and then the unknown variable’s white menu key. The

labeled result will be returned to stack level 1 and a message
interpreting the result is displayed at the top of the screen.

. Optional: Press E¥FF= to evaluate the current equation using the

newly computed value for the unknown variable. See “Interpreting
Results” on page 18-3 for more details about intrepreting the
results of the root-finder.

Additional Solving Options in SOLVR

In addition to providing a different environment for finding roots of
equations, expressions and programs, SOLVR allows you a few options
not available in the SOLVE application.

To sequentially solve a series of equations using SOLVR:

1.

<o

Enter the equations that you want to use onto the stack in the
order that you will probably want to solve them. Begin with

the equation containing only one unknown variable. The other
equations may begin with additional unknown variables, although
they should have only one variable that remains unknown after
each of the equations preceeding it have been solved.

. Press (&) repeatedly until the stack pointer indicates the first

equation to be solved.

. Press %L 157 (ENTER) to gather the equations into a list.
. Press (&)(SOLVE) ROGT (e)  ER  to store the list into Ef as

the current “equation.”

Enter the SOLVR environment, enter values into the known
variables, and solve for the unknown variable in the first equation
as you would if there were only one equation.

Press HHEX  (you may need to press one or more times

if there are many variables) to make the “next” equation in the

list into the current equation. The equations are actually rotated
within the list, so that the first equation is now the last, the second
equation now the first, the third now the second, and so forth.

. Enter any additional known values and solve for the remaining

unknown variable in the equation.

. Repeat steps 6 and 7 until you have solved for all of the unknown

variables in the series of equations.

You may prefer to use the Multiple Equation Solver instead of SOLVR
for this kind of task (see page 25-6).
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To create a customized SOLVR menu:

1. Enter a solver-list in level 1 of the stack. The syntax of a solver-list

is © equation i key-definitions + *, where:

equation Specifies the equation. It can be an equation or
expression (with * delimiters), a program object
(with 3 delimiters), or the name of an equation,

expression, or program.

key-definitions  Specifies the menu keys—each entry defines one
key. Each entry can be either a variable name
or other type of object. Variable names will be
displayed with white menu labels, other objects
will be displayed with black menu labels. To
include a program that you can execute, enter its
name in the key-definition as a sublist of the form
I #label® # namex .

2. Press (|q)(SOLVE) RUT () E#  to make the equation in the
solver-list the current equation and display the custom SOLVR
menu according to the key definitions.

Example: The equation I = 277 f?pva® calculates the intensity of a
sound wave. Suppose you always calculate the value of p

and store it in the corresponding variable prior to using
this equation, and so would like to suppress p from the
SOLVR menu. Furthermore, suppose you want the IP
command available in the SOLVR menu so that you can
store integer values in the variables in the SOLVR, menu.
The following solver-list list includes two additional keys:
a blank key and a key that executes IP (integer part) and

suppresses p.

The list, when stored in FQ, creates this menu of variables and
functions:
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Finding All Roots of a Polynomial

A symbolic polynomial, such as z% + 422 — 7z + 9, can also be
expressed as a vector of its coefficients: [ 14 —7 9 ]. In this vector
form, very efficient numeric techniques can be applied to find a vector
of its roots.

To use the polynomial root-finder:

m Press ()(SOLVE) (W) (Y) @k to display the following:

B TOLVE AN R+ +RL-Heno SR
COEFFICIEMTS [ AM . Al A0 T

ROOTS:

ENTER COEFFICIEMTS OF PRESS SOLVE
EMT] o [ ] [SVHE[SOLVE]

To find all roots of a polynomial:

1. Open the polynomial root-finder.

2. Move the highlight to the : field, if necessary.

3. Enter the polynomial in coefﬁcwnt form. Use either the command
line (don’t forget the £ 1 delimitersjor the MatrixWriter. Note
that the first element in the vector should be the coefficient of the
highest order term and the last element should be the constant
term. Remember to include zeroes wherever “missing” terms are
located in the polynomial.

4. With the highlight located in the EOO
complex array of roots is displayed in the
labeled copy sent to the stack.

A

2z field, press &
Zi field and a

To find a polynomial, given a set of roots:

1. Open the polynomial root- ﬁnder

2. Move the highlight to the EOOTE: field, if necessary.

3. Enter the set of roots as a vector Remember that if any of the
roots are complex, then you must enter all roots as complex (real
roots are entered as © reals # ).

4. Move the highlight to the C{iE!

HTE field and press BHLAVE.
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To evaluate a polynomial at a given value:

1. Enter the polynomial in coeflicient form onto the stack.
2. Enter the given value at which you want to evaluate the
polynomal.

3. Press (g)(SOLVE)

To convert a polynomial from coefficient to algebraic form:

1. Open the polynomial root-finder.

2. If it doesn’t already contain the polynomial in coefficient form,
enter it into the © field.

3. With the highlight on the FFT field, press
The symbolic polynomial is sent to the stack using ¥ as the

variable.

Solving a System of Linear Equations:

The HP 48 can solve a system of linear equations. To create your
system of equations, you can either choose them from among those
you've stored, or enter them directly.

As you solve a system of equations, remember that a system of
equations can be represented by a single matrix equation of the form
AX =8B

Equation Form Matrix Form
ar + by +cz =k a b ¢ X kg
dr + ey — fz =ky —p d e —flly] =1k
gr + hy + iz = kg g h i z ks

The HP 48 makes use of this representation to solve systems of linear
equations rapidly and efficiently.

To solve a system of linear equations:

1. Press (»)(SOLVE) (&) (&) = @ - to begin the Linear System
Solver.
2. Enter the matrix of coeflicients in the #: field. You can use either

the MatrixWriter or the command line.
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3. Enter the array of constants in the & ﬁeld

4. Move the highlight (if necessary) to Lhe w1 field and press i .
The result array (with the same chmensmns as the constants array,
k) is displayed in the #: field and a labeled copy placed on the
stack.

5. Optional: Press £

to view the result in the MatrixWriter.

The Linear System Solver will return a result array for any of the
following systems:

g Exactly-Determined Systems. The number of equations equals the
number of independent variables in the system. The result returned
will be exact (to within the limits of precision of the HP 48), as long
as the coefficient matrix is not ill-conditioned (see “Ill-Conditioned
and Singular Matrices” on page 14-16).

e Over-Determined Systems. The number of equations is greater than
the number of variables in the system. There is usually no exact
solution to over-determined systems so the least-squares solution is
returned.

g Under-Determined Systems. The number of equations is smaller
than the number of independent variables in the system. There are
usually an infinite number of solutions to under-determined systems
so the one with the minimum Euclidean norm 1s returned.

Be sure to pay attention to the nature of the linear system you are
solving because it will influence how you should interpret the result
array. In some cases, you will want to test for ill-conditioning (see
page 14-16) before accepting even an exact solution as a “true”
solution.

Another approach to testing the validity of an answer is to find the
residual of the solution (A-X — B). Accurate solutions have residuals
close to zero.

To find the residual (4. X — B) of a solution:

1. Make sure the computed solution array is on stack level 1, and

press to duplicate it.
2. Enter the constants array (B) on the stack.

. Enter the matrix of coefficients (A).
4. Press («9)(STACK) to move the solution array back to level
1

. Press @ e

solution.

Lo

EElo to compute the residual of the

w
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See 14-17 for additional approaches to testing the accuracy of a
computed array solution.

Using the Finance Solver

The Finance Solver application provides time-value-of-money (TVM)
and amortization capabilities. You can use it for compound-interest
and amortization calculations.

Compound interest occurs when earned interest is added to the
principal at specified compounding periods, and then the combined
amount earns interest. Many financial calculations are compound
interest calculations—for example, savings accounts, mortgages,
pension funds, leases, and annuities.

Time Value of Money calculations, as the name implies make use the
notion that “time is money.”—that a dollar now is worth more than a
dollar at some time in the future. A dollar now can be invested and
generate a return that the dollar-in-the-future cannot. This TVM
principle underlies the notion of interest rates, compound interest and
rates of return.

TVM transactions can be represented and understood 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. Money received is a positive value, and money paid out is
a negative value.

The cash flow diagram for a transaction depends on the point of view
you take in your problem statement. For example, a loan is an initial
positive cash flow for the borrower, but it’s an initial negative cash
flow for the lender.
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The following cash flow diagram shows a loan from a borrower’s point
of view.

Present value (PV)

(Loan)
Money
irsecglved Equal periods
positve |——— —" ot T T
number‘1xy2»y3\y4‘y5
Payment Payment Payment Payment (PMT)
Money  (PMT)  (PMT)  (PMT)  (PMT)
paid DLtl't is . ‘
a negative
number Equal payments

Future value

Fv)

The following cash flow diagram shows a loan from a lender’s point of
view.

Equal payments A FV

PMT PMT PMT PMT
PMT

| A A A A

H i T T i

2 3 4 5

Loan < | e S e

Equal periods

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.
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The following cash flow diagram shows lease payments at the
beginning of each period.

PV

' Capitalized
% value of

| lease

V1V293V45#5i

PMT  PMT  PMT  PMT  PMT
Fv

The following cash flow diagram shows deposits into an account at the
end of each period. 18

Fv
A

szwwi

|
\
i PMT  PMT  PMT  PMT  PMT

PV

As the foregoing cash-flow diagrams imply, there are five TVM
variables:

i The total number of compounding periods or
payments.

The nominal annual interest rate (or investment
rate). This rate is divided by the number of
payments per year (F.-vE) to compute the nominal
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interest rate per compounding period—which is the
interest rate actually used in TVM calculations.

Py The present value of the initial cash flow. To a

lender or borrower, PV is the amount of the loan; to

an investor, PV is the initial investment. PV always
occurs at the beginning of the first period.

The periodic payment amount. The payments

are the same amount each period and the TVM

calculation assumes that no payments are skipped.

Payments can occur at the beginning or the end of

each compounding period—an option you control by

setting the Payment mode to Bes or Erd.

Fi 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
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.

To perform a TVM calculation:
1. Press (¢»)(SOLVE) (&) - @ to begin the Finance Solver

application.

TIME YALUE OF MOMEY %
v [ElEE D
Py B, B8
PMT: B, BB BeYR: 12

Fe: A.068 End

EMTER WO OF PAYMEMTS OR SOLVE
emr i [ o] [aMOR[OLVE]

The Finance Solver

2. Move the highlight to a field labeled as a TVM variable, type the
appropriate value and press (ENTER). Be sure that values are
entered for at least four of the five TVM variables.

3. If necessary, enter a different value for F-7E.

4. If necessary, press to change the Payment mode (g or Eri)
as required.

5. Move the highlight to the TVM variable you wish to solve for and

press Sl WE.
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Example:  Otto Tailfin is financing the purchase of a car with
a 3-year loan at 10.5% annual interest, compounded
monthly. The purchase price of the car is $11,250, and his
down payment is $2500. What are his monthly payments?
What is the largest loan Otto can afford if his maximum
monthly payment is $2257 (Assume that payments start
at the end of the first period.)

PV=11,250-2,500

FV=0
1%YR = 105
N=3x12

PYR = 12; End mode

TN 2 vV 3 oy 3% v

PMT=?

Step 1:  Open the Finance Solver, and make sure there are 12
payments/year (monthly payments) and that payments are
made at the end of each compounding period.

@EVD@  E

% TIME VALUE OF MOMEY %

Q@ EE®ED (¥ 8 e
necessary) PMT: @ BB PevR: 12
Fe: @, 88 Erd
CHOOSE WHEM PAYMEMTS ARE MADE
TR e e e

Step 2:  Enter the known TVM variables. Make sure to set the FV
to 0 because the loan is fully paid after 3 years (3 x 12
payments).

(e»)(«) 36 (ENTER) 10.5 (ENTER)

3% TIME VALUE OF MOMEY 3

g X ®MMm™o pm:g:@@ ) PAYR: 12

Fe: B.08
CHOBSE WHEN PAYMEMTS ARE MADE

| fceoosl [0 femoe] o |
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Step 3:  Solve for the payment.

TIME YALUE OF MONEY
36 vk 10,5

v &,750, 00
SO o 12

End

EMTER PAYMENWT AMOUMT DR SOLVE
ebr] [ [ [AHOk[z0LvE]

Step {: Put in -225.00 for the payment and solve for PV to see how
much Otto can afford to borrow.

TiIME VALUE OF MOMWEY
S vk 18,5
P (RN

PHT: —225 . 6 PR 12
F: 3,080 End

EMTER FRESEMT UALUE DR SOLVE
i s e e T T R

+ 18

Example: A Mortgage with a Balloon Payment. Russ T. Pipes has
taken out a 25-year, $75,250 house mortgage at 13.8%
annual interest. He expects to sell the house in 4 years,
repaying the loan in a balloon payment. Find the size of
the balloon payment—the value of the mortgage after 4
years of payments.

PV=75,250
1%YR = 13.8

N=4x12
PYR = 12; End mode

1 v 2 v Ty 47 vy 48

Balloon [
Fv=? 1
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Step 1: Open the Finance Solver (if necessary) and enter values for
the known TVM variables.

(e»)(SOLVE) (&)~ o (if TIME VHLUE OF MOMEY EREee
oCOsSal M TEAE 2R 13,8

necessary) (@)(Q) 300 ENTER) |y, 55 oep g

13.8 75250 ® ol 6o RetR: 12

0 FOB, B8 Erd

CHOOZE KHEN PAYMEMTI #RE MADE

{oqoenpsp o f 0 feMORD

Step 2: Find the monthly payment for the 25-year mortgage.

@@

TIME YALUE OF MONEY
266 vk 13,8

Yo, 254, BE
—g9d. 22 IRECEE

Erd

EMTER PRYMENT AMOUNT OF 3OLVE
E0T] oo ] [RMOR]SOLVE]

Step 3:  Calculate the balloon payment needed after 4 years of
payments.

@ @ 48 ETERD) @

$EEEE TIME YALUE OF MOMEY
NO4B kR 13,8
P 75, 250, B8

PMT: 834, 33 __pok 12
Al :, 465, 72 End

EHMTER FUTURE YALUE OF ZOLYE

EBT o ] [AMOR

Calculating Amortizations

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

To calculate amortization:

1. Change the display mode to the accuracy you want, such as 2 Fix
mode.

2. Start the Finance Solver.
3. Check and set these TVM conditions:
g Number of payments per year.
m Payments at beginning or end of periods.

Solving Equations 18-19
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4. Store values for four TVM variables: I YR, PV, PMT, and FV .
These variables define the payment schedule. (You can calculate
these using the TVM menu.)

5. Press FI1{iE  and enter the number of payments to amortize in
this batch.

6. Press to amortize the batch of payments. You will see the
amount applied to interest, to principal, and the remaining balance
after this set of payments have been amortized.

To continue amortizing the loan:

1. Press E=+F%  to store the new balance after the previous
amortization as F¥,

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

3. Press HPHIR

4. Repeat steps 1 through 3 as often as needed.

To amortize a series of fulure payments starting at payment p:
1. Calculate the balance of the loan at payment p—1.

2. Store the new balance in PV using = Bk

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 aren’t changed, except for PV, which is updated
by £ after each amortization.
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Differential Equations

The HP 48 can find a solution, y(1), to a differential equation
expressed as y'(1) = f(t,y), where the initial value of the solution is
given as y({o) = yo.

Solving Differential Equations
The differential equation solver 1s part of the SOLVE application.

To use the SOLVE differential equation solver:

1. Press @{SOLVE)
2. Select Zeds A T

SOLVE W'(TISFIT.A) &

II';IIIIEF= w O INIT: @ FIHAL: G, 5
IOLW: ¥ IWIT: B FIMAL:
TOL: , BEEA]L STEP: DfF 14 _STIFF

EMTER FUMCTIOM OF IMDEF AMD SOLM
EnTfcHonsf o o iMITe

This screen contains the following fields and menu keys:

i Contains the right-hand side of the differential equation
you want to solve.

Specifies the independent variable. (Defaults to X.)

Contains the independent variable’s initial value (ty). The
initial value of the independent variable must correspond
to the initial value of the solution variable: y(#y) = yo.

Differential Equations 19-1
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Contains the independent variable’s final value, {pivar.
You are trying to solve y({pmnvar) = {some unknown).

Specifies the solution variable. (Defaults to Y.)
Contains the solution variable’s initial value (yo = y({g)).

Contains the solution variable’s final value. This is what
you are trying to solve. You cannot enter a value in this

field.

Contains the acceptable level of absolute error. In a
physical model, select the tolerance to suit the accuracy of

the data. (Defaults to 0.0001.)

Contains the initial step size used to compute the solution.
The calculator uses the Runge-Kutta-Fehlberg method to
calculate ypinar. This method computes its solution by
automatically stepping from point to point, maintaining
accuracy at each point.

Selects the stiff solver.
Lets you edit a field.
Lets you select a variable.

Replaces the initial values with current final values. Use
this to compute the solution at another point using the
current solution as a starting point.

Solve the differential equation.

Solving a Standard Initial-Value Problem

Standard initial-value problems are differential equations that don’t
require the STIFF solver. To determine how stiff a differential
equation is, try graphing it before solving it. Very slow graphing may
indicate that the equation is stiff and the stiff solver should be used.

To solve a standard Initial-value problem:

o L0 N2 =

Enter an equation or press i
Specify the independent variable.

Enter the initial value for the independent variable.
Enter the final value for the independent variable.
Specify the solution variable.

% to select an equation.
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Enter the initial value for the solution variable.
Enter an acceptable error tolerance.
(Optional:) Enter a step size. Normally, the solver computes an

appropriate step size.
9. Press

- &

@

Fxample: Solve this equation for y(1) given that y(0) = 2:

y =t+y
()(SoVE) (W) o ESOLVE Y(TISFIT.Y
@ T @ Y ::IIIIEF= TTT;7T|= 5} FINAL: 1
(@) T (ENTER) O (ENTER) 1 sOLk: Y NI 2 Pkl (SRR
(ENTER) () 2 (ENTER) H50LVE TOL: , @EEL STER: Df 11 _STIFF
BT 6. 15477759886
| b ] ieeil] BE ]

How accurate is the answer? The general solution to the differential
equation

y =t+y
18
y=ce' —t—1

Where ¢ is an arbitrary constant. The given initial conditions were
2 = ce® — 0 — 1. Solving for ¢ and substituting back into the general
solution, the solution equation is

y=3e"—t -1

Solving for y(1), returns 3e — 1 — 1 = 6.15484548538. Comparing the
results you can see there is an error of approximately 0.000068 which
is well within the specified error tolerance of 0.0001.

Solving a Stiff Initial-Value Problem

Some differential equations may seem to take forever to solve. If this
happens, the equations may be stiff. Use the stiff function to solve the
equation.

To use the stff function:

. Press @ SOLV )

2 Select @l i

T
3

Differential Equations 19-3
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3. Highlight =

SOLYE ¥TI=F(T.H)
SEY SFaT:

MDER: ¥ INIT: @ FINAL: &, 5
30LN: Y INIT: @ FINAL:

TOL: , GEE1 sTeR: DF 1+ BsTier

CALCULATE STIFF DIFFEREMTIALY
T

This screen contains the following additional fields:

The partial derivative with respect to y of the expression
mn Fi.

The partial derivative with respect to ¢ of the expression

m FE.

19 To solve a stiff initial-value problem:
1. Highlight STIFF and press

2. Enter an equation or press i
stored in memory.
. Enter the partial derivatives of the equation with respect to y and
t (or press DHIDE to select them if they are stored in memory).
Specify the independent variable.
Enter the initial value for the independent variable.
6. Enter the final value for the independent variable.
7. Specify the solution variable.
8. Enter the initial value for the solution variable.
9. Enter an acceptable error tolerance.
10. (Optional:) Enter a step size. It is usually best to accept the
computed default step size.
11. Press : 3

DHEC.
T2 to select an equation already

(™)

Rl

Example:  Solve this equation for y(1) given that y(0) = 1:
y' = —1000 * (y — sin(t)) + cos(t)

This example assumes that the calculator is set to radians.
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SOLVE Y'CTa=FOT. v S
w BF3Y: —10,, sFaT: ' 1A,

IMDEF: T 1HIT: B FIMAL: 1

SOLM: Y IMIT: FIMnL: S0

TOL: , AREAL STER: Df 11 £ STIFF

841569839036

oo b b AN R

The problem takes about a minute to solve. (If you had used the
standard method, it would have taken over five minutes.)

How accurate is the answer? With the given initial conditions the
solution equation is:

y= F—lOODi

Solving for y(1) gives ¢ %% 4 sin(1) = 0.841470984808. Comparing
the results, you can see there is an error of approximately 0.000098,
which is within the specified error tolerance of 0.0001.

+ sin(t)

Solving a Vector-Value Differential Equation

You can use vector-valued equations to solve second-order (or higher)
differential equations given two or more initial values.

Another way to write the second-order equation

y' = ai(t)y + ao(t)y + g(t)

1s

1
(
r o Yy 0 1
You can then substitute w for | 7, |, fw for ‘ , and ¢ for
0 ives
1] &

which is a first-order differential equation.

w = fwxw+cxg(t)

Differential Equations 19-5
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Example:  Solve this equation for w(1) given that y(0) = 0 and
y'(0) =0 (w(0) =[00]):

' = 5y 4+ by+ 5t 41

Step 1:  Convert the equation into a first-order equation:

=5 0] [

Store the values in fw ( [()5 é} ) and ¢ (l:(l)] ):

@I @D 0 G
® 5 G0 » @D (D @ @ FW @) GT0)
Q@D | @D 0@ C G0

Step 2:

Step 3:  Enter the equation and initial values, set the solution
variable to w, and solve for w(1):

(*)(SOLVE) (V) SOLVE ¥TI=FIT.7)
7 F: Fli#l+Cx(, 52T+12
@) @) FW g W (1) . RJE INDER: T IMIT: @ FIMAL: ]

CIMEISICIENESE oL Wi [ @, Finac: [
TOL: , BAE1 STER: Df 11 _STIFF

@ T (ENTER) 0 (ENTER] 1 PRESS SOLVE FOR FIWAL SOLM VALUE

)
(ENTER) (@) W (ENTER) @@ Ent] ] [ [INITH[SDLYE]
0 (SPC) 0 (ENTER)

Press P to view the result vector, w(l), [ .718262064225
171826206422 ]. The first value is y(1), the second value is y'(1).

How accurate is the answer? The original equations are
y=e —t—1
and
Y =t+y

Evaluating the equations at 1 and comparing the results you can see
there is an error of approximately 0.0000198, which is well within the
specified error tolerance of 0.0001.
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Plotting Solutions to Differential Equations

You can plot the solution to an initial-value by selecting the
differential equation option of the PLOT dialog box.

i PLOT Y'(T¥=F(T.Y S
TvPE: Diff E £ [re
F: H
IMDEP: » INIT: & FINAL:E, &
soLM: Y T 8 _=TIFF

EMTER FUMCTION OF INDEF AMD SOLM
EGIT joHOO:] - |

This screen contains the following fields and menu keys:

The plot type (must be [
e The angle mode.

By The right side of the equation you want to plot.
The independent variable. (Defaults to X.)
The independent variable’s initial value (4o).

The independent variable’s final valae.

The solution variable. {Defaults to Y.)

The solution variable’s initial value.

Selects the stiff solver plot.

Lets you edit a field.

Lets you select a variable.

Lets you control plotting variables.
Erases previous plots.

Creates the plot.

and the following options appear:

Differential Equations 19-7
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5 PLOT OPTIOMWZ 5 i
TOL: [ISISTERE TEP: DF 11 wAuEs
H-YAE: @ H-VIEH: 6.5 &.5
v-ak: y-giEb -2, 1 2,2
H-TICK: 18 U=-TICK: 1@ PIELS

EMTER AESOLUTE ERROR TOLERAWCE
756 N T B (T o

This screen contains the following fields:

The acceptable error tolerance.

The step size.

Whether or not axes are drawn.

The variable plotted on the horizontal axis.

The variable plotted on the vertical axis.

The portion of the horizontal axis you want to see.
The portion of the vertical axis you want to see.
The horizontal tick-marks.

The vertical tick-marks.

Whether the tick-marks are spaced in user-units or pixels.

To plot a standard initial-value problem:

1. Enter an equation or press i % to select an equation.
2. Specify the independent variable.

3. Enter the initial value for the independent variable.

4. Enter the final value for the independent variable.

b. Specify the solution variable.

6. Enter the initial value for the solution variable.

7. Set desired options and view parameters.

8. Pres

19-8 Differential Equations



Example:

Step 1:

@EED @@ D ®
@TO@Y ETER@ T

Graph ' =t + y, y(0) = 2, over the interval [0, 1 |.

Select PLOT Diff Eq mode, enter the equation, set the
independent variable to T, and set the initial and final

values:

(ENTER) 0 (ENTER) 1 (ENTER)

CHED)

Step 2:

PLOT YiTIzFIT. 11§
T‘c'PE Diff Egq i Deg
BT

IMDEP: T IMIT: @ FiMAL: 1

SOLM: Y IMITE 2 Bs1ier

USE STIFF DIFF EG SOLVER?
B e T e S T

Set the horizontal view to range from -1 to 2, set the
vertical view to range from -2 to 8, and mark the axes every

user-unit.

orTs )V | () ENTER)
2 (ERTER) (8) 2 (70) (ENTER) ¢

(ENTER} 1 (ENTER] 1 (ENTER)

Step 3:

Draw the graph.

; PLOT OPTIONS
TOL: . BEA] sTER: Df 11 #ANES
H-VAR: @  H-WIEM:—1 2
y-yRR: 1 W-VIEW -2 B
p-mice: 1 w-mce: 1 EeeLs

TICK SPACING UMITE BRE PISELS?
TS e (TR BT

19

7

EITT G e e =

You can see that y(1) is approximately 6. This coincides with the
result from the first example in this chapter.

Plotting a Stiff Differential Equation

Use the stiff plot method when equations take a very long time to plot
or when equations are plotted erratically. Plotting Stiff differential
equations requires that you enter the partial derivatives of the
equation.

Differential Equations 19-9
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To use the stiff plot function:

L Press EEED

2. Select &

3. Highlight _

PLOT ¥'(TI=FLTY0E
TrRE: LDiff Egq 4 Deg
F: s HFAT:
IMDER: ) IMIT: B FIMAL: &, 5
SOLW: Y IHIT: @ BsmiFr

UZE STIFF DIFF E SOLVER?
[ 1 v cHe] 0Pt [ERACE] Dhabi]

This screen has the same elements that the standard plot has plus the
following;:

The partial derivative with respect to y of the expression

The partial derivative with respect to ¢ of the expression
n i

To plot a stiff initdal-value problem:

1
2.
3. Enter the partial derivatives of the equation with respect to y and

Al

~1 &

S © o

Select STIFF

Enter an equation or press CHITGE to select an equation.

t (or press % to select them if they are stored in memory).
Specify the independent variable.

Enter the initial value for the independent variable.

Enter the final value for the independent variable.

Specify the solution variable.

Enter the initial value for the solution variable.

Set desired optlonb and view parameters.

Press 3 :
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Examnple:  Plot the following equation given that y(0) = 1:

y = —1000 % (y — sin(t)) + cos(t)

Step 1:  Select stiff, select radians, enter the function, the partial
derivatives, and the initial values:

)o@ bE)@R PLOT Y(TI=FIT.4) ;
T ¥ 1vee: Diff E < Rad

@ -cHE @@ 1000 G | r g Nirsr -1, arer * 16,

@QO@YQDEW) @ T®) | meer: T war: i FIMAL: |

() (1) (C03) () T (ENTER) 1000 |satk: ¥ iMim 1 HsTIFF

1000 (@) | UsE STIFF DIFF EG SOLVERS

T OEN @ T EVTER) @ p [ [ ouR]0RTE ERRTE[DRAK]

T (ENTER) 0 (ENTER) 1 (ENTER)

® 1 G

Step 2:  Set the horizontal view to range from -1 to 2, set the vertical
view to range from -1 to 1, and mark the axes every 10
pixels:

s ()@ L (5 ETER)
2 (ETER) () | (50 (ETeR) |

(ENTER) 10 (ENTER) 10 (ENTER)
TR

19

PLOT OFTIOH: ¥
‘. 1 s1er: Df 11
H-4#R: @ H-WEW: —1 2
V-yRR: 1 W-VIEKE =1 1
H-mick: 18 v-mici: 18 Heews

TICK SPACING UMITE ARE FIRELS?
I R T R T T

Step 3: Draw the graph.
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Plotting a Phase Plane for a Vector-Valued Solution

The HP 48 also lets you plot vector-valued equations and select which
vector value is plotted on which axis. As described earlier, another
way to write the second-order equation

v =a(t)y' + ao(t)y + ¢(t)
18

w' = fusw+cxg(t)

Where w is Lj/,] , fw is [Go(zf) al]it):l ,and ¢ 1s [(1)}

The initial condition y'(Z0) = yo and y({p) = y; can be written w’(1;)
= [ yo y1 ]. This is a vector-valued initial condition.

Example:  Plot the following equation for w(1) given that y(0) =0
and y'(0) = 0 (w(0) = [0 0]):
y' = 5y + By+ 5t+1
where y(0) = 0 and 3'(0) = 0 (w(0) =[00]).

Step 1 Convert the equation into a first-order equation.

" To 1]y 0
HEEBIHEHE

Step 2: Store the values in fw and c.

@OM®E@MOoE 1
®) (D 5 (5P 5 ENTER) () (@) @ FW
@EO®EIDOEPY L ENTER) (D@ C
ET9)
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Step 3:  Enter the equation and initial values, set the solution
variable to w.

()PLoT)(A) (@) D (W) FLOT $T3=FIT.¥15

@ FW W ¢ :?’FE ?é&iugci siTDfﬁ '
@O ST 1 IMDEF: T IMIT: @ ”FIHHL=1
(ENTER) (@) T (ENTER) O sOLM: | iMiT: [ 3., BsTiFr
(ENTER) 1 (ENTER) (@} W USE STIFF DIFF EG SOLVER?
L 0 | [ [woeklorTs [ERRZE[DRAK]

Step 4:  Set the horizontal view to range from -1 to 2, set the vertical
view to range from -1 to 2, and mark the axes every 0.5
user-units.

artn ) (W) 1 L) (ENTER)  [B ALOT ORTIOWS
2 (ENTER) () | (/) (BNTER) 2 | % B0 sTen DF 1 s

H-UaR: @ H=YIEk: ~] 2
y-gik: 1 w-vIEM: —1 2
H-TiCK: 5 w-Tick: 5 BPmEeLs

TICK, SPACING UMITS RRE PIRELS?
[ ool hecHE] . JERNCL] O

(ENTER) .5 (ENTER]) .5 (ENTER)

Siep 5: Draw the graph.

i

jzoatifeavel [ ] EOIT [CANGL]

Step 6: Redraw the graph with the second vector value plotted on
the vertical axis.

eootfesval o f o T EMT
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alculus an

Integration

You can calculate symbolic integrals for expressions with known

antiderivatives (indefinite integrals). You can also estimate the
numeric value of those and other integrals.

Numeric Integration

Numeric integration lets you approximate a definite integral—
even when symbolic integration can’t generate a closed-form result.

Numeric integration employs an iterative numeric procedure to obtain

the approximation.

To find the value of an integral with numeric fimits:

. Press (»)(SYMBOLIC

2. Enter the expression to be integrated in the ¥

. Enter the variable of integration in the
. Enter the limts of integration in the

. Make sure the

form.
i field (without

to open the

the integral sign).
field.

= and

; fields. For
numeric integration, the limits must be numbers or algebraic
expressions that evaluate to numbers.

T field says
necessary.) You will see the

s (press (M=), if

" field appear when

the result type is . Tt 1s important because the number
display format determines the accuracy factor for the numeric
integration.

Calculus and Symbolic Manipulation 20-1
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s IMTEGRATE 3

vaR: LD:
REZULT: Humeric

MUMEER FORMAT: St

EMTER ENPREZZION
EpITJCHODS] ] [RNCLY Ok |

The Numeric INTEGRATE Screen.

6. Set the number display format to indicate the accuracy factor you
desire for the computation. The %t format yields the highest
accuracy factor (and conqequenth the longest calculation time)
while Fix & (or ) yields the lowest accuracy factor
(and the shortest calculation time). See “The Accuracy Factor and
the Uncertainty of Numerical Integration” on page 20-6.

. Press to compute the integral.

7

Improper integrals are those integrals where one or both limits are
infinity (oc). The HP 48 is a calculator with finite computational
limits and thus must always use finite limits when computing numeric
integrals. However, by using a transformation of variables, you can
map an unbounded domain onto a bounded one.

One useful transformation, r/ = arctan x, maps the entire real r-axis

onto the bounded interval 5F <y < 7. This is the transformation:
ge'e] arctancc=2%
/ J(x)de —— f(tany) - (1 + tan *y)dy
o0 arctan —oo= =~

To evaluate an improper integrai:

1. Make sure that you are in Radian mode (press (49)(RAD), if
necessary ).
EGEATE form

2. Press (»}(SYMBOLIC) i3k to open the

3. Enter the integrand from the improper integral 1nto the &
field.
4. With the field highlighted, press

the transformation expression onto the stack. For example, if the

and enter

variable of integration for the improper integral is &, you would
enter THHIY» to make the transformation (# = tany) shown
above. Make a extra copy of transformation expression by pressing

ENTER) a second time.

20-2 Calculus and Symbolic Manipulation



-1

e 8]

10.

11.

12.

13.

. Press

. Enter the new variable of integration into the *

. Enter the name of the original integration variable in the improper

integral and press (STO).

. Enter the name of the new integration variable and press ((2)(8)

to compute the derivative of the transformation expression with
respect to the new integration variable.
to compute the transformed integrand

: field.

and return it to the §

field.

. Enter the lower limit of integration into the Lz field. Use

* wherever you need to include oo.

Press ., transform the limit, and press = {ik  to return.
For the arctangent transformation above, y = arctan z, you must
find the arctangent of the limit to transform it. Note that this
function is the inverse of that used to transform the expression
above.

Repeat the previous two steps for the upper hmit, beginning and

ending in the HI: field.

Make sure that the result type is Mz io and set the desired
number format.

Press ik to compute the numeric integral.

Example: Compute the following improper integral:

Step 1: Open the

co0 |
/1 r(x+ 1)d$

form and enter the integrand of the

improper integral.

@EUAN | @ @X ®
RO@XD!

YaR:
RESULT: Syumbo

EMTER EXPREZZION
E0IT JEHOOE] - [ [UAMCL] 0K |

Calculus and Symbolic Manipulation 20-3
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Step 2: Use CALC to access the stack, enter and duplicate the
transformation expression.

NXT) erit (JOAN) (@)Y J: IR
%5 TENCED
pere b 8 L fANiL] DK

Step 3: Transform the variable of integration, purge Y to ensure
a symbolic result, and compute the derivative of the
transformation expression.

O@XED
O @Y EreR) ETER)
QR @)

HloCaElne] 00!
L1+HTAMCY )2
s] [ [ lewi] OF |

Step 4:  Multiply the derivative of the transformation expression
20 by the integrand, evaluate to effect the transformation and
return the result to the field.

YA
REZULT: Symbolic

EMTER EXPREZSION
RESET| CALC JTVPES] © [iBMiL] 0K |

Step 5:  Enter the new variable of integration, then compute and
enter the transformed limits.

M (@)Y (ENTER)

1@ x“
D AR
@(ATAN] @[CONT] i

EXPR: 1/(TFIH'”T')*(THH...
VAR Y « 73 H: BRI
RESULT: Sumbol ic

ENTER UPPER LIMIT
REZET[ CALC {TVPES] - [AMIL] DK

Step 6:  Change the result type to ¥ iz, set the display to !

and compute the integral.

®OEHO®
(until 5t is displayed)

ol

1: . 693147188555
WECTR|FBTR] LIST [ HYP [ KEAL [EWSE]
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To evaluate a multiple integral numerically:

1. Press («9)(EQUATION), key in the multiple integral (include all
integral signs), and press (ENTER). All limits must evaluate to a
number.

2. Set the number display format to reflect the desired accuracy.

3. Press (|9)(3NUM) to compute the result.

Example:  Find the area of the region enclosed by the cardioid,
7 = 1— cosf. The region can be expressed by the double

integral:
27 1—cosé
/ / r dr df
Jo 0

Step 1: Key in the double integral using the EquationWriter.

()(EQUATION) (@)D 0 (&) 2

QGICIRGHORS 2ar [1-COS(8)

@) @@ ®E @@ J J rdr del

® @@ ® ) @@F ?
WECTR[MATE] LIT | HYP [REaL [EASE]

Step 2:  Enter the double integral onto the stack and set the display
mode to Fix 3 and the angle mode to Radians.

ENTER 1: 'g(B;Z'?;ﬂéf';B,l—EDS(
() (MODES) R ) al"al”ts
(«<)(RAD) (if necessary) P a1 [ Finow] soi | EMG ] FriL [ RIL s

Step 3: Evaluate the double integral. Then test your suspicion that
7 might be a factor in the result.

(M) 21 4,712
() (SYMBOLIC) (NXT) 1: "JeeEn!
[ran T HAT] e [ 3aw] 1 [RRPLY]
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The Accuracy Factor and the Uncertainty of Numerical
Integration

Numeric integration calculates the integral of a function f(x) by
computing a weighted average of the function’s values at many values
of z (sample points) within the interval of integration. The accuracy
of the result depends on the number of sample points considered:
generally, more sample points provide greater accuracy. There are two
reasons why you might want to limit the accuracy of the integral:

m The length of time to calculate the integral increases as the number
of sample points increases.
® There are inherent inaccuracies in each calculated value of f(2):
o Experimentally derived constants in f(2} may be inaccurate.
For example, if f(z) contains experimentally derived constants
that are accurate to only two decimal places, it is of little value
to calculate the integral to the full (12-digit) precision of the
calculator.
If f(x) models a physical system, there may be inaccuracies in the
model.
o The calculator itself introduces round-off error into each
computation of f(z).

o

To indirectly limit the accuracy of the integral, you specify the
accuracy factor of the integrand f(x), defined as:

true value of f(x) — computed value of f(x)

aceuracy faclor < computed value of f(x)

The accuracy factor is your estimation in decimal form of the error

in each computed value of f(z). You specify the accuracy factor by
setting the Display mode to n Fix. For example, if you set the display
mode to 2 Fix, the accuracy factor is 0.01, or 1%. If you set the
display mode to 5 Fix, the accuracy factor is 0.00001, or .001%.

The accuracy factor is related to the uncertainty of integration (a
measurement of the accuracy of the integral) by:

uncertainty of integration < accuracy factor x / |f(z)|d=z
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The striped area is the value of the integral. The shaded area is the
value of the uncertainty of integration. You can see that at any point
r, the uncertainty of integration is proportional to f(x).

The numeric integration algorithm uses an iterative method, doubling
the number of sample points in each successive iteration. When the
algorithm stops, the current value of the integral is returned to level
1, and the uncertainty of integration is stored in the variable JERR.
The error in the final value will almost certainly be less than the
uncertainty of integration.

To check the uncertainty of the numeric results:

g After computing the numeric results, press
need to press one or more times before I
the menu.

(you may
is displayed in

Symbolic Integration

Symbolic integration means calculating an integral by finding a known
antiderivative and then substituting specified limits of integration.
The result is a symbolic expression.

The HP 48 can integrate the following patterns:

& All built-in functions whose antiderivatives contain only built-in
functions (and whose arguments are linear). See the analytic
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functions, labeled with “A” in appendix G. For example,

e,
— PO

m Sums, differences, negations, and other selected patterns
of such functlonﬂ For example : g
»' and ¢

FLML

m Derivatives of all built-in functions. For example, * IHY {1+

g Polynomials whose base term is linear. For example, 4

et et 1
R

To find the definite integral with symbolic limits:

1. Press (#)(SYMBOLIC) - &l to open the I

IMTEGRATE

RESULT ngbol ic

EMTER ENPRESSION
RN (LTI e (T T

The Symbolic INTEGRATE Screen.

2. Enter the expression to be integrated in the ExPE: field (without
the integral sign).

3. Enter the variable of integration in the ¥#E:

4. Enter the limits of integration in the L. and HI: fields. If you
want to use formal variables for limits, be sure that the variables do
not exist in the current directory.

5. Make sure the REZL
necessary.)

6. Press to compute the integral. If the result is a closed-form
expression—if there is no & sign in the result—the symbolic
integration was successful. If the result still contains £, you can try
rearranging the expression and evaluating again. If rearranging fails
to produce a closed-form result, you can estimate the answer with
numeric integration or approximate the symbolic integral using a
Taylor’s polynomial (see “Taylor Polynomial Approximation,” on
page 20-12).

¢ field.
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7. Press to simplify the closed-form result.

To find the indefinite integral of a function:

1.
. Enter the expression to be integrated in the

[

Press (¢#)(SYMBOLIC

to open the FTE
field (without

the integral sign).

Enter the variable of integration in the % field. Make sure that
this variable is formal—that it doesn’t Ellbf i the current directory.
Enter 0 as the lower imit and the variable of integration as the

upper limit.

Make sure the ¥

necessary. )

Press ik to compute the closed-form expression.

T field says - {press (#/=), if

. With the closed-form expression on level 1 of the stack, press

to discard the lower

: 3 () (STACK) (BXT)
limits.

Press (EVAL) to evaluate the result at the upper limit.

To symbolically integrate an expression that’s not integrable:

1.
2.

Derive a Taylor’s polynomial approximation to the integrand.
Find the symbolic integral of the Taylor’s polynomial.

Differentiation

You can differentiate a symbolic expression either one step at a time,
so you can see the substitutions—or completely in one step, so vou can
go right to the final result. If your expression contains only analytic
functions (those labeled with “A™ in appendix G), you get an explicit
derivative.

To find the derivative of a function at a specified point:

1.

(LR

. Enter the function into the

. Press (#/-), if necessary, to change the result type to

Press () EYMEOLIC) (V)

form.

to open the

field.

Enter the variable of differentiation into the

Calculus and Symbolic Manipulation 20-9
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YAk

RESULT: Humeric
URLUE:

ENTER EMPRESSION
EDIT JCHOOE] = [ STERJUANCL] OK |

The Numeric DIFFERENTIATE Screen

5. Enter the value at which you want to compute the derivative into
the ¢ field.
6. Press

To symbolically differentiate an expression completely in one step:

1. Press () EYMEOLC) ()

form.

to open the

DIFFEREMTIATE &
EXPR:
Vik:
REZULT: Sumbolic

EMTER EHPREZSION
E0IT [CHOOE] - | STER JOAMIL] O |

The Symbolic DIFFERENTIATE Screen

2. Enter the function into the : field.
3. Enter the variable of differentiation into the
4. Press . {iE

To symbolically differentiate an expression step-by-step:
1. Press (»)(SYymMBOLIC) (W) @3k to open the [

form.

2. Enter the function into the EXFE: field.

3. Enter the variable of differentiation into the

4. Press “# . The first step of the derivative
and returned to the stack.

5. Press repeatedly to advance the evaluation of the derivative
step-by-step.

field.
will be computed
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Creating User-Defined Derivatives

If you execute @ for a function that has no built-in derivative, 8
returns a new function whose name is der followed by the original
function name. The new function has arguments that are the
arguments of the original function, plus the arguments’ derivatives.
(You can differentiate further by creating a user-defined function to
represent the new derivative function.)

If you execute 9 for a formal user function (a name followed by
arguments in parentheses, for which no user-defined function exists
in user memory), d returns a formal derivative whose name is der
followed by the original user function name, plus the arguments and
their derivatives.

Example: The HP 48 definition of % does not include a derivative.
If you enter vi3' and press (EVAL), you get

Each argument of the % function results in two arguments
for the der% function— results in * and ,and Y

results in % and

WIH appear in your VAR menu.

@m

Now you can obtain the derivative of !
by entering the expression and the v

pressing (3)(@) () (ALGEBRA) ¢

, then
". The result is

Example: Entel the derivative of a formal user function,
. Then evaluate it by pressing

(EVAL). The result is thls
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Implicit Differentiation

An implicit function of, say, = and y is a function in which one of the
variables {y) is not directly expressed in terms of the other variable
(f). This may be because it is either impossible, difficult, or not at all
obvious how the expression may be solved for one variable in terms
of the other. When this happens it is still possible to differentiate the
expression using normal rules of differentiation (and the chain rule).

To perform implicit differentiation:

1. Enter the implicit function onto the stack. Instead of using two
independent variables (such as z and y), make the second variable
dependent on the first (such as z and y(z)). This links the two
variables appropriately so that the differentiation treats the
function as implicit, instead of eliminating one of the variables as a
constant.

9. Enter the variable of differentiation onto the stack (using the
delimiters).

3. Press (2)(9) to compute the implicit derlvatlve You may see a
user-defined derivative (such as s 17) included in the result.
This is the way the HP 48 expresses the derlvatlve of one variable
with respect to the other (such as dX)'

Taylor Polynomial Approximation

For any mathematical function represented by a symbolic expression,
you can compute a Taylor’s polynomial approximation about z = 0,
sometimes called a Maclaurin series. You can also specify the order of
the polynomial.

To derive the Taylor's polynomial approximation about x =

1. Press (@)(SYMBOLIC) (W) (¥) @K to open the T

4170 form.

Oy
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4.

5.

TAYLOR POLYMOMIAL £

EXFR
YAR: ORDER:
RESULT: Numer ic

EMTER EXFRESSION
EWIT [oHOD:] . [RNiL] OR

The TAYLOR POLYNOMIAL Screen

Enter the function you wish to approximate into the EXFE: field.

. Enter the name of the variable to be used in the Taylor polynomial

into the WAR: field.

Enter the order of the Taylor polynomial into the ORGER: field.
Note that higher order polynomials require more time to compute.
Press @ 0K © to derive the Taylor polynomial approximation.

TAYLR always evaluates the function and its derivatives at zero. If
you're interested in a function’s behavior in a region away from zero,
the Taylor’s polynomial is more useful if you translate the point of
evaluation to that region, as described below. Also, if the function
has no derivative at zero, its Taylor’s polynomial will be meaningless
unless you translate the point of evaluation away from zero.

To derive the Taylor’s polynomial approximation aboul X = a:

1.

Press () (SYMBOLIC) (W) (¥) K  to open the TAYLOR
FOLYHOMIAL form.

. Enter the function you wish to approximate into the ExXFF: field

and press (ENTER).

. Press (&) CHLT and enter "YW+a' on to the stack, where a

is the point at which you are deriving the polynomial. Note that
(or whatever name you wish to use instead) must not exist in the
current directory path.

Press () (@)X K to store the translation,
reevaluate the function using the translation, and return the result
to the ExFE: field.

Enter the name of the new variable (%) to be used in the Taylor’s
polynomial into the “YAR: field.

. Enter the order of the Taylor’s polynomial into the ORDER: field.

Note that higher order polynomials require more time to compute,
but result in better approximations.
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7. Press - i
the translated point.

. Press &)

o0

(«1)(PURG) to purge the ¥

to derive the Taylor’s polynomial approximation for

varlable.

9. Enter '¥-a’ onto the stack and press () (oY to store it in

¥, (If you used a different dummy variable name, use it in place of

¥ here.)

10. Press to change the variable back to the original . You

may also wish to press (4q)(SYMBOLIC) &

results.

T to simplify the

7
ek

7

Finding Symbolic Solutions to Equations

A common goal of algebraic manipulation of an expression or equation
is to “solve for” a variable symbolically—that is, to express one
variable in terms of the other variables and numbers in the expression
or equation. You can solve symbolically using these commands:

m ISOL. Solves for a variable that appears only once in any type of

expression or equation.

m QUAD. Solves for a variable that appears in a quadratic expression

or equation.

Comparison of Commands for Symbolic Solutions

ISOL Command

QUAD Command

Variable appears only once.
Variable can be any order.

Variable can be the argument of a
nonlinear function (such as SIN).

Variable can appear several
times—no rearranging required.

Variable must not be higher than
second order for an exact
solution.
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Isolating a Single Variable

To solve for a variable that appears only once:

1. Pleqs @W @@ (¥) i to open the
& form.

2. Enter the expression or equation to be solved into the F : fleld.
If the algebraic is an expression (it has no =), the expression is
treated as an equation of the form ' expression=it.

3. Enter the variable you wish to solve for into the ¥R field. The
variable to be isolated can be the argument of a function only if the
HP 48 has an tnverse for thal function. Functions for which the
HP 48 has inverses are called analytic functions in this manual For
example you can isolate X in an algebraic containing 7
» because TAN and LN have inverses (ATAN and EXP)
Howexer you cannot isolate X 1n an algebraic containing I '
The operations index in appendix H identifies the HP 48 analytic
functions.

4. Optional: Select the result type you wish. (Humsric will attempt
to compute a numerical solution and generate an error message if it
fails.)

. Optional: Check the F field if you only want to see the
principal solution {see “Getting General and Principal Solutions”
on page 20-16).

6. Press ik . to solve for the variable.

[

Solving Quadratic Equations

To solve for a variable in a guadratic:

1. PI@SS (»)(SYMBOLIC) (&) (&) Tk to open the :

= form.

2. Entel the quadratic equation or expression you wish to solve in the

P field. If the algebraic is an expression, the expression is
treated as an equation of the form *expression=8'. If you supply
an equation that is not first or second order in the variable to be
solved for, it will be transformed into a second order polynomial
approrimation before being solved as a quadratic.

3. Enter the variable you wish to solve for in the field. If the
algebraic contains other variables, they must not exist in the
current directory if you want those variables to be included in the
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solution as formal (symbolic) variables. If they exist in the current
directory, they are evaluated when the quadratic is solved. (Purge a
variable to make it formal.)

4. Optional: Select the result type you wish. (Humeric will attempt
to compute a numerical solution and generate an error message if it
fails.)

5. Optional: Check the FRIMZIFAL field if you only want to see the
principal solution (see below).

6. Press - i . to solve the quadratic.

Getting General and Principal Solutions

HP 48 analytic functions always return one result—the principal
solution. For example, v/4 always returns +2, and ASIN(.5) always
returns 30 degrees or (.524 radians.

However, when you solve an algebraic for a variable, there may be
more than one solution——and you may want to know what they
are. So the ISOL and QUAD commands normally return a general
solution. A general solution represents the multiple solutions by
including special variables that can take on multiple values:

® s/ represents an arbitrary + or — sign (+1 or —1). Additional
arbitrary signs in the result are indicated by s2, s8, ... . The
“principal” value for arbitrary signs is +1.

& nl represents an arbitrary integer—0, 1, £2, ... . Additional
arbitrary integers are represented by n2, n3, ... . The “principal”
value for arbitrary integers is 0.

To specify general or principal solutions while viewing the stack:

1. Press (»)(MODES) FLAG .

2. Press ' HE " until the desired option is displayed for Flag -1.

Example: Using ISOL to isolate z in the equation y = sin z?, gives
the following results when general and principal solution
options are chosen (in Radians mode):

Principal Solution: '==[ASIHYY".

General Solution: 'H=zl1#J{ASIMH{YI%{~-
1 ml+wsEnlls?
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Showing Hidden Variables

Sometimes you may want to solve for a variable that’s stored in
another variable. To do this, you have to convert the algebraic so the
hidden variable is visible.

Sometimes you may want to speed evaluation by converting an
algebraic so all variables except certain ones are evaluated.

To evaluate only specified variables in an expression:

1. Enter the expression onto the stack.
2. Do one of the following:
B Enter the name (with ' delimiters) of the variable in the
expression that you do want to evaluate.
m Enter a list containing the variable names in the expression that
vou do not want evaluated.

3. Press («9)(SYMBOLIC) . The expression will be partially

evaluated according to your wishes in step 2.

To evaluate an algebraic for lemporary variable values:

1. Enter the algebraic onto the stack.
2. Enter a list that contains each variable name followed by the value

to substitute. For example: £ name; ELPT ]« « « NAMEy ETPTy &
where ezpr can be a number or a symbolic expression.
3. Press {(«9){(SYMBOLIC) (NXT) i to perform the evaluation. If a

variable named in the list currently exists (in the VAR menu), its
contents are not changed by the | (“where”) function.

Rearranging Symbolic Expressions

Manipulating Whole Expressions

You can sometimes simplify algebraics by expanding subexpressions or
collecting like terms. For example, if a variable occurs more than once
in an algebraic, you may be able to simplify it so the variable occurs
only once—letting you use ISOL to solve for the variable.
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A subexpression consists of a function and its arguments. The
function that defines a subexpression is called the top-level function
for that subexpression—it’s the function that’s executed last. For
example, in the expression i ' the top level functlon for the
subexpression el function for :
and the top level funchon for BRI

g.?: ]

-, the top l

To collect like terms in an algebraic:

# Enter the expression onto the stack and press (&q}(SYMBOLIC)

I. COLCT simplifies an algebraic by doing the following:
0 Evaluatea numerical subexpressions. For example,

LT returns #.

| Collects numerical terms. For example, '}

Oldelq facto% (algumentq of *) and combines like factors. F01

g

EORE N
i

e\(amplo i [ returns
o Orders summands (arguments of + or —) and combines like
terms differing only in a coefﬁcwnt For example,

COLCT operates separately on the two sides of an equation, so like
terms on the opposite sides of the equation are not combined.

To expand products and powers in an algebraic:

# Enter the expression onto the stack and press («)(SYMBOLIC)

. EXPAN rewrites an algebraic by doing the following:

o Distributes multiplication and division over addition. For
example, *Fi# : returns ‘H

o Expands POWerS Over Sums. For example,
returns ‘¥ o

o Expands positive power mteg,els For example

i, and :

returns

EXPAN doesn’t carry out all possible expansions of an algebraic
in a single execution. Instead, EXPAN works down through the
subexpression hierarchy, stopping in each branch of the hierarchy
when it finds a subexpression that it can expand. It first examines
the top-level subexpression (the top level subexpression is the
algebraic itself). If it’s suitable for expansion, EXPAN expands

it and stops—otherwise, EXPAN examines all of the second-level
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subexpressions. This process continues until an expansion occurs at
some level-—no lower levels are checked.

Manipulating Subexpressions

You can rearrange an algebraic in specific step-by-step stages, letting
you get the result in the form you want. The Rules transformations
are algebraic-rearrangement operations that are narrower in their
scope than EXPAN and COLCT. The Rules transformations let you
direct the path of an algebraic rearrangement.

To algebraically rearrange a particular subexpression:

1. Put the algebraic in the EquationWriter application:
s To enter a new algebraic, press (43)(EQUATION] and key it in.
@ To use an algebraic in level 1, press (¥).
m To use an algebraic stored in a variable, press the VAR menu key
associated with the variable and press (¥).
2. Get the Selection environment:
& From entry mode, press («).
® From scrolling mode, press («3){PICTURE] ().
3. Press (&) (V) («@) () to move the selection cursor to the top-level
function for the subexpression you want to rearrange. (See below.)
F at any time to highlight the current
subexpression in its entirety (the highlight turns on or off).

5. Press RULES to get the RULES menu. (You can press (5) to return
to the Selection menu.)

6. Press the menu key for the transformation you want {or just move
the cursor to not do a transformation). Press () before any
transformation key to execute the transformation repeatedly until
no further change occurs.

7. Repeat step 6 for each transformation you want. (If you move the
cursor, you have to go back to step 3.)

8. Press (ENTER) to save the transformed algebraic (or press (CANCEL

to not save it).

In this section, the definition of subexpression in the previous section
is expanded to include individual objects. For example, you can
specify a name as the subexpression.

After you activate the Selection environment, you move the
selection cursor—it specifies both an object in the algebraic and its
corresponding subexpression.
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Operations in the Selection Environment

Description

Selects a menu of relevant rearrangement
transformations for the specified subexpression.
Returns the specified subexpression to the command
line for editing.

Highlights the specified subexpression.

Returns the specified subexpression to level 1 of the
stack.

Replaces the specified subexpression with the algebraic
in level 1 of the stack. (See “Replacing a Subexpression
with an Algebraic Object” on page 7-12.)

Exits the Selection environment, restoring the entry
mode cursor at the end of the equation.

2)¥) Moves the selection cursor to the next object in the
(<) () indicated direction. When prefixed with (), moves
the selection cursor to the farthest object in the
indicated direction.

+/- Highlights the specified subexpression (just like
EHFRE ), but is also active when the RULES menu is
displayed.

The RULES menu may include transformations that aren’t applicable
to the specified subexpression—such menu keys produce a beep. After
you execute a transformation, the selection cursor highlights the new
top level object. The RULES menu is removed whenever you press
any of the following keys: («) () (&) (¥), (=] (to return to the Selection
menu), (ENTER), or (CANCEL).

The tables on the next several pages describe the Rules
transformations and show examples. However, the tables do not
include all patterns for which transformations are applicable.
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Note

The following tables include examples of
transformations in the form

before — after

The before and after algebraics are shown in their
command-line form-—even though you execute Rules
transformations in the Equation Writer environment.

If you try an example, press to see the new

expression in command-line form.

The RULES Menu—Universal Transformations

Description

Double-invert.

Fi— THY

Multiply by 1.
A Rl

A+EE ] — Rl

Raise to the power 1.

Ho— ATl

Divide by 1.
B — Bl

FitEis |

i

Add 1 and subtract 1.

i — Friel

Collect. Executes a limited form of the COLCT
command in the SYMBOLIC menu. Works only on the
subexpression defined by the specified object and
leaves the coefficients of collected terms as sums or
differences.
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The RULES Menu—Moving Terms

Key Description
& Move-term-left. Moves the nearest neighbor to the
right of the specified function over the nearest neighbor

ction.

# Move-term-right. Moves the nearest neighbor to the
left of the specified function over the nearest neighbor
to the right of the function.

L i ;:: ™ e o :,

=T and T% 0 are used to move a term over its “nearest
neighbor” to the left or right. A term is an argument of + or — (a
summand), an argument of * or / (a factor), or an argument of =.
Also, these two operations ignore parentheses—you can make them
respect parentheses by executing = #1 " to make the parenthetical
subexpression a term.
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The RULES Menu—Building and Moving Parentheses

Key Description

S Parenthesize-neighbors. Parenthesizes the nearest
neighbors of + or . Has no effect if the specified
function is the first (or only) function in the

expression, because these parentheses are already
present, but hidden.

ST

s Expand-subexpression-left. Expands the subexpression
associated with the specified function to include the
next term to the left. Note that a matched pair of
parentheses may disappear.

£ Fbs e

o Expand-subexpression-right. Expands the
subexpression associated with the specified function to
include the next term to the right.

Fiee o PLE — F b

The RULES Menu—Commuting, Associating, and
Distributing

Key Description

o Commute. Commutes the arguments of the specified
function.

FaEE — BEE

H Assoclate-left.

iy
bR

A Distribute-prefix-function.
. -
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The RULES Menu—Commuting, Associating, and
Distributing (continued)

Key

Description

Distribute—left.

s

1

Merge- factors-left Me1ges arguments of +, —, %, and
/, where the arguments have a common factor or a
common single-argument function EXP, ALOG, LN, or
LOG. For common factors, the + indicates that the
left-hand factors are common. Also merges sums where
only one argument is a product.

Merge-factors-right. Merges arguments of +, —, *, and
/, where the arguments have a common factor. The =+
indicates that the right-hand factors are common. Also
merges sums where only one argument is a product.

Double-negate and distribute. Equivalent to :
fol]owed by #17% on the resulting inner negation.

Double-invert and distribute. Equivalent to [#i
followed by on the resulting inner inversion.
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The RULES Menu—Rearranging Exponentials

Key Description

Lo# Replace log-of-power with product-of-log.

Replace power-of-power with power-product.

Replace exponential with trigonometric functions.

(This example assumes Radians mode.)

The RULES Menu—Adding Fractions

Key Description

Add fractions. Combines terms over a common
denominator. (If the denominator is already common

between two fractions, use

The RULES Menu—Expanding Trigonometric Functions

Key Description

Expand-trigonometric-definition. Replaces

trigonometric, hyperbolic, inverse trigonometric, and
inverse hyperbolic functions with their definitions in
terms of EXP and LN. (These examples assuimne
Radians mode.)

Expand as product~of—trigonometri(t—functions.
Expands trigonometric functions of sums and
differences.
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The RULES Menu— Automatic Multiple Execution

Key Description ]

[i= Multiple-distribute-right.

Multiple dlqtu})ute left.

i M ultlple associate-right.

o F Multiple-associate-left.

Multiple-merge-factors-left.

] Multlple nmove- telm-udht.

Multiple-move-term-left.

0 Multlple oxpand qubexplesuon ught

L MuIt1p1e—eXpa,nd—subexpression—left‘

Example:  Solve for the variable  in the equation
ar =bx+c

Do this by rearranging the equation so z appears only
once, then using ISOL.

Step 1: Select the Equation Writer application and key in the
expression.

(\)(EQUATION)
DIAXNX®E
B XOC @

A+=B-+L

VECTE] HATR LIZT | HYR [ REAL | EASE |
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Step 2:  Activate the Selection environment. Then move the selection
cursor to the = sign and get the RULES menu.

) |
(<) (5 times)

Step 3: Move the term E =i to the left side of the = sign.

k@b n=C

[ e [ 1 [em [ Me ] wE [ €% |

Step 4: Merge the two terms on the left side of the = sign.

B
15 I

[A-Bl@=C

Step 5: Now that z occurs only once in the equation, put the
equation on the stack and isolate z.

Making User-Defined Transformations

If the built-in Rules transformations do not rearrange an algebraic

in the form you want, you can make your own transformations. A
“custom” transformation replaces occurrences of a pattern with a new
pattern. The pattern can be specific or it can contain “wildcards” that
match any subexpression and that you can reinsert in the replacement.
You're informed whether or not a replacement was made.
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You can also make conditional transformations~—whether they occur
depends on a condition you specify.

To replace a subexpression with a different subexpression:

<

. Press () SYEOLIE) ()

to display th
£ form.

Press MATL to open the |
Enter or insert the expression you wish to modify in the
field. (You may msmt an expression on level 1 of the stack by

pressing (NXT) )

- form.

. Enter the symbolic pattern that you wish to replace in

the f field. For generalized transformations, the
search pattern can contain “wildcard” names that match any
character

, and

subexpressions. A wildcard name consists of an #

{{a)(«x)(ENTER)), and a valid variable name (

are examples).

. Enter the new, replacement symbolic expression in the

s field. In general, if you used wildcards in the
pattern expression, you should use wildeards in the replacement
expression. You may not use a wildcard in the replacement
expression that you did not use in the pattem expression.
Optional: Put a check-mark in the : field if

you want the search-and-replace to begin at the lowest level of
subexpressions and work “upwards” to the overall expression—a
good option if the substitution will simplify the expression. Leave
the field unchecked to begin the search with the overall expression
and work “downwards” to the lower levels of subexpressions—a
good option if the substitution will ezpand the expression. Note
that a subexpression that already has been matched (and thus
replaced) is not a candidate for any further matches, nor are any
subexpressions whose arguments already have been matched.
Optlonal Enter an expression representing a conditional test (such
). The replacement will occur only if the test is true.
Press =ik to execute the search-and-replace in the chosen
“direction” and according to the conditional test, if any.
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Example: An extension of the half-angle formula for sine is
sin(2z) = 2sin(z) cos(z)
Create a transformation based on this formula and use it
to transform the expression 'SIHCZ$ H+1 s}
Step 1: Open the MATCH EXPRESSI0N form and enter the target
expression into the ExFE: field.

DEWESO @) _ ok
HATE OEN 2 @O
@Y @ T EED

% MATCH ERPRESSION
s IGTMC2%CR+FLD
PATTERM:
REFLACEMENT:

_ SUBREXPR FIRAT COMD:

EMTER PATTERM T0 SEARCH FOR
T e e B T T T

Step 2:  Enter the pattern and replacement expressions, using a
wildcard for z in the formulas.

()M 2 @ @@ ETED

% MATCH EXPRESSION

3

TSIMC2®(R+10D
()7 ENTER) () 2 (x) SIN) PATTERN: "SIHCZ#RED !
@®EENTER) (@)Z () (X) REPLACEMENT: ' Z¥SIMCRZ )%,

BlsusenPr FIRST  COND:

SEARCH SUBEXPRESSIONS FIRSTY
B s I E T

(9 @ @ENTER) @2
(ETER)

Step 3. Leave T - FIRST unchecked and do not include a
conditional test. Execute the search-and-replace.

MANIFILATE EXPREZSION
R DS THC A+ xC0S

EMTER EXPRESSION
[E0IT jeHo0s] - [MBTCCOLCTIEHPH]
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Symbolic Integration Patterns

This table lists the symbolic integration patterns used by the HP 48.
These are the integrands that the HP 48 can integrate symbolically.

¢ 1s a linear function of the variable of integration. The antiderivatives
should be divided by the first-order coefficient in ¢ to reduce the
expression to its simplest form. Also, patterns beginning with 1/

match INV: for example, 1/¢ is the same as INV(¢).

Symbolic Integration

Pattern Antiderivative
ACOS{(¢) $XACOS()~/(1-4?)
ALOG(4) 434294481904 X ALOG ()
ASIN(¢) #x ASIN(¢)+/(1—¢?)
ATAN($) #x ATAN(¢~LN(1+¢2)/2
COS(s) SIN(¢)
1/(COS(¢)xSIN(¢)) LN(TAN(#))
COSH(4) SINH(¢)
1/(COSH(¢)xSINH(¢)) LN(TANH(¢))
1/(COSH(4)?) TANH(¢)
EXP{¢) EXP(¢)
EXPM(¢) EXP($)-¢
LN(¢) dxLN(¢)—¢
LOG(¢) 434294481904 X o x LN () — ¢
SIGN(4) ABS(¢)
SIN(¢) ~COS(¢)
1/(SIN(¢}xCOS(4)) LN(TAN(¢))
1/(SIN($)x TAN(#)) ~INV(SIN(4))
1/{SIN(¢) x TAN{¢)) ~INV(SIN(¢))
1/(SIN(4)%) —INV(TAN(¢))
SINH(¢) COSH(¢)
1/(SINH(¢) x> —INV(SIN(¢))
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Symbolic Infegration (continued)

Pattern Antiderivative
1/(SINH{¢)x COSH(¢)) LN(TANH($))
1/{SINH{$)x TANH({¢)) —INV(SINH(¢))
SQ(e) ¢*/3
TAN(¢)? TAN(¢)—¢
TAN(¢) ~LN(CO0S(¢))
TAN(#)/COS(4) INV(COS(¢))
1/TAN(¢) LN(SIN(%))
1/TAN(8)x SIN(¢)) ~INV(SIN(¢})
TANH(¢) LN(COSH(9))
TANH(¢)/COSH(#) INV(COSH{#))
1/TANH(s) LN{SINH($))
1/TANH(a)x SINH(4)) —INV(SINH(¢))
NZi 2xp12 /3
1/ 2X\/P
1/(2x/($)) 2x/(#) %5
¢ (z symbolic) IFTE(:==—1,LN(¢),6*T1) /(2 +1))
$7 (= real, #£0,~1) $T) /(2 41)
° @

! LN(¢)

1/¢ LN(¢)
1/(1-¢2%) ATANH(¢)
1/(1+47) ATAN(9)
1/($%+1) ATAN(4)
1/ ((¢=1)x/(¢+1)) ACOSH(¢)
1/V/(1=¢%) ASIN(¢)
1/ /(1+4%) ASINH(¢)
1/ A 9% +1) ASINH($)
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tatistics and Data Analysis

Entering Statistical Data

Data can be accumulated on the HP 48 in two different kinds

of objects: arrays and lists. In general, lists are best-suited for
one-variable statistics, arrays for multi-variable statistics. Arrays may
only contain numerical data; lists may contain any kind of data.

The built-in STAT application always uses arrays—specifically, it uses
the data currently stored in the array variable named X DAT'.

However, to apply programmed statistical functions other than those
built into the STAT application, you may find lists are a more flexible
object type than arrays.

To enter siatistical data as a list:

1. Press («q)({3) to begin the list.

2. Type each datum followed by (SPC). Press after you've
typed the final datum.

3. Optional: Store the data list in a named variable in order to save
it for later use. Be careful not to store the list in an HP reserved
variable, such as YXDAT.

To enter statistical data directly into 2 DAT:

- to open the %

foun (Actually you may use any of tho
application mput forms.)

2. Optional: If there is already data in the Z field either delete
it (press {10 ) or save the data by storing it in a variable
(see next procedure) first and then deleting it.

3. With the highlight on the ¢ field, press E
MatrixWriter (you may need to press first).

STAT

to begin the

Statistics and Data Analysis 21-1
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[a

Enter the data. Use a separate row for each individual record and
a separate column for each variable within a record. For example,
a data set containing the height, weight, and age for each of 100
people, would be entered as 100 rows of three columns each.

Press when you've finished. The data matrix is now
temporarily stored in Y DAT;. To confirm that you want it btored
there, press 775 1o cancel the Whole operation, press I ;
to edit it fur ther, press

To store the array In T DAT in a different variable:

1.

2. Press

Pm<> @m O to open the &

5 s form. (Actually, you may use any of the STAT
apphcal ion input forms.} You should see the current statistics
matrix partially displayed in the ¥ field.

© to bring up the stack.

Enter a name for the matrix onto level 1 (using the ' delimiters),

and press |

Press to return to the %

To enter statistical data into a matrix:

Lo

. Press ()(MATRIX] to begin the MatrixWriter.

Enter the data. Use a separate row for each individual record and
a separate column for each variable within a record. For example,
a data set containing the height, weight, and age for each of 100
people, would be entered as 100 rows of three columns each.
Press when you've finished entering the data.

Enter a name for the data matrix onto level 1 of the stack, and

press (STO).

To designate a matrix the current statistics matrix:

. Press (@)ETAD)

. With the highlight on the Z:&Ts: field, press &

to open the ZIMGILE
i form. (Actually, you may use any of the STAT
apphcamon input forms.)

Optional: If there is already data in the ZBE7T: field either delete
it (press ik ) or save the data by storing it in a variable
first and then deleting it.

5 and use the
arrow keys to highlight the matrix you wish to make the current
statistics matrix.
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4. Press i to temporarily store the matrix in 5 DAT. To

confirm this action, press ¥ : to cancel the action, press
0F L. You may also use the matrix in the current input form
before pressing = it or TEHOL.

Example:  Enter the following data into a matrix and store it in the
variable, TEST. Then make TEST the current statistical
matrix. The data compares the undergraduate grade point
averages of 12 corporate employees with their scores on a
managerial trainee examination:

21{,

GPA Exam Score
2.2 76
2.4 89
3.1 83
2.5 79
3.5 91
3.6 95
2.5 82
2.0 69
2.2 66
2.6 75
2.7 80
3.3 88

Step 1: Open the MatrixWriter and enter the data (12 rows, 2

columns)
() (MATRIX)
2.2 (ENTER) 76 (ENTER) (V)

2.4 (ENTER) 89 (ENTER) 3.1
(ENTER) 83 (ENTER) 2.5 (ENTER)
79 (ENTER) 3.5 (ENTER) 91
(ENTER) 3.6 (ENTER) 95 (ENTER)
2.5 (ENTER) 82 (ENTER) 2.0
(ENTER) 69 (ENTER) 2.2 (ENTER)
66 (ENTER) 2.6 (ENTER) 75
(ENTER) 2.7 (ENTER) 80 (ENTER)
3.3 (ENTER) 88 (ENTER) (ENTER)
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Step 2:  Store the mafrix as TEST and open the STAT application.

() (@) (hold) TEST (release)
()(ETAT)  GE

s CINGLE-VARIAELE STRTISTICS B8
zont: [ - 1
TYPE: Sample

_MEAM  _STD DEY _YARIAMCE
ZTOTAL . MARIMUM _ MIKIFUH

EMTER STRTISTICAL DATA
Empfowons] | lcRNiL] OK |

Step 3: Choose TEST as the current statistical matrix (Y DAT).

HieE SINGLE-VARIRELE STATISTICS B8
zonT: [N cov 1
TYRE: Sample

_MERM  _STh DEY _ WARIAMIE
CTOTAL  _MARIMUM _ MIMIMUF

EMTER STATISTICAL DATH
EpiTjcHoo o1

joAHIL] OF |

Step 4: The TEST matrix overwrote any data stored in Y DAT
previously. Press Ik . to proceed or LHHLL to remove
TEST and restore the previous contents of ¥ DAT.

Editing Statistical Data

To edit an element in the current statistical matrix:

1. Press (®)(STAT) Gk . to open the & E
STATI "% form. (Actually, you may use any of the STAT

application input forms.)

2. Press T to bring the current statistical matrix into the
MatrixWriter.

3. Use the arrow keys to highlight the element to be changed, type in
its replacement, and press (ENTER]J.

4. Press to save the change and return to the STAT
application.

it
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To transform a column of the current statistical matrix

1.

Pres& @ (STAT) il to open the BIMGLE~VARIAR

& TI0% form. (Actually, you may use any of the STAT
&pphcatlon mput forms.)

0 o

2. Press CHLE - to copy the matrix to the stack.

3. Enter the number of the column you wish to transform.

4. Press S e to extract the designated
column from the matrlx

5. Press THPI F1IET to convert the data to
a list.

6. Perform the desired transformation on the data in the list. For
example, to perform the transformation z’ = 3inz, press (¢») 3
).

7. Press THEE to convert the list to an
array.

8. Enter the column number Wheie the mansformed variable 1s to be
placed and press METR o { .

9. Press (&9)(CONT) Tl to return to the STAT apphcatlon with 21
the transformed matrix.

To transform a row, use Fiibi= and R+ in steps 4 and 8.

To add a new column to the current statistical malbrix:

[ ]

IR AN

. Ple« @m 4 to open the

: form. (Actually, you may use any of the STAT
apphcatlon mput forms.)

Highlight the Z[:#7T: field.
Press "El:17 . This opens the MatrixWriter.
Move the hlghhght to the location of the new column.

Press . A column of zeros is inserted.

Press i'.'.;ii%v,a . You can now replace the zeros with data.
Press to return the modified matrix to the STAT
application.

To delete a column of the current statistical matrixe

. Press @m {17 to open the %

. Press

STHTIZTICS form. (Actually, you may use any of the STAT
apphc&mon input forms.)

Highlight the i field.

. This opens the MatrixWriter.
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4. Move the highlight to the column to be deleted.
5. Press =20tk . The column is deleted.
6. Press to return the modified matrix to the STAT

application.

To mathematically ransform the data in a list:

1. Put the data list onto the stack.

2. Perform the arithmetic necessary to transform each datum in the
list. For example, to perform the transformation, 2’ = 3lnx — 4,
press (2)(LN) 3 (X) 4 (). (Remember to use LIST AR
for list element addition instead of (1))

Calculating Single-Variable Statistics

If your statistical data measures a sample of a population, you
calculate sample statistics. If, however, your data measures the entire
population, you calculate population statistics.

The single-variable statistics built into the STAT application are:

Returns the arithmetic mean of the data in the
selected column.

T DEY Returns the standard deviation of the data in the
selected column. It computes the version of the
standard deviation indicated by the TYFE: field
(sample or population).

Returns the variance of the data in the selected
column. It computes the version of the variance
indicated by the T¥FE: field (sample or population).
Returns the sum of the data in the selected column.
Returns the value of the largest datum in the
selected column.

MIMIMLUM Returns the value of the smallest datum in the
selected column.
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To compute a statistic for one variable

. P

STATISTICE form.

Enter or choose the data matrix containing the data for the
varlable.

Highlight the i field and enter the number of the column
containing the data for the Vauablc

Select either Zasmy icrin the T
which version of the statlstic you need to compute.
Put check-marks in one or more of the statistic check-fields.
Press . A labeled result for each statistic is placed on the
stack.

to open the #

to indicate

To compute a statistic for all variables in the current data:

1.

Press (¢q)(STAT) <1 ¥#F  to display the single-variable statistics
command menu.

. Press the menu key correbpondmg to the statistic you wish to

compute. For example, press to compute all of the means
for each of the variables (columns) in the current statistics matrix.
The result is a vector whose elements are the means of each column
in the data matrix.

To compute a median for each variable in the current data:

. Type

. Press i

and press m (ENTER] to place a copy of the built-in
EXAMPLES duectow in the HOME directory.

SLeIF. The result is a vector
containing the medlans for each variable (column) in the current
statistics matrix.

To draw a bar plot of the data for a variable:

. Use the

f TIios form to select the
current statistics matrix and the column in that matrix containing
the data you WlSh to plot.

Press E to accept the choices and return to the stack.
. Press (&)(STAT) FLOT. EAEFL to draw the bar plot using

autoscaling (see 23 19 for more details.).
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Generating Frequencies

Many times, the most meaningful aspect of a data set is its
distribution. Frequencies and frequency distributions are a common
method for analyzing the distribution of a set of data.

Frequencies are created by dividing an interval {(often that between the
largest datum and the smallest) into an arbitrary number of equal
subintervals, or bins, the number of which is suggested by the data
and the precision with which one wants to study the distribution. The
diagram below illustrates this.

21 — —
W % g
)\,\ A A I N ,ch, |
é 15 l 2, | 47 53 635 97
| 19 | 39 | 5085 71| 100
0 20 40 60 80 100

To convert a data sel into a set of frequencies:

1. Press (2)(STAT)(¥) Gk to open the FREGUEMCIES form.

H=MIN: -5.3
BIN COUMT: 13 BIN WIDTH: ]

EMTER STATISTICAL DATH
EOIT joHmgsp ] Beece] ok |

The FREQUENCIES Screen

2. Enter or choose the data matrix containing the data into the
EDAT: field.
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3. Enter the column number where the data to be converted is
located.

4. Highlight the = i1 field and enter the minimum value that a
datum can be and still be considered to lie within a bin. All lower
values are considered outliers.

field.
field. Al bins

Enter the number of bins to use into the

6. Enter the width of each bin into the !
are of equal width.

. Press to perform the conversion. On level 2 of the stack,

you will see an array with integer elements, each one representing

the number of data points that fell into each bin (in order

from lowest to highest). On level 1 of the stack, you will see a

two-element vector displaying the number of outliers. The first

element represents the outliers below the lowest bin, and the second

[l

-1

element represents the outliers above the highest bin.

To plot a histogram using the frequencies:

1. Convert the data set into frequencies as in the previous procedure.
2. Press {«] to delete the outhel vector.

3. Press (@) STAT) |
TDAT.

4. Press («)(STAT)

to store the frequency data in

I to plot the frequencies.

Fitting a Model to a Set of Data

The HP 48 can use any of four general regression models in the
attempt to quantify the relationship between the data in two columns
from the current statistical matrix (¥ DAT'):

y=b+ma
y=b+minz

mx

y=>5be™" orlny=Inb+ma

y=bemorlny=Inb+minz

For each of these general models the regression tool will find an
intercept (#) and a slope (m) that corresponds to the least-squares fit
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for that model. It also computes and returns the covariance (sample
or population) and the correlation coefficient for the regression.

To perform a regression for two variables in the current data:

1. Press (@)STAD (WM (V) @k to open the FIT ATH form.

s-coL: 1 vecoL: 2
MOpEL: | irmear Fit

ENTER STHTISTICAL DATA
0T Jchoms] | PRED [RMiL] DK |

The FIT DATA Screen

[\

. Enter or choose the data matrix containing the data you wish to fit.

3. Enter the independent variable in - ¢ and the dependent
variable in Y-Z0L .

4. Choose one of the four regression models (or Bzgt Fit, which
automatically selects the model with the correlation coefficient with
the largest absolute value).

5. Press: 0E . You will see the computed regression model on

level 3, the correlation coefficient on level 2, and the covariance on

level 1.

To use the computed regression to predict the value of a variable:

1. Press (@)STAT)(¥)(¥) ©k  to open the F1I '+ form,

2. Enter or choose the data matrix containing the data you wish to fit.
3. Enter the independent variable in %~70L 2 and the dependent
variable in ¥-£0b 2,

4. Choose one of the four regression models (or £ Fit, which
automatically selects the model with the correlation coefficient with
the largest absolute value

. Press FEED form.

Enter the assumed value in elther the w3 or the i field.

7. Move the highlight, if necessary, to the variable field whose value

you wish to predict, and press FEED . The computed value is now
displayed in the field. Press EBI T to view the complete number.

<t

o
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To plot a scatterplot of the data and the regression curve:

1. Perform the regreqqion as described above.

2. Press (q)(STAT) *

auto-scaling (see page 23 20 for detalls)
3. After the plot is drawn, press &§THT
recent regression model on top of the data.

& to plot the data using

. to superimpose the most

Calculating Summary

Statistics

There are six summary statistics available that you may use to analyze

statistical peculiarities within a

data set or to compute statistics other

than those built into the STAT application.

ZDAT:

CALCULATE:

| EDIT [HOO:]
The SUMMAR

The six summary statistics are:

SUMMARY STATISTICS §
H-coL: i =il 2

IR EY _ZHE_ZY2 _EHY _MI

EWTER STATISTICAL DATH
B TR T

Y STATISTICS Screen

X Sum of the data in the of Y DAT.

XY Sum of the data in the ¥ of ¥ DAT.

XX2 Sum of the squares of the data in the
EDAT.

Y2 Sum of the squares of the data in the *
Y DAT.

XY Qum of the products of corresponding »
Ve data. Y DAT.

NX Number of rows in Y DAT.

To compute a summary statistic:

1. Press (#)(STAT) (&) oE

form.

to display the
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2. Enter or choose the data matrix containing the data with which
you are computing.

3. Enter the column numbers of the independent (¥
dependent (-l

i) and

.} variables.

4. Put a check-mark in each summary statistic that you wish to
compute.

Press - . Labeled results are placed on the stack.

<t

Using the “PAR Reserved Variable

The HP 48 uses a built-in statistics parameter variable named X PAR
to store the statistics parameters. ¥ PAR contains a list with the
following objects:

independent-col dependent-col intercept slope model

21 To view the current settings in U PAR:

& Do one of the following:

o Press (&9)(STAT)

below.

. The default settings are shown

RAD

{ HOME }

weals 1

Yeal: 2

Intercept: B8

Slope:

Model: LINFIT

| ucol ] oo [HBGL ] ZPAR [RESET] INED |

0 Press (&) (STAT) EZFHE y to show the list form.
The default list 1s < K

You normally control the parameters automatically using the STAT
application. Because Y PAR is a variable, you can have a different
S PAR in every directory.
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Using the PLOT Application

The PLOT application lets you draw graphs of one or more functions
in various formats, calculate roots and other parameters, plot
statistical data in various formats, and embellish plots with additional
elements.

The HP 48 can plot an equation, expression, or, for some plot types, a
program:

m Equation. An equation is an algebraic object containing = (for
example, 'H+E=i’

m Expression. An expression is an algebraic object not containing =
(for example, *F+E"),

m Program. A program to be plotted must return one real number (or
a complex number for PARAMETRIC plots).

Throughout this chapter, unless otherwise stated, the term “equation”
refers to all objects used to create plots: equations, expressions,
programs, and lists of equations, expressions, and programs.

Plots are always drawn on the graphics object currently stored in the
reserved variable PICT. To view the “picture” currently stored in

PICT, you may press (49)(PICTURE).

To plot a single expression:
1. Press (»)(PLOT) to open the PLOT application. You will the see

the main FL.OT screen showing the current plot type in T¥FE: and
the current equation in E&: (if any). (The three statistical plot
types (Scatter, Bar, and Histogram) use the 3 ¢ field instead of

the Eiir))
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TPE: Fumction < D
EQ:
IMDER: ¥ H-VIEW: -6, 5 6.5

_AUTOSCALE Y-VIEW:~3.1 .2

EMTER FUMCTIOMOSY TO PLOT
eniT JcHons] - [oRTE]

The Default PLOT Screen

2. If necessary, press (&) and change the plot type, by doing any one of
the following:
m Press repeatedly until the desired choice appears in the field.
® Press i ., highlight the desired choice in the choose list and

press ©HH L

m Press (@) followed by the first letter of the desired choice. You
may need to repeat this step one or more times for plot types
that share the same starting letter with others (e.g. Polar,
Parametric, Pr-Surface, Ps-Contour).

3. Enter new values (or accept the current values) for the various
plotting parameters available for the selected plot type. Chapter
23, “Plot Types,” discusses each of the 15 available plot types and
the plotting parameters and display options in greater detail. Most
plot types have a second screen, accessed by pressing OFTE  that
contains display options for the plot type.

4. Once all values, parameters, and options have been set, do one of
the following:

m Press EEHEE Fi to “erase” PICT of any picture it
contained previously and draw the plot according to the
specifications you've set. You will see the plot being drawn and
have access to it after the drawing is complete. Chapter 22,
“Plotting” discusses the kinds of analysis and embellishments you
can do to a plot after it has been drawn.

® Press [iE&H to draw the plot superimposed on the previous
picture in PICT.

m Press [l to save the settings and options and return
to the stack without drawing the plot.

m Press CRMEL (or (CANCL)) to restore the settings and
options in place before you made any changes and return to the
stack without drawing the plot.
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To plot a single equation:

1. Use the same general procedure as for plotting an expression,

but make note of the following differences when the plot type is

Funot iom:

m For equations whose left-hand side consists only of the name of
the dependent variable (such as y = 42? — 72 + 29), only the
right-hand side expression is plotted.

® For equations whose left-hand side consists of some expression
other than the name of the dependent variable (such as
sinz = cos x), the left-hand and right-hand expressions are both
plotted.

To plot & group of expressions or eguations:
1. Press (){(PLOT]) to open the PLOT application.

2. Do one of the following to enter a list of the expressions or
equations Into the £ty field.

e If all of the expressions or equations are stored in variables, press
CHOME, move the arrow keys to highlight each expression or
equation in turn, and press wIHE  to select it. Return a list of
all checked equations to Efit by pressing = ik

g Type ()({3) to begin a list and then type each expression or
equation in as an element of the list. Press to enter the
list into Eiti.

g Combine the previous two approaches by selecting those
expressions and equations that are stored in variables into a list

using i, entering it into E&#, and then editing the list
using . You may add, insert or modify equations in the
list.

Note that each expression or equation in the group must be
appropriate for the given plot type (see chapter 23 for details).
Also, when equations (containing the = sign) are included in a list
to be plotted using the Furt iom plot type, only the right-hand
side expressions of each equation is plotted. The left-hand side
expressions are ignored. You may wish to rearrange some equations
so that they are expressions (or equations whose left-hand side is
zero).

3. Enter values for the plotting parameters and display options, if
necessary.
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4. For Function, Polar, and Parametric plot types, put a check-mark
in the SIMULT field (on the FLOT OFTIOMS screen) if you want
the plots of all expressions and equations in the list to be drawn
simultaneously. If this field is left unchecked, then the plots will be
drawn sequentially (as they always are for other plot types).

5. Press ERAEE DEAM (or just EAW if you don’t want to erase
the previous plot or picture).

Cursor Coordinates: Standard and TRACE
Modes

To display the current cursor coordinates:

@ While viewing the plot, press ##s % 2 to hide the menu and display
the coordinate values (in user-units) of the current cursor position.
Press to redisplay the menu and cancel the coordinates
display.

Whenever a plot is drawn—either originally or as a part of a zoom
operation—the cursor begins in standard graphics mode. In standard
mode, pressing (<), (), (&), or (V) causes the cursor to move in the
indicated direction without regard to the current plot. In standard
mode, the horizontal and vertical “centers” of the pixel currently

at the intersection of the crosshairs are reported as the current
coordinates.

Some plot types also offer TRACE mode as an alternative mode of
cursor movement. In TRACE mode, the cursor jumps from plotted
point to plotted point along the function, instead of along pixel rows
and columns. TEHUE will appear in the menu if the current plot type
uses TRACE mode.

To turn TRACE mode on and off:

e While viewing the plot, press TH
The = 1s displayed in the menu label whenever TRACE is on. Press
TEACa to turn off TRACE mode. Note that executing a zoom or
other function that redraws the graph will automatically turn off
TRACE mode, as well.
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For ¥ - and Far; = plot types, TRACE mode
redefines the arrow Leys (@) and (®) move the cursor backwards and
forwards along the plot of the Cuuem equation. If multiple functions
are plotted, then (&) and (¥) “jump” the cursor between the different
functions. You may press % while TRACE mode is on in order
to display the coordinates of points on the graph.

Keyboard Operations in the PICTURE
Environment

The PICTURE environment redefines the keyboard so that only a few
keys are active. Those that are active are described in the table below:

Key Description

Menu Keys | Behave as they always do—executing the operation
indicated in the corresponding menu label.

NXT Displays the next menu page.

(=) (®) (&) (Y] | Move the cursor in the indicated direction. When
TRACE mode is on, the cursor movement is
constrained according to the content and type of plot
(see chapter 23 for more details).

(«)(PICTURE) | Toggles the scrolling mode on and off. Scrolling
mode hides the menu and the cursor and, if PICT is
larger than the display allows you to scroll around
using the cursor keys.

(«)(CLEAR) | Erase the picture. It is a shortcut for

()(VIEW) Displays the current equation while the key is held
down. If TRACE mode is on, it displays the function
which is currently being traced.

Plotting 22-5

22



- 22

Description

E Erases the rectangular region defined by the cursor
and the mark. It is a shorteut for "ERLT (NXT

LEL
TO Places a copy of the current picture on the stack as a

graphi T (NXT

NXT ) § .
(ENTER) Enters the current coordinates of the cursor onto the
stack as a complex number. It is a shortcut for
Returns to the display from which the PICTURE

environment was entered.

3 @
-l
ey

Sets the mark at the current location of the cursor.
It is a shorteut for BT T (NXT + . The mark
is used to delineate one endpoint of a range. After
setting a mark, the cursor may then move and
delineate the other endpoint.

=l Toggles the menu labels off and on, showing that
portion of the plot that i1s hidden by the labels. It is

a shortcut for MEHLE .

Toggles the cursor coordinates display on and off. It

1s the same as ¢ ¥

+/— Switches the cursor appearance. The cursor is either
always dark (default) or is dark against a light
background and light against a dark background.

Using Zoom Operations

The zoom operations in the PICTURE environment let you look at a
particular region of the plot in more detail (by zooming in) or lock at
more of the plot than is currently displayed (by zooming out).

A zoom, or zoom operation, redraws the current plot by computing
new display parameters. Zooms are a shortcut for the process of
returning to the PLOT application, changing the values of the display
parameters, and redrawing the plot. Note that not all plot types make
use of zoom.
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Setting Zoom Defaults

Several of the zoom operations make use of the current zoom factor
and recenter option settings, which you can control.

To set the zoom factors:

= form.

1. Press - Z010#H ZFEBLT to open the &1

TPE: Polar
E:
IMDEP: ¥ H-VIEW: —5.9 &.5

_AUTOSCALE v-viIEW:-2,1 3.2

ENTER FUNCTION(SI TO PLOT
EDIT [EHODE o ] OPT: [ERWZE[BRAL]

The 200M FACTORS Screen

e . . . 22
2. Enter the multiplicative factors for the horizontal and vertical axes

that you want Zoom In and Zoom Out (and a few other zooms) to
use. Note that Zoom Out multiplies the scale by the factor while
Zoom In divides the scale by the factor.

3. Set the recenter option that you want zooms to use. Leaving the

E ITER AT CROSSHAIES field unchecked causes the after-zoom
dlsplm to be centered at the same point as the before-zoom display.
Putting a check-mark in the field causes the after-zoom display
to be centered around the point where the crosshairs cursor was
located when the zoom was executed.

4. Press

Selecting a Zoom

To perform a zoom:

1. While viewing the plot, move the cursor to the desired spot (if
necessary for the zoom you wish to use), and press Z0li .
2. Select the zoom you want (see below for details about each).

Zoom-to-Box. Allows you to draw a box around
the region of interest and then zoom so that the
boxed-in region fills the display. Move the cursor to
one corner of the region before selecting this zoom.
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Zoom-In. Decreases both horizontal and vertical
scales by the current zoom factors.
Zoom-Out. Increases both horizontal and vertical
scales by the current zoom factors.
Zoom-to-Square. Changes the vertical scale so that
it matches the horizontal scale.
Zoom-to-Default. Redisplays the plot using the
built-in default display ranges. Ignores the recenter
option.
Horizontal Zoom-In. Decreases the horizontal scale
by the current zoom factor without affecting the
vertical scale.
Horizontal Zoom-Out. Increases the horizontal scale
by the current zoom factor without affecting the
vertical scale.
Vertical Zoom-In. Decreases the vertical scale by the
current zoom factor without affecting the horizontal
scale.
Vertical Zoom-Out. Increases the vertical scale by
the current factor without affecting the horizontal
scale.
Recenter-on-Cursor. Redisplays the plot around
the point where the crosshairs cursor was located

= is pressed. Overrides default recenter

when
option.
Autoscale Zoom. Rescales the vertical axis using the
built-in autoscaling computation without affecting
the horizontal scale.

Decimal Zoom. Rescales the horizontal axis so that
each pixel equals exactly 0.1 units. Does not affect
the vertical axis.

Integer Zoom. Rescales the horizontal axis so that
each pixel equals exactly 1 unit. Does not affect the
vertical axis.

Trigonometric Zoom. Rescales the horizontal axis

so that 10 pixels equals £ units and rescales the
vertical axis so that evergi 10 pixels equals one unit.
Zoom-to-Last. Redraws the display as it was prior to
the most recent zoom. Ignores the recenter option.



Analyzing Functions

The PICTURE FCN menu lets you analyze the mathematical
behavior of plotted functions. You use the graphics cursor to indicate
the region or point of interest on the graph, then execute the desired
calculation from the menu. You can calculate function values, slopes,
areas under curves, roots, extrema and other critical points, and
intersections of two curves. You can also }i;lot derivatives of plotted
functions.

To do function analysis, the current plot type must be Furot ion.
In addition, F'() must contain an equation, expression, or a list of
equations or expressions—it cannot contain a program.

If £Q is a list of expressions, FCN menu operations use only the first
(or first and second) element(s) of the list. The i operation is

used to rotate the elements of the list so that different expressions are
“first” and “second.”

To analyze a plotted function:

1. While viewing the plot, press = FiH

2. Press (&) (V) (@) () to move the cursor to the point you want to
analyze. (For certain operations, the cursor merely needs to be near
the point.)

3. Press the menu key for the function analysis operation you want.
See the table below.

4. Press F17T (in the second page of the FCN menu) to return to
the main PICTURE menu.

When you perform a function analysis operation, the HP 48 does the
following:

m Moves the cursor to the corresponding point on the function (if that
point is in the display).

m Displays a message in the lower-left corner of the display showing
the result.

m Returns the result to the stack as a tagged object.

Plotting 22-9
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The PICTURE FCN Menu

|

Description

(in the PICTURE menu}:

Root. Moves the cursor to a root (intersection of the
function and the z-axis) and displays the value of the
root. If the root is not in the display window, briefly
displays the message 0FF before displaying

the value of the root. If there are multiple roots, the

root-finder usually finds the root closest to the current
cursor location. For an equation, it searches for a root

of the expression on the right side of the equation.

Intersection. If only one function is plotted, moves the
cursor to a root {same as ‘BT ). If two or more
functions are plotted, moves the cursor to the closest
intersection of two functions and displays the (z,y)
coordinates. If the closest intersection is not in the
display window, briefly displays the message {FF
ZUEEEH before displaying the coordinates of the
intersection.

Slope. Calculates and displays the slope of the function
at the z-value of the cursor, and moves the cursor to
the point on the function where the slope was
calculated.

Area. Calculates and displays the area beneath the
curve between two z-values defined by the mark and
cursor. (Before you execute this operation, press to
mark one end of the z interval, then move the cursor
to the other end.)

Shade. If only one function is plotted, shades the
region between the z-values defined by the mark and
the cursor, between the function and the z-axis. If
there are two functions plotted, shades the region
between the two functions, and between the z-values
defined by the mark and the cursor.
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The PICTURE FCN Menu (continued)

Description

Extremmum. Moves the cursor to an extremum (local
minimum or maximum) or other critical point and
displays the (z,y) coordinates. If the closest extremum
or inflection point is not in the display window, briefly
displays the message s before displaying
the value.

Function Value. Displays the function value at the
current z-value of the cursor, and moves the cursor to
that point on the function curve.

Derivative Plot. Plots the first derivative of the
function and replots the original function. Also adds
the symbolic expression for the first derivative to the
contents of EQ. (If FQ is a list, F* adds the expression
to the front of the list. If EQ is not a list, F' creates a
list and inserts the expression to the front of the list.)

Tangent Line. Draws the line tangent to the current
function at the z-value represented by the cursor. It
returns the equation of the tangent line to the stack.
Next Equation. Rotates the list in F@Q and displays
the equation now at the beginning of the list. (The
second equation is moved to the beginning of the list
and the first equation is moved to the end.)

View Equation. Displays currently selected equation
from EQ or EQ hist.

Picture. Displays the PICTURE menu.

Plotting 22-11
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Understanding the PLOT Reserved Variables

The PLOT application makes it easy to declare the plot and display
ranges, the scale and resolution of the plots, and various other
characteristics of the plot.

All of the information about a plot is antomatically stored in a small
set of reserved variables that you have direct access to if you wish.
Because they are variables, stored in directories, you can have a
different version of these reserved variables in every directory.

EQ

EQ contains the current equation or the name of the variable
containing the current equation.

Specifically, the “equation” that EQ contains can be any of the
following for the PLOT application:

® A single algebraic object or a name containing a single algebraic.

m A real number (or a complex number for the Parametric plot type)
or a name containing a real number.

® A program that takes nothing from the stack and yields exactly one
real (or complex for the Parametric plot type) result or a name
containing such a program.

m A list containing any combination of the preceding three possibilities
or the name of such a list. Although all elements are plotted, the
first element of the list is always considered to be the “current”
equation.

YDAT

Y DAT contains the current statistical matrix or the name of the
current statistical matrix. It is used instead of £Q by the three
statistical plot types—Scatter, Bar, and Histogram.
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ZPAR

ZPAR stores zoom information: the horizontal and vertical scale
factors, a recenter flag, and (sometlmes) a copy of PPAR to be used
by the Zoom-to-Last (&1 operation. ZPAR contains a list with
the following objects:

S

h-factor v-factor center-flag % previous PPAR (if any)

PPAR

The HP 48 uses a built-in plot parameter variable named PPAR
to store the plotting parameters. You normally Contxol the plot
parameters using commands in the FLO

PPAR contains a list with the following objects:

and i

{Tmin: Ymin? LTmax: Umax: Indep res axes plype depend

Plotting 22-13
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Contents of the PPAR List

Element

Description

Default

(477min » ymin)

(1:11’18,){1 ymax)

indep

res

ares

plype
depend

A complex number representing the
coordinates of the lower left corner of
the display range.

A complex number representing the
coordinates of the upper right corner of
the display range.

Independent variable. The name of the
variable, or a list containing the name
and two real numbers (the horizontal
plotting range).

Resolution. For equations, a real number
or binary integer representing the
interval between plotted points. For
statistical data, the meaning varies.

A complex number representing the
coordinates of the axes intersection, or a
list containing the intersection and labels
(strings) for both axes. The Diff Eq plot
type uses this element in a special way
(see page 23-11). This element can also
contain information about the
tick-spacing for each axis.

Command name specifying the plot type.
Dependent variable. The name of the
variable, or a list containing the name
and two real numbers (the vertical
plotting range). The Diff Eq plot type
uses this element in a special way (see
chapter 23).

(—6.5,—3.1)

X

0 (points
plotted in
every pixel
column)

(0,0)

FUNCTION
Y

To reset PPAR to its default:

s Press (@)D

T operation resets all

parameters in PPAR to theu default states—except the plot type—
and erases P/CT and restores it to its default size.
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VPAR

VPAR contains the current settings that determine the View Volume,
eyepoint, and plotting density for the six plot types for functions
of two variables. See page 23-22 for a full explanation of how its
parameters relate to the plot display.

VPAR is a list of real numbers:

£ Xiert Xright Yinear Year Ziow Zhigh XX st AXXright YV etr YYright
Xveyept Yeyept Zeyept Nx Ny =

Contents of the VPAR List

Element Description Default
Xlert The smallest output (View Volume) -1
value for the z-axis (width) to be
plotted.
X right The largest output (View Volume) value 1
" |for the z-axis (width) to be plotted.
Y near The smallest output (View Volume) -1
value for the y-axis (depth) to be
plotted.
Y tar The largest output (View Volume) value 1
for the y-axis (depth) to be plotted.
Ziow The smallest output {View Volume) -1
value for the z-axis (height) to be
plotted.
Zrigh The largest output (View Volume) value 1
for the z-axis (height) to be plotted.
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Contents of the VPAR List (continued)

Element Description Default
XX jert The smallest value for the horizontal -1
axis of the input plane.
XX vight The largest value for the horizontal axis 1
of the input plane.
Y'Y et The smallest value for the vertical axis -1
of the input plane.
Y'Y right The largest value for the vertical axis of 1
the input plane.
Neyept The z-axis coordinate for the eyepoint. 0
Y eyept The y-axis coordinate for the eyepoint. -3

It must always be at least one less than
the Y ear value.
Z eyept The z-axis coordinate for the eyepoint. 0

Nx The number of columns in the plotted 10
lattice. Used instead of or in
combination with the res element of
PPAR.

Ny The number of rows in the plotted 8
lattice. Used instead of or in
combination with the res element of

PPAR.

YPAR

Y PAR is used in conjunction with ¥ DAT by the statistics plot types.
It contains either the current statistical parameter list or the name of
the variable containing this list. See page 21-12 for an explanation of
this reserved variable.
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lot Types

Function Plots

The Function plot type plots equations that return a unique f(x) for
each value of z. It is the default plot type and the only plot type that
can use the PICTURE FCN analysis tools (see chapter 22).

The Default FUNCTION Plot Screens

; PLOT
™re: Function i e
B

IMOER: 3 H-MEH: ~5,. D B. D
_RUTOSCALE V-MIEW: -3, 1 3.2

ENTER FUNCTION(S) TO PLOT
EDT [cHODZ[ ] OPT: [ERRSE[DRAK]

PLOT OPTIONS
moer: B Lo: DF 1t

¥ RYRES o COMMECT
STER: DF 14 _PIRELS
H-TICK: 18 v-TiCK: 18 #PIRELS

ENTER INDEPEMDENT YAR WAME
[Et] [ [ [RNCL] O |

— SIMULT

The Function PLOT Form

Shows the current angle mode. Change it by pressing

one or more times or by using LHOE.

Enter the current expression, equation, or program

to be plotted. It may contain a list of expressions,

equations, or programs if you are plotting multiple

functions. Names of variables containing expressions,

equations, or programs (or lists of these) may be used

in place of the objects themselves.

Fnter the name of the independent variable.

Enter the horizontal display range in the two fields,

low endpoint in the left and high endpoint in the

right. To enter computed endpoints, use

DRALT (see page 24-6).

-y TR Enter the vertical display range in the two fields, low
endpoint in the left and high endpoint in the right.

Plot Types 23-1
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To enter computed endpoints, use
page 24-6).

When checked the vertical display range is
automatically scaled based on sampling 40 values
equally spaced across the horizontal display range.
When left unchecked the vertical display range is
determined by the values entered in the two fields
labeled %\ TEW.

Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).
Stores all of the values in their appropriate places in
the reserved variables, F@) and PPAR, and draws
the plot accordingly, leaving you in the PICTURE
environment when finished.

i (see

The Function PLOT OPTIONS Form

THE

Enter the name of the independent variable, if

necessary.
Enter the smallest value of the independent variable
that you want plotted. Plotting range can be
different than display range (see page 24-3). To use
a computed endpoint, use " (see page
24-6).

His Enter the largest value of the independent variable

that you want plotied. Plotting range can be
different than display range (see page 24-3). To use
a computed endpoint, use AL (see page
24-6).

When checked (default), the coordinate axes are
drawn along with the plot. When unchecked, the axes
are not drawn.

COMMECT When checked (default), the plotted points are
connected by short line segments. When unchecked,
only the plotted points are displayed.

When checked, multiple functions are plotted
simultaneously—a point is plotted for each function
at a given sample value before moving to the next
sample value. When unchecked (default), multiple
functions are plotted sequentially—all points are
plotted for the first function before the first point is
plotted for the second function, and so forth.
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This determines the resolution of the plot. It is the

horizontal distance (in units or pixels—see next

field) between two plotted points. Larger step-sizes

provide speedier plots, but show less detail, while

smaller step-sizes provide more detail, but take longer

to draw. The default step-size for F ioris 0.1

units.

When checked, the step-size is interpreted to represent

pixels. When unchecked (default) the step-size is

interpreted to represent units.

HeT IO Enter the tick-spacing that you want displayed on the
horizontal axis. It can be determined either in pixels
or units depending on the state of its ¥
(see below). The default is one tick-mark every 10
pixels.

T IO Enter the tick-spacing that you want displayed on the
vertical axis. It can be determined either in pixels or

units depending on the state of its F % field (see 23

below). The default is one tick-mark every 10 pixels.

When checked (default), the tick-spacing in H-TICE

and ¥-TI0E is interpreted to represent pixels. When

unchecked, the tick-spacing is interpreted to represent
units.

TRACE Mode

m («€) and (®) move the cursor along the plot of the current function.
w (A) and (V) jump the cursor between functions when multiple
functions are plotted.

Special Notes

m Algebraic expressions in Efi: may contain any number of variables.
However, all variables except the independent variable must evaluate
to a real number in order for Eii: to be plotted. Otherwise, you will

get the Urmddsf irgd Hame erTor message.

Example: Display the function example plot, XSIN: & +sinz. If
necessary, type in TER{H to install the EXAMPLES
directory and then:
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Press

g

,

2001 ] e [TRACE] FOM [ EDIT JonmL |

After plotting, press (CANCEL) (r#)(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.

Polar Plots

The Polar plot type plots functions described according to the polar
coordinate system f(#). The independent variable is the polar angle,

6.

The Default POLAR Plot Screens

weE: Folar

ECu
IMDER: % H-VIEW: 5,5 5,5
3.2

_AUTOSCALE U-YIEM: —3, 1

ENTER FUMCTIONGS) TO PLOT
EDIT [cHOOS[ - | OPT [ERASE[DRAM]

The Polar PLOT Form

23

PLOT DFTIONS
IMDER: BB LD: HI
¥ ANES ¢ COMMECT  _SIMULT
STER: DF 11 _PIELS

H-TiCK: 1@ v-TICK: 18 #PIRELS

ENTER IMDEPENDENT YRR MAME
Enr] 1 ] [tAMiL] ok

Shows the current angle mode. Change it by pressing

one or more times or by using {H
Enter the expression, equation, or program to be

plotted.

Enter the name of the independent variable. Note

that the commonly used polar variable, 8, is entered

by pressing (&){g»}F.

Enter the horizontal display range in the two fields,

low endpoint in the left and high endpoint in the

right.
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Enter the vertical display range in the two fields, low
endpoint in the left and high endpoint 1n the right.
When checked the vertical display range is

automatically scaled based on sampling 40 values
equally spaced across the horizontal display range.
Note that because the HP 48 computes an appropriate
z- and y-axis display range based on the f-range, the
resulting »- and y-axis scales may differ from one
another. When this field is left unchecked the vertical
display range is determined by the values entered in
the two fields labeled %
Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).
Stores all of the values in their appropriate places in
the reserved variables, F() and PPAR, and draws
the plot accordingly, leaving you in the PICTURE
environment when finished.

The Polar PLOT OPTIONS Form

Enter the name of the independent variable.

Enter the smallest value of the independent variable
that you want plotled. For Polar plots, the plotting
range is different than display range.

Enter the largest value of the independent variable
that you want plotied. Plotting range is always
different than display range for polar plots because
the independent variable is distinct from the
horizontal-axis variable.
See the Function plot type.
See the Function plot type.
See the Function plot type.
This determines the resolulion of the plot. It is the
interval between two plotted points. The default

i is 2 degrees or 7/90 radians.
Leave unchecked for polar plots.
See the Function plot type.

step-size for ¥u

See the Function plot type.
See the Function plot type.
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TRACE Mode

= () and () move the cursor along the plot of the current function.
(«) moves the cursor to the next lower value of the independent
variable and () moves the cursor to the next higher value of the
independent variable. This may result in directional movement
counter to the “direction”™ implied by the arrow keys. A polar plot
can be traced through the range § > 0, so you will be able to press
(®] indefinitely in TRACE mode, even beyond the plotted interval.

u (&) and (¥} jump the cursor between polar functions when multiple
functions are plotted.

Special Notes

m Unless you specify otherwise, polar plots are drawn for a full circle
of the independent variable 8 (0 through 360 degrees, 27 radians, or
400 grads, according to the current angle mode).

Example:  Display the polar example plot, ROSE: » = 2cos48. If
necessary, type in TEATH to install the EXAMPLES
directory and then:

Press £

L

oo v TRACEL [ E0IT

After plotting, press (CANCEL) {»){PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.
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Parametric Plots

The Default PARAMETRIC Plot Screens

PLOT (8(T), ¥(TX)

T'n'PE Parametric & De
B

IHDER: H-VIEW: -5, 5 &. 0
_AUTOSCALE V-VIEWE -3, 1 3,2

EMTER COMPLER-VALUED FUMC(S)
EpiT [cHOns] [ OPTE [ERRSE]

FLOT DFTIONS

impEr: B Lo DF 1t BeD¥ 1t
o HBES o COMMECT  _ SIMULT
STER: Df 14 _PIELS

H-TICK: 18 w-Tick: 18 #PIRELS

EMTER INDEPEMDEMT VAR MAME
ST e e T T B

The Parametric PLOT Form

s Shows the current angle mode. Change it bv pressing
one or more times or by using . :
Enter the expression, equation, or program to be
plotted. The Parametric plot type requires that a
compler number result be returned when EQ is
evaluated (see Special Notes below). FQ may contain
a list of expressions, equations, or programs if you
are plotting multiple functions. Names of variables
containing expressions, equations, or programs (or
lists of these) may be used in place of the objects
themselves.
Enter the name of the independent variable
{commonly T).
Enter the horizontal display range in the two fields,
low endpoint in the left and high endpoint in the
right.
Enter the vertical display range in the two fields, low
endpoint in the left and high endpoint in the right.
When checked the vertical display range is
automatically scaled based on sampling 40 values
equally spaced across the horizontal display range.
When left unchecked the vertical display range is
determined by the values entered in the two fields
labeled %% TEH,
Opens the PLOT OPTIONS form.
Erases the PICT screen (without displaying it).
Stores all of the values in their appropriate places in
the reserved variables, FQ and PPAR, and draws
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The Parametric

TRACE Mode

the plot accordingly, leaving you in the PICTURE
environment when finished.

PLOT OPTIONS Form

Enter the name of the independent variable.

Enter the smallest value of the independent variable
that you want plotied. Plotting range for Parametric
plots are usually different than display range (see page
24-3).

Enter the largest value of the independent variable
that you want plotted. Plotting range can be different
than display range (see page 24-3).

See the Function plot type.

See the Function plot type.

See the Function plot type.

This determines the resolution of the plot. It is the
horizontal distance {in units or pixels—see next field)
between two plotted points. The default step-size

for ; v i is an interval equal to ﬁ%th of the
difference between the L1 and HI&H values in the
plotting range (in units).

When checked, the step-size is interpreted to represent
pixels. When unchecked (default) the step-size is
interpreted to represent units.

See the Function plot type.

See the Function plot type.

See the Function plot type.

s () and (B) move the cursor along the plot of the current function.

() moves the

cursor to the next lower value of the independent

variable and () moves the cursor to the next higher value of the

independent v
counter to the

ariable. This may result in directional movement
“direction” implied by the arrow keys. A parametric

plot can be traced through an unlimited range of the independent
variable so you will be able to press () or () indefinitely in
TRACE mode, even beyond the plotted interval.

e (4) and (V) jump the cursor between functions when multiple
functions are plotted.
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Special Notes

m Algebraic expressions should be entered in complex form, *<f
where F and i are each expressions involving the independent
variable.

m Programs should take nothing from the stack and return one
complex number result.

Examples

Examuple 1: Display the parametric example plot, LISSA:
(1) = 3sin3t, y(t) = 2sin 4¢. If necessary, type in T
to install the EXAMPLES directory then:

VAR

200t fesvaJTRacE] - ] EniT

After plotting, press (CANCEL) ((#)(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.

Example 2: Do the two particles described below parametrically
actually collide between ¢t = 0 and ¢t = 6.5 or do their
path traces merely cross?

Part@cle 1:x(t) = %6 - %1‘, y(z‘) =4t - 5.
Particle 2: x(t) = 2sin §t, y(t) = =3 cos Tt.

Step 1: In the Parametric PLOT form, enter a list containing the

two parametric expressions into

R

Plot Types 23-9



Step 2:  Set the independent variable, the display and plotting ranges,
simultaneous plotting, and the tick-spacing as shown.

FLOT OPTIONS
MpoER: T LD: G HES,S
+ AHES ¥ COMMECT o SIMULT

STEP: Df 11 _PIMELS
H-TICK: ] W-TICk: 1 !PIHELS

TICE. SPACIMG UKWITZ AKE PIKELZY

[ [ becHR] o [URNOL] DR

Step 3: FErase PICT and draw the plot. Watch to see if the two plots
turn on the same pixel at the same time—a possible collision.

23

oy
-

znom oo [TRacEl ] EMT

Step 4: After watching the plot, you suspect that the point (0,3) is a
likely collision spot. Turn on TRACE and the coordinates
viewer and move the cursor over to the suspected point.
Note that it occurs at ¢ = 2, which after substituting back
into the original equations prove that there is a collision.

TRADE O3

necessary

25 () as
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Differential Equation Plots

Differential equation plotting is covered in detail in chapter 19. For
an additional example of a differential equatlon plot install
necessary ), and then press [Ex#HM. F

A
-y

Special Notes

s The Diff Eq plot type uses the azes element of PPAR in a special
way. It expects the two strings that normally contain axis-labels
to each contain an integer. The integers indicate which solution
component to plot on each axis {“0” indicates the independent
variable, “1” indicates the first (or only) solution component,

“2" indicates the second solution component (for a vector-valued
solution), and so forth.

Conic Plots

The equation for a conic section is second degree or less in both z and
y. For example, the following equations are all valid equations for
plotting conic sections:

22+ +4x+2y—5=0 (circle)

5&?2 +3y* —18=0 (ellipse)
P4z +3y+ Q =0 {parabola)
-3y +3y—5=90 {(hyperbola)

Plot Types 23-11
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H-VIEW: ~5,.5 6.5
V-YIEW: ~3,1 3.2

ENTER FUNCTIOM(S) 7O FLOT
EOIT JoHoo:[  [oPTs [ERAze[oRnb]

The Default CONIC Plot Screens

3 = PLOT OPTION
moer: B LO: DF 1L W
¥ ARES o COMMECT  DEPMD: %'
STEP: D11 _ PIELS

H-TICK: 1@ v-TICK: 18 «#PINELS

EMTER INDEPEMDEMT VAR NAME
penr ] L ] PANGL] DR

=

The Conic PLOT Form

Shows the current angle mode. Change it by pressing
one or more times or by using GHIE.
Enter the expression, equation, or program to be
plotted.

Enter the name of the independent variable.

Enter the horizontal display range in the two fields,
low endpoint in the left and high endpoint in the
right.

Enter the vertical display range in the two fields, low
endpoint in the left and high endpoint in the right.
Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).
Stores all of the values in their appropriate places in
the reserved variables, EQ and PPAR, and draws
the plot accordingly, leaving you in the PICTURE
environment when finished.

The Conic PLOT OPTIONS Form

Enter the name of the independent variable.

Enter the smallest value of the independent variable
that you want plotted.

Enter the largest value of the independent variable
that you want plotted. Plotting range can be different
than display range (see page 24-3).

See the Function plot type.

See the Function plot type.

Enter the dependent (or second independent) variable.
This determines the resolution of the plot. It is the
horizontal distance (in units or pixels—see next field)
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between two plotted points. The default step-size for
is an interval equal to 1 pixel.

When checked, the step-size is interpreted to represent
pixels. When unchecked (default) the step-size is
interpreted to represent units.

See the Function plot type.

See the Function plot type.

See the Function plot type.

Special Notes

m For conic plots, the HP 48 actually plots the two branches of
the conic section separately. This may introduce one or two
discontinuities in the connected graph. Specifying a smaller step size
(decreasing the interval between plotted points) helps eliminate
visual discontinuities.

m If flag -1 (Principal Values) is set, the Conic plot will only display
its principal branch (half of the plot). Clear flag -1 and redraw to
plot the entire conic section.

® Fquations that are higher than second-order in the independent
or dependent variable are converted to their second-order Taylor
approximations before being plotted.

® Conic is a useful plot type for plotting systems of equations
involving two variables where none of the equations are higher than
second order in either variable (see Example 2 in “Truth Plots™ for
a sample application).

Example: Display the conic example plot, ELLIP:
522 4+ 3y* — 18 = 0. If necessary, type in
the EXAMPLES directory then:

to install

VAR

()

oM fencenf |

v
| [ EneT [N

After plotting, press (CANCEL) (;2)(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.

Plot Types 23-13
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Truth Plots

Truth plots evaluate expressions that return true (any nonzero real
number) or false (0) results. At the coordinates for each pixel, the
pixel is turned on if the expression is true—it’s unchanged if the
expression is false.

The Default TRUTH Plot Screens

PLOT OFTIONS 3 #
iper: B Lo: DF 1Y HEDE 1L
DEPNE:Y LB Df 1t HEDF 1t
STER: Df 11 _PIRELS o ARES

™PE: Truth
EQ:

IHDER: H-VIEW: -5, 5 &£,5
v-giER: -3, 1 2.2

EMTER FUMCTIOW(ZY TO PLOT
‘EDIT {cHons] | OPTS [ERASE|UkaI

H-TICK: 18 v-Tick: 18 ¢ PIHELS

ENTER INDEFENDEMT VAR MAME
T P e N (T T

The Truth PLOT Form

Shows the current angle mode. Change it by pressing
one or more times or by using DHIOE,

B Enter the truth-valued expression, inequality, or
program to be plotted.

Enter the name of the independent variable. It will be
plotted on the horizontal axis.

Enter the horizontal display range in the two fields,
low endpoint in the left and high endpoint in the
right.

Enter the vertical display range in the two fields, low
endpoint in the left and high endpoint in the right.
Opens the PLOT OPTIONS form.

;=] Erases the PICT screen (without displaying it).
DEAY Stores all of the values in their appropriate places in
the reserved variables, F(Q) and PPAR, and draws
the plot accordingly, leaving you in the PICTURE
environment when finished.

The Truth PLOT OPTIONS Form

IHDER: Enter the name of the independent variable.
L Enter the smallest value of the independent variable
that you want plotted. Plotting range for Parametric
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plots are usually different than display range (see page
24-3).

HIz Enter the largest value of the independent variable
that you want plotied. Plotting range can be different
than display range (see page 24-3).

DEPHE: Enter the dependent (or second independent) variable.
It will be plotted on the vertical axis.

Lia: Enter the smallest value of the dependent variable
that you want plotied.

HI: Enter the largest value of the dependent variable that
you want plotted.

ZTEF: This determines the resolution of the plot. It is the

horizontal distance (in units or pixels—see next field)
between two plotted points. The default step-size for
Trutk is an interval equal to 1 pixel.

FIZELS When checked, the step-size is interpreted to represent
pixels. When unchecked (default) the step-size is
interpreted to represent units.

AAES See the Function plot type.
H-TICE See the Function plot type.
YW-TICK See the Function plot type.
FICELS See the Function plot type.

Special Notes

m Unless otherwise specified, every pixel in the display is evaluated.
For a full-size display, this means F@) must be evaluated 8,384 times
(compared to 131 times for the average function plot). You can
speed up the plot by specifying a smaller z and y plotting range
(see Example 2 below).

Examples

Example 1: Display the conic example plot, PTRN: (22 + 33)
mod 2 < 4. If necessary, type in TEACH to install the
EXAMPLES directory then:
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After plotting, press (CANCEL) (()(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.

Example

Step 1:

Step 2.
23

Step 3:

(@)(PLoT) (&) (&) C .
THRE:

Step 4:

2:  Plot the solution set for the following system of

inequalities: x4y > 2, 4y <z +8, 2y > 32 — 6.

Create a single truth expression:
4= . Store it in the variable INEQ.

Create a list of the three inequalities with the inequality

signs converted to equal signs {=): £
PEe¥=ReE-o' 1 Store the list in the variable NEQL

Begin the PLOT application, change the plot type to Comic
reset the plotting defaults, and choose NEQL for the field

Tt e

SIS

IMDEP: ¥ H-VIEK: =5, 5

_AUTOSCALE Y-MIEW: —3, 1

EMTER FUMCTIOMCE) TO PLOT
eIt [cHon=l ] oPTE [ERRSE[ORAR

Erase PICT and plot the three lines. (Note that these
equations meet the requirements for Conic plots.) After
drawing use ¥ ' to determine the region of interest for
inequalities.

(&) (V) (| or () as necessary /<7+,

W 4.3 ¥:1.49
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Step 5: Return to the PLOT form, change the plot type to Truth,
choose the truth expression INEQ into the : field, and
reduce the plotting range to the region of interest that you
determined from looking at the Conic plot.

D@T®  [EE
@ @ IHDER: % Lo: —1 Hi: 5

DEPMD: ' LD ~1 Hi: 4
STEP: [BEgRGAl _ FIRELS o RHES
R-TICK: 1@ w-TICK: 1@  « PIRELS

EMTER IMDER VAR IMCREMENT
1 EE W O e

- ®) 1 (0 @R 5
ETER) ) | ) (EnTeR) 4

Step 6:  Draw the truth plot, without erasing PICT first. The truth
plot will be superimposed over the lines drawn previously.

enorleive] - o] o ] BT [oANKL]

Statistical Plots

You can plot statistical data three ways:

m Scatter Plot. For two variables, their values at each data point are
depicted by a dot in the z-y plane.

& Bar Chart. For one variable, its value at each sequential data point
is shown by a vertical bar.

e Histogram. For one variable, the number of times its value falls
within certain ranges—called bins—is depicted by a vertical bar.

Statistical plots use data stored in the reserved matrix Y DAT
variable, which plays a role for statistics analogous to FQ for function
plotting and solving.

Plot Types 23-17
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Histogram Plots

A histogram divides the range of values of one variable into a number
of bins and for each bin shows the number of data points for which the
variable value falls within the bin. It shows the relative frequency—the
maximum y value is the total number of data points.

The Default HISTOGRAM Plot Screens

coL: 1
Wi: Df 11 H-VIEW:—£.5 5.3
_AUTOSCALE Y-VIEW: -3, 1 3.2

EMTER DATA TO PLOT
EDIT [cHOOZ]- o [ OPTS [ERASE[DRAK]

H-TICK: 1@ v-TICK: 18 o PIYELE

DRAK AYES EEFORE PLOTTING?
[ [ fwcHkl 0 [ANGL] DK

The Histogram PLOT Form

Enter the data matrix or the name of the data matrix
containing the data to be plotted.

RN Enter the column number in X DAT that contains the
data to be plotted.
SRENE Enter the desired bar width. The default sets the

width of each bar equal to one user-unit.

Enter the horizontal display range (in user-units)

in the two fields, low endpoint in the left and high

endpoint in the right.

W TERE Enter the vertical display range {in user-units) in the
two fields, low endpoint in the left and high endpoint
in the right.

ALUTOSOALE: When checked, the horizontal display range is set to

match the range of the data in the selected ¥ DAT

column and the vertical display range is set so that all
bars will fit vertically into the display, regardless of
the actual distribution. When unchecked, the display
uses the display ranges indicated by the H~%IEW and

Y-S 1EM fields.

Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).

Stores all of the values in their appropriate places in

the reserved variables, Y DAT, PPAR, and Y PAR
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and draws the plot accordingly, leaving you in the
PICTURE environment when finished.

The Histogram PLOT OPTIONS Form

See the Function plot type.
See the Function plot type.
See the Function plot type.
See the Function plot type.

Bar Plots

A bar chart shows the values of one variable in the order they appear
in the statistical matrix.

The Default BAR Plot Screens 23

PLOT OPTIONS

coL:
HI: Df 14 H-YIEW: =6, 5 5.5
_AUTOSCALE W-WEW: -3,1 3.2

ENTER DATA TO0 PLOT
EGIT jchonz] o [ 0PTS [ERAZELDRAN]

Baues
H-TICK: 1@ ¥-TICk: 18 PIRELS

DRAL ASES BEFORE PLOTTING?
e e T R T T

The Bar PLOT Form

Enter the data matrix or the name of the data matrix
containing the data to be plotted.

Enter the column number in ¥ DAT that contains the
data to be plotted.

Wil Enter the desired bar width. The default sets the
width of each bar equal to 1 user-unit.
H- W TER: Enter the horizontal display range (in user-units)

in the two fields, low endpoint in the left and high
endpoint in the right.

Wt TR Enter the vertical display range (in user-units) in the
two fields, low endpoint in the left and high endpoint
in the right.
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AUTOECALED When checked, the horizontal display range is set
from 0 to n, where n is the number of data points in
3 DAT and the vertical display range is set so that
all bars will fit vertically into the display and #1{x:
set to the default (1 unit per bar). When unchecked,
the display uses the display ranges indicated by the

4 and ¥~ IEH fields.

Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).

Stores all of the values in their appropriate places in

the reserved variables, Y DAT, PPAR, and Y PAR

and draws the plot accordingly, leaving you in the

PICTURE environment when finished.

[

The Bar PLOT OPTIONS Form

See the Function plot type.
See the Function plot type.
See the Function plot type.
See the Function plot type.

Scatter Plots

A scatter plot shows the relationship between two variables by
plotting a point at each z-y coordinate pair. For variables that
are statistically correlated, the points should cluster along a curve
representing the statistical model.

The Default SCATTER Plot Screens

TWPE: Scatter
T e oL 1 2

H-YIEW: -5, 5 6.5
_AUTOSCALE v-VIEW: =3, 1 3.2

EMTER DATA TO PLOT
EOIT [eHoO:] [ OPT: JERA:E[Dhnt]

H-TICK: 1@ ¥-TICK: 18 #PISELE

DRA AXES BEFORE PLOTTING?
Lo [wcRE] JANIL] DE ]
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The Scatter PLOT Form

Enter the data matrix or the name of the data matrix
containing the data to be plotted.

Enter the column numbers in ¥ DAT that contain the
data to be plotted. The left field indicates the column
to be plotted along the horizontal axis and the right
field indicates the column to be plotted along the
vertical axis.

Enter the horizontal display range (in user-units)

in the two fields, low endpoint in the left and high
endpoint in the right.

Enter the vertical display range (in user-units) in the
two fields, low endpoint in the left and high endpoint
in the right.

When checked, the horizontal and vertical display
ranges are set so that all plotted points are displayed
with as little extra space as possible. When
unchecked, the display uses the display ranges
indicated by the H~“IE# and % fields.

Opens the PLOT OPTIONQ f01m

Erases the PICT screen (without displaying it).
Stores all of the values in their appropriate places in
the reserved variables, Y DAT, PPAR, and ¥ PAR
and draws the plot accordingly, leaving you in the
PICTURE environment when finished.

The Scatter PLOT OPTIONS Form

Special Notes

See the Function plot type.
See the Function plot type.
See the Function plot type.
See the Function plot type.

m After drawing the Scatter plot, press & . to superimpose the
a plot of the current regression model on the Scatter plot. This

temporarily changes the plot type to i

s 80 that executing a

zoom will redraw the regression curve but not the scatter data.

Piot Types 23-21
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Plotting Functions of Two Variables

There are six different plot types that can be used to help you
visualize functions of two variables. Some of these display simulated
three-dimensional surfaces; other provide distinct two-dimensional
views of an underlying (but not displayed) “three-dimensional”
function.

Sampling Grid

Functions of two independent variables need two inputs in order to
generate an output. The HP 48 uses a two-dimensional sampling grid
of points whose two coordinates provide the two inputs required.

Each of the six plot types that use functions of two variables allow you
to determine the size of the sampling grid. By default, it consists of 80
points—10 columns by 8 rows. Increasing the number of points in the
sampling grid increases the time it takes to draw the plot—and the
detail with which the function is plotted.

However, for plots of functions of two variables, more detail does not
always translate into a more meaningful plot. Each combination of
function and plot type has its own built-in optimum sampling grid
size that is neither too small to properly reflect the function nor too
large to obscure the important aspect. You will probably need to
experiment a bit with the sampling grid dimensions when you first
plot a function.

Output Grid

The six plot types each transform the sampling grid into an output
grid, using the function to guide the transformation. However, each
plot type makes use of the sampling grid in different ways.

Three of them—Slopefield, Ps-Contour, and Gridmap—take each set
of sample coordinates and use the current equation to transform them
mnto a new two-dimensional output grid that enables you to visualize
the nature of the transforming equation. The plot you see is nothing
more than the two-dimensional output grid.
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Qutput Grids

o
A T A il g il i gt
S
; ; S e et e ettt et i "
Sampling Grid i
.......... ‘ P S —_—
---------- At o it gt

Slopefield/Ps-Contour

Gridmap

Transforming Sampling Grid to Output Grid

A fourth plot type, YSlice, performs the same transformation as

Wireframe, but displays the output very differently. Instead of 23
showing the entire output surface at once, YSlice plots, one after the

other, two-dimensional cross-sections of the surface perpendicular to

the y-axis. It draws one plot for each row in the sampling grid. Once

it has completed drawing all of the “slices,” it creates and runs an
animation using each “slice” as one frame. This allows you to visualize

a moving slice through the computed surface.
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A View Volume

-
\

The YSLICE View
23

The final two, Wireframe and Pr-Surface, transform the 2-dimensional
sample grid into a three-dimensional output surface. The plot that
you see 1s the output surface as viewed from a specified vantage
point—the eyepoint. The only part of the surface plotted will be that
within the within a region in 3-dimensional space, called the View
Volume, defined by ranges on each of the three coordinate axes.

y Top View

-View Volume

View Plane (parallel to xz-plane)

‘?‘1 axis unit
v y uni

Evepoint (Xe,Ye,Ze)  Plot Display Screen

The Relationship of the Eyepoint, View Volume, and Plot Display
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Note that the three-dimensional coordinate system on the HP 48
is somewhat constrained compared to its abstract, mathematical
counterpart. Specifically:

The plot display screen does not rotate in space; it always stays
parallel to the zz-plane and perpendicular to the y-axis. This means
that, visually, “height” is always along the z-axis, “width” along the
z-axis, and “depth” along the y-axis.

The y-axis is always oriented so that negative y-values are “nearer”
and positive y-values “farther” away from the plot display.

The eyepoint must be at least one unit “nearer” than yneqr

(ye < Ynear — 1) and can never exist “within” the View Volume.
Whenever you move the eyepoint, you also move the plot display
screen so that it remains exactly one unit away in the direction of
the y-axis.

You cannot plot a “top” view of a function (looking down onto the
zy-plane) simply by moving the eyepoint. (You may simulate this
by transforming coordinates, however.)

Slopefield Plots

The Slopefield plot type draws a lattice of line segments whose slopes
represent the value of the function, f(z,y), at their centerpoint.

Using Slopefield allows your eye to pick out integral curves of the
differential equation y' = F(z,y). It is quite useful in understanding
the “arbitrary constant” in antiderivatives.

The Default SLOPEFIELD Plot Screens

ield & De

PLOT OPTIOMS
H-LEFT: [pil ¥-RIGHT: |
¥-HEAR: —1 y-Fak: 1

'r'FE= Slopef
Ex:

INDER: ¥ STERS: 18
DEPMD: Y STEPS: 5
EMTER FUMCTIONCEY TR PLOT EMTER MIMIMUM % VIEW-VOLUME VAL

EniT [cHon=[ | 0Pt [ERREE| pRAL S T T e (T W BT
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The Slopefield PLOT Form

ah Shows the current angle mode. Change it by pressing
one or more times or by using DHIGS,
B Enter the current expression, equation, or user-defined

function to be plotted. Names of variables containing
expressions, equations, or UDFs may be used in place
of the objects themselves.

Enter the name of one of the independent variables.
Enter the number of columns in the sampling grid.
Enter the name of the second independent variable.
Enter the number of rows in the sampling grid.
Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).
Stores all of the values in their appropriate places in
the reserved variables—FEQ, PPAR, and VPAR—
and draws the plot accordingly, leaving you in the
PICTURE environment when finished.

The Slopefield PLOT OPTIONS Form

A-LEFT: Enter the horizontal display range, corresponding to the
H=RIGHTS first independent variable (entered in THGEF).

¢ —-HERR Enter the vertical display range, corresponding to the
Y-FARS second independent variable (entered in DEFHD).
Examples

Example 1: Display the Slopefield example plot, SPFLD: ¢ = (;;:8

If necessary, type in TEFZH to install the EXAMPLES
directory and then:

Press Exar FLOTE
SFFLD

|

e

~
2|
I:?::E

Y
20

fl
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N
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Ll
1o
)

.

E

£ A‘\\’\T\Vf i
i
et e

[ E0IT [

HMEL

After plotting, press (CANCEL) (¢#)(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.
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Example 2

Step 1:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Plot the Slopefield of the differential equation,
y'(z) = 2. Then superimpose the solution of the
equation with a particular initial condition.

In the Slopefield PLOT form, enter the expression (*#™&")
into Eiiz, and set the display ranges to [-3 3] (horizontal)
and [-1 5] (vertical). Set the independent step variable to 10

steps and the dependent step variable to 8 steps.
Plot the slopefield.

DEAM TR ————
e sneg

===}

R i)
[ Do ]teacel. ] EOIT [iRNGL]

Turn on TRACE mode, press (V) seven times and () one
time to jump to a point in the lower left corner of the screen,
and press to put the coordinates onto the stack.
Return to the PLOT form and change the plot type to Diff
Eq. Then hlghhght the solution variable’s IHIT: field and

press CRLy so that the coordinate point (a
tagged list) is sitting on level 1 of the stack.

Press Ly kg% (DROP) to remove the THPUT
tag. Press =i+ (DROP) to separate the two coordinates,

and then («y)(CONT) 1K

initial solution value.
Highlight the independent variable’s I#IT# field and press

to store the y-coordinate as the

oaLo (DROP ik to retrieve the z-coordinate as the
initial independent value. Then set the FIrfL: value to 3.

Set the step-size to 0.1.
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Step §: Draw the plot without erasing first so as to superimpose the
Diff Eq plot on the previous Slopefield plot.

HE mEEy

S Y A .
aponfeenl 1 [EniT Joami]

Wireframe Plots

The Wireframe plot type draws an oblique-view, perspective, 3D plot
of a wire-frame model of the surface determined by Z = F(z,y).
. 23 Each point in the sampling grid is perspective-projected onto the
display screen along the line connecting the sample and the eyepoint
(Xe,Ye,Ze).

View Volume

S

- View Screen

.. Eye Point (XE, YE, ZE)
B!

Perspective Projection

Neighboring samples are connected by straight lines. The
sampling grid is determined by the “base” of the View Volume
(Xleft ;Xright :Ynear anar) .
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The Default WIREFRAME Plot Screens

n- : w-RiGH
¥-MEAR: —1 ¥-Fak: 1
Z-LOk: ~1 Z-HiGH: 1
HE: A VE: -3 2E: [

EMTER MIMIMUM # VIEW-VOLUME VAL
emrl b b [eANGL] Dk

TPE: Wireframe & De
B
IMDEP: ¥ ITEPS: 18

DEPMD: Y STEPS: B

EWTER FUMCTIOM(S) TO PLOT
EQT [cHOOS[ ~ | OPTS |ERASE|DRA]

The Wireframe PLOT Form

- Shows the current angle mode. Change it b*v pressing
(*/=) one or more times or by using CHIDE.

Enter the current expression, equation, or user-defined

functions to be plotted. Names of variables containing

expressions, equations, or UDFs may be used in place

of the objects themselves.

Enter the name of one of the independent variables.

Enter the number of columns in the sampling grid.

Enter the name of the second independent variable.

Enter the number of rows in the sampling grid.

Opens the PLOT OPTIONS form.

Frases the PICT screen (without displaying it).

Stores all of the values in their appropriate places in

the reserved variables—EQ, PPAR, and VPAR—

and draws the plot accordingly, leaving you in the

PICTURE environment when finished.

The Wireframe PLOT OPTIONS Form

Enter the z-axis range (“width”) of the View Volume.
Enter the y-axis range (“depth”) of the View Volume.

Enter the z-axis range (“height”) of the View Volume.

Enter the z-coordinate of the eyepoint. Use the
midpoint of the z-axis range for the View Volume
if you want the plot “centered” horizontally in the
display.

Plot Types 23-29

23



23

Example:

Press F

NXT)

Enter the y-coordinate of the eyepoint. It must be
at least one unit smaller than the value for ¥~HE&R:
above. The greater the difference between ¥E: and

Bt the “farther away” the plot will appear.

Enter the z-coordinate of the eyepoint. Use the

midpoint of the z-axis range for the View Volume if you

want the plot “centered” vertically in the display.

Display the Wireframe example plot, WIRE :
z = 2%y — 2y®. If necessary, type in TEFCH to install the
EXAMPLES directory and then:

FLOTE

[zoomfeia] ] 0 ] ENIT [RMiL]

After plotting, press (CANCEL) (2)(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.

Pseudo-Contour Plots

The Ps-Contour plot type plots a lattice of line segments, each tangent

to a contour of the function (a curve satisfying F(z,y)=constant).

It computes a tangent for each point in the sampling grid. The
Ps-Contour produces a “fast” contour plot, allowing your eye to pick
out the integral curves (contours) without actually plotting them.
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The Default PS-CONTOUR Plot Screens

PLOT DPTIONZ

1rE: Pe—Contour & De
Ef:

IMDEF: STEPS: 16

DEPMD: Y STEPS: 8

EMTER FUWCTIDWCS) TO PLOT EMTER MINIMUM % VIEW-VOLUME VAL
E0iT [cHoo=[ [ opT: [ERASE[DRAK] EnT ] o [ [eRNik] OE |

The Ps-Contour PLOT Form

L3 Shows the current angle mode. Change it by pressing
(*/=) one or more times or by using CHODE
EGs Enter the current expression, equation, or user—deﬁned

function to be plotted. Names of variables containing
expressions, equations, or UDFs may be used in place
of the objects themselves.

Enter the name of one of the independent variables.
Enter the number of columns in the sampling grid.
Enter the name of the second independent variable.
Enter the number of rows in the sampling grid.
Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).
Stores all of the values in their appropriate places in
the reserved variables—FEQ, PPAR, and VPAR—
and draws the plot accordingly, leaving yon in the
PICTURE environment when finished.

The Ps-Contour PLOT OPTIONS Form

Enter the horizontal display range, corresponding to the
first independent variable (entered in IHDEF).

Enter the vertical display range, corresponding to the
second independent variable (entered in LEFHL).

Example: Display the Ps-Contour example plot, PSCN: z
If necessary, type in TEATH to install the EXAMPLES
directory and then:
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After plotting, press (CANCEL) ((»)(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.

Y-Slice Plots

The YSLICE plot type draws a series of cross-sections (each
perpendicular to the y-axis) of the surface determined by the current
equation. It draws one plot for each row in the sampling grid. Once

it has completed drawing all of the “slices,” it creates and runs an
animation using each “slice” as one frame. This allows you to visualize
a moving slice through the computed surface.

The Default YSLICE Plot Screens

EPLOT OPTIONS 5

H~LEFT: H-RIGHT: 1
Y-MEAR: —1 v-FAR: 1
2-LomW: —1 2-HIGH: 1
_SAVE AMIMATION

TYPE: Y—=Slice
EQ:

IMDEP: % STEPS: 1@
DEPND: STEPS: B

EMTEE FUNCTIOH(S) TO PLOT EMTER MIMIMUM ¥ VIEW-VOLUME VAL
EDIT {CHOOE] - [ OPTS [ERAZE[DRAL] T T e e T T

The Y-Slice PLOT Form

L3 Shows the current angle mode. Change 1t bv pressing
(*/=) one or more times or by using CHIE
AN Enter the current expression, equatlon, or user—deﬁned

function to be plotted. Names of variables containing
expressions, equations, or UDFs may be used in place
of the objects themselves.

ITHDER: Enter the name of one of the independent variables.
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Enter the number of columns in the sampling grid.
Enter the name of the second independent variable.
Enter the number of rows in the sampling grid.

Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).

Stores all of the values in their appropriate places in
the reserved variables—FEQ@Q, PPAR, and VPAR—and
draws the series of plots accordingly. Once it has drawn
all of the slices, it animates them in a continuously

repeating loop. Press to stop the animation.

The YSlice PLOT OPTIONS Form

Enter the z-axis range (“width”) of the View Volume.
Enter the y-axis range (“depth”) of the View Volume.
Enter the z-axis range (“height”) of the View Volume.

When checked, the series of “slices” used 1n the
animation are put onto the stack and the number of
slices put onto level 1 of the stack. When unchecked,
all “slices” except the current one are deleted once the
PICTURE environment is exited.

Example: Display the YSlice example plot, SLICE: z = z3y — zy°.
If necessary, type in TESLH to install the EXAMPLES
directory and then:

Press (VAR) : ExmP FLOTE
NXT) i e

Press {CANCEL) to halt animation.

After plotting, press (CANCEL) (;2)}(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.
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Gridmap Plots

The GRIDMAP plot type transforms (maps) the specified rectilinear
sampling grid via the current complex-valued function. The
coordinates (a complex number) of each point in the sampling grid are
the inputs for the function which then maps the coordinates into the
output grid. You can control how much of the output grid is displayed
by adjusting the z- and y-ranges for the View Volume.

The Default GRIDMAP Plot Screens

LOT DPTIONS

#¥-LEFT:

I~ 1 dma

: 3 H-RIGHT: 1

EG: Y-MEAR: — 1 ¥-FAR: 1

INDEF: ¥ STEPS: 18 RE-LEFT:~1 HH-RGHT: |

DEFHD: Y STEPS: 8 ¥Y-HERR:— | ¥Y-FAR: 1

EMTER FUMCTION(S) TO PLOT EMTER MINIMUM ¥ VIEW-YOLUME YAL

L EDIT [oHOOs] [ OPTS [ERAZE[DRAL] ST e O e T T
The Gridmap PLOT Form
e Shows the current angle mode. Change it by pressing

one or more times or by using RS,

B Enter the current expression, equation, or user-defined

function to be plotted. Names of variables containing
expressions, equations, or UDFs may be used in place
of the objects themselves. The function or expression in
EQ should use a complez number argument.

Enter the name of one of the independent variables.
Enter the number of columns in the sampling grid.
Enter the name of the second independent variable.
Enter the number of rows in the sampling grid.
Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).
Stores all of the values in their appropriate places in
the reserved variables—EQ, PPAR, and VPAR—
and draws the plot accordingly, leaving you in the
PICTURE environment when finished.
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The Gridmap PLOT OPTIONS Form

weLEFTS Enter the horizontal display range.

AT AT
R IGHTE

Y -HEARE Enter the vertical display range.
¥ ~F AR

LEFT: Enter the horizontal range of the input sampling grid,
corresponding to the first independent variable (entered

in IHBEF).

Enter the vertical range of the input sampling grid,
corresponding to the second independent variable
(entered in DEFHMD).

Example: Display the Gridmap example plot, GRID:
z 4 yi = sin(z + yi). If necessary, type in TERCH to

install the EXAMPLES directory and then:
Press EXEM PLOTS 23
GRID

After plotting, press (CANCEL) (2)(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.

Parametric Surface Plots

The Pr-Surface plot type draws an oblique-view, perspective,

3D plot of a wire-frame model of the surface determined by

F(u,v) = z(u, v)i+ y(u, v)j + z(u, v)k where u and v are drawn from
the sampling grid (i~ and %'~ ranges). Pr-Surface combines the
coordinate-mapping approach of Gridmap with the three-dimensional
perspective plotting of Wireframe.
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b

: PLOT ORTION
TWPE: Fr—Surface < De H-LEFT: H-RIGHT: 1
¥-MEAR: —1 Y-FAR: |
STEPS: 1 2-LOW: ~1 2-HIGH: ]
STERS: § HE: B YE: -2 BB
EMTER FUMCTIOM(Z) TO PLOT EMTER MIMIMUM % VIEW-YOLUME VAL
L] ERRZE[ DK ] T S P T T TR BT

The Default PR-SURFACE Plot Screens

SR NN AMD YY PLOT DPTIONS 550
#E-LEFT-ERG WH-RGHT:1

¥-MERR:—] ¥i-FaR: ]

EMTER MIMIMUM X RAMGE YALUE
107 ) R Y T T T
L=l L1 DAMIL O §

The Pr-Surface PLOT Form

Shows the current angle mode. Change it by pressing
one or more times or by using ©HINE,

Enter the function as a list containing the three
algebraic objects representing the parametric vector
components.

Enter the name of one of the independent variables.
Enter the number of columns in the sampling grid.
Enter the name of the second independent variable,
Enter the number of rows in the sampling grid.
Opens the PLOT OPTIONS form.

Erases the PICT screen (without displaying it).
Stores all of the values in their appropriate places in
the reserved variables—FEQ, PPAR, and VPAR—
and draws the plot accordingly, leaving you in the
PICTURE environment when finished.
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The Pr-Surface PLOT OPTIONS Form

Enter the z-axis range (“width”) of the View Volume.
Enter the y-axis range (“depth”) of the View Volume.
Enter the z-axis range (“height”) of the View Volume.

Enter the z-coordinate of the eyepoint. Use the
midpoint of the z-axis range for the View Volume
if you want the plot “centered” horizontally in the
display.

Enter the y-coordinate of the eyepoint. It must be
at least one unit smaller than the value for ¥-HERE
above. The greater the dlﬂerence between YE & and
., the “farther away” the plot will appear.

i.x

Enter the z-coordinate of the eyepoint. Use the
midpoint of the z-axis range for the View Volume if you
want the plot “centered” vertically in the display.

Opens the XX AND YY PLOT OPTIONS form, in
order to enter the sampling grid ranges.

The Pr-Surface XX AND YY PLOT OPTIONS Form

Example:

Enter the horizontal range of the input sampling grid.
Enter the vertical range of the input sampling grid.

Display the Pr-Surface example plot, PSUR

F(u,v) = z{u,v)i + y(u,v)j + z(u, v)k where ,
z(u,v) = ucosv, y(u,v) = usinv, and z(u,v) = u. If
necessary, type in TEACH to install the EXAMPLES
directory and then:
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Press EHAR PLOT
FELR

T T ) (11

After plotting, press (CANCEL) (()(PLOT) to review the PLOT forms
that generated the plot. Experiment by changing values or settings
and redrawing the plot.

23
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Advanced Plot Options

Labeling and Locating the Axes

To label the coordinate axes with the variable names:

B After the plot is drawn, press Efi7 LHEEEL . The names
of the independent and dependent variables and the coordinates
(in user-units) of the largest and smallest displayed values for each
variable are added to the plot. The figure below shows labels added
to the plot of 2% — 2 using the default settings. 24

To label the axes with user-defined labels

1. Press to return to the stack, if necessary.
2. Enter a list containing the horizontal and vertical axis labels (as
strings): « "h-label® “v-label”

3. Press (q)(PLOT) FEHR F#ES. to store the labels.
4. Press @m to dlsplay the plot again.

5. Press EILT [(NXT

To have the axes intersect at some point other than (0,0}

1. From the stack, press (&)[{3).
2. Type in the complex number containing the desired point of

intersection and press (ENTER).
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3. Press (&q)(PLOT) FFHARE (NXT) HHES to store the intersection
point.

4. Press (@)(PLOT) ERFSE [EFH to redraw the plot using the new
axes intersection point.

Plotting Programs and User-Defined Functions

You can plot more than just expressions and equations—you can also
plot programs. And your expressions, equations, and programs can
include user-defined functions.

You can plot a program if it takes nothing from the stack, uses
the independent variable in the program, and returns exactly one
untagged number to the stack:

s Real result. Equivalent to the expressions f(x) (plot type Function)
and r(0) (plot type Polar). For example, the program

g
i~
L

plots

(32745224350 ifz<0
f("”)_{moo ifz>0

Store the program in FQ, select autoscaling, and draw the plot.

m Complex result. Equivalent to (z(t),y(¢)) (plot type Parametric).
For example, the program

PR aMUM L EeDetr]

plots the parametric equations

r=1?—2 and y=1t3-2t+1

o

Store the program in £Q, make ' T the independent variable, select
autoscaling, and draw the plot.
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Plotting Range vs. Display Range

The plotting range is the range of the independent variable (or
variables) over which the current equation is evaluated. If you don’t
specify the plotting range, the HP 48 uses the z-axis display range
(specified by XRNG in (¢q)(PLOT) or by H~“I1EH in ()(PLOT)) as
the plotting range. However, you can specify a plotting range that’s
different from the z-axis display range:

g For Polar and Parametric plots, the independent variable isn’t
related to the z-axis variable—so you specify the plotting range to
control the range of the independent variable.

@ For Truth and Conic plots, you can shorten plotting time by
specifying plotting ranges that are smaller than the z- and y-axis
display ranges. These plot types require you to specify the
dependent variable—you can specify its plotting range different from
the y-axis display range.

You can make PICT larger than its default size (131 by 64 pixels)—
and either keep the same z and y scale factors (which extends the
display range), or keep the same display range (which extends the
scale and appears to “stretch” the plot.

To check the current size of PICT:

® Press FIOT PICT ()RCL). You will see Graphic
widths height—the current dimensions of PICT.

To change the size of PICT:

® To keep the same scaling, enter two complex numbers (with «
delimiters) specifying the coordinates of diagonally opposite corners
in user-units, then press FIOT PDIN

m To keep the same display ranges, enter two binary integers (with #
delimiter) specifying the horizontal and vertical sizes in pixels, then

press BICT FLIH.

The result of the PDIM (PICT dimension) command depends on the
type of coordinates—user-units or pixels—though both forms change
the size of PICT.
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Example:

Assume PICT is its default size, shown in figure (a)
below.

To double the z range of PICT in the horizontal
direction and keep the same scales (units per pixel), enter
f-1@, -1 and (28,2 and press FLIH . (PICT
becomes #261 wide by #64 high in pixel units.) If you
redraw the graph, the effect is to add more points to the
graph at both ends, shown in figure (c).
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(-5,-1) {#130 #63}

{#0 #0}

{#261 #63}
(b)

(20,2)

(10, -1)
©

Changing the Size of PICT

To extend the plotting range beyond the limits of the display:
1. Change the the size of PICT so that it encompasses the plotting

range. Enter two complex numbers (with + » delimiters) specifying
the coordinates of diagonally opposite corners in user-units, then
press FICT FPLRIM.

2. Open the PLOT application and set the plotting ranges and display
ranges. The display range may be smaller than the plotting range.
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3. After all plot parameters are set, press & FEFE to draw the
plot. You will only see a portion of the plot in the chsplay

4. Press (q)(PICTURE) and use the arrow keys to scroll around and
view the larger plot. Press (#q)(PICTURE) again to exit scrolling
mode.

To use computed values for plotting or display ranges:

1. In the PLOT or PLOT OPTIONS form, highlight the range field
whose value you wish to compute.

2. Press CHLLD to prepare for a side-calculation on the stack.

3. Perform the desired computation. For example, if you want to use

BT” as one endpoint, you would press 3 (&)(m) (x) 4 ().
4. If it is not already one, convert the result on level 1 to a real

number by pressing (e9)(=NUM).

5. Press. ik to return the result to the original field.

Saving and Restoring Plots

A plot can consist of several components:

@ The plot picture, a graphic object.

m The current equation or equations, stored in the reserved variable
EQ.

m The current plot parameters, set in the PLOT forms, and stored in
the reserved variable PPAR and, in the case of three-dimensional
plot types, VPAR.

m Flag settings that determine plotting or display options.

You have the option to save any or all of these plot components in a
variable so that you may retrieve them at a later time. Here are two
useful approaches:

1. Save just the plot picture—the “result”—in a variable. This is a
simple procedure (see below) but each plot picture uses about one
Kilobyte of memory.

2. Save the current £@Q, PPAR, VPAR (if necessary), and flag settings
in a list. The plot can be reconstructed by restoring each of these
to the values contained in the list.
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The following set of procedures illustrate how to accomplish these
approaches to saving and restoring plots.
To save the current plot picture in a variable:

1. After drawing the plot and while viewing it in PICTURE, press
to send a copy of the plot to the stack as a graphics object.
Press to return to the stack.

2. Enter a name for the plot (*#1' for example) and press (STO).

To view a plot picture that was previously stored in a variable:
1. Press and then (¢#) and the menu key corresponding to the

variable containing the plot picture (¢ #1 . for example) to recall
it to the stack.

2. Press FILT FI0T (STO) to store the plot picture in
PICT.

3. Press («q)(PICTURE] to view the plot picture.

To save a “reconstructable” version of the current plot:

1. After drawing the plot, press to return to the stack.

2. Recall the current contents of EQ, PPAR, and VPAR (if the
current plot is a three- dlmezmonal plot) to the stack by pressing
(VAR] and then = E and “WEAE (if necessary). You
may need to use (NXT) to sw1tch menu pages to find each of these
variables.

3. Press (&q)(MODES) [FLFAG BOLF
settings to the stack.

4. You should have three or, if you included VPAR, four new objects
on the stack Enter the number {3 or 4) and press LIy

to recall the current flag

5. Enter a name for the list and press .

To reconstruct a plot from its stored version:

1. Press and then the menu key associated with the variable
containing the stored version (in list form) of the plot.

2. Press : to disassemble the list and put

the components onto the stack.

3. Press (¢q)(MODES) FL#L to restore the flag

settings. Note that your current flag settings will be lost.
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4. If the plot is a three-dimensional plot, press (), type “##E and
press to restore VPAR.

5. Press (7)), type FFFR and press to restore PPAR.

. Press («)(PLOT) (&) E&  to restore EQ).

7. Press ((»)(PLOT) EEH EfE to redraw the plot.

(o>
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The Equation Library

The Equation Library is a collection of equations and commands that
enable you to solve common science and engineering problems. The
library consists of more than 300 equations grouped into 15 technical
subjects containing more than 100 problem titles. Each problem

title contains one or more equations that help you solve that type of
problem. Appendix G contains a table of the groups and problem
titles available in the Equation Library. More detailed information
about each equation set is given in the HP 48G Series Advanced
User’s Reference.

Solving a Problem with the Equation Library
Follow these steps for solving a problem using the Equation Library:

1. Press (¢2)(EQLIB) to start the Equation Library.

2. Set the unit options you want by pressing the = &1 EHGL
and LH1TE menu keys.

3. Highlight the subject you want, then press (ENTER).
4. Highlight the title you want.

5. Optional—if you want to find out more about the equations in
this set, press other keys as described in the next few sections.

6. For each known variable, type its value and press the
corresponding menu key. Press if necessary to access
additional variables.

7. Press &% o to start solving the problem.

The Equation Library 25-1
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8. For each known variable, type its value and press the
corresponding menu key. Press if necessary to access
additional variables.

9. Optional: Supply a guess for the unknown variable(s). This can
speed the solution process or help to focus on one of several
solutions. Enter a guess just as you would the value of a known
variable. If you are working with multiple equations, press ()
and then the variable menu key “MZfL after entering the guess
(reconverting the menu label to white).

10. Press (9] followed by the menu key of the variable for which
you're solving. If you're solving a set of equations, you can press
(¢9) BLL  to solve for all remaining unknown variables—all
variables not previously defined by you.

Using the Solver

When you select a subject and a title in the Equation Library,
you specify a set of one or more equations. Then, when you press
E0LY 7 you leave the Equation Library catalogs and start solving

the equations you’ve selected.

When you press = %% © in the Equation Library, the application
does the following:

m The set of equations is stored in the appropriate variable: F@) for
one equation, £ and Mpar for more than one equation. (Mpar is a
reserved variable name used by the Multiple-Equation Solver.)

m Each variable is created and set to zero unless it already exists. (If
the variable name has been used by the Solver before, then it is a
global variable and therefore already exists—until you purge it.)

m Each variable’s units are set to the conditions you specified—SI
or English units, and units used or not used—unless the variable
already exists and has units dimensionally consistent with what you
specified. (To change from English to SI units or vice-versa, you
must first purge the existing variables or explicitly enter the units
with the values.)

8 The appropriate solver is started: the SOLVR application (see page
18-7) for one equation, the Multiple-Equation Solver for more than
one equation.
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Because EQ and Mpar are variables, you can have a different £Q and
Mpar for each directory in memory.

Using the Menu Keys

The actions of the unshifted and shifted variable menu keys for both
solvers are identical. Notice that the Multiple-Equation Solver uses
two forms of menu labels: black and white. The key shows
additional menu labels, if required. In addition, each solver has special
menu keys, which are described in the following table. You can tell
which solver is started by looking at the special menu labels. (Or you
can check the title—the title for a library equation in the HP Solve
application starts with Eiz.)

Actions for Solver Menu Keys

Operation SOLVE Multiple-Equation
Application Solver

Store value

Solve for value

Recall value

Y Y

Evaluate equation EsbRE=

Next equation HEED

(if applicable)

Undefine all AL
Solve for all () ALL
Progress catalog (=) ALL
Set states HUEE. HMEAL
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Browsing in the Equation Library

When you select a subject and title in the Equation Library, you
specify a set of one or more equations. You can get the following
information about the equation set from the Equation Library
catalogs:

® The equations themselves and the number of equations.
& The variables used and their units—you can also change the units.

m A picture of the physical system (for most equation sets).

Viewing Equations

All equations have a display form—some equations also have a
calculation form. The display form gives the equation in its basic
form—the form you’d see in books. The calculation form includes
computational refinements. If the equation has a calculation form, an
% appears in the upper-left corner of the equation display.

Operations for Viewing Equations and Pictures

Key Action Example
= Shows display form of current or | B = %l
HEES next equation in EquationWriter

format.

ENTER Shows display form of current or
next equation as an algebraic

object. or (¥) shows the
next equation, (&) shows the

previous.

+ETHE Shows calculation forms by
putting a list containing the
current set of equations on the
stack.

SRR YEr A
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Viewing Variables and Selecting Units

After you select a subject and title, you can view the catalog of
names, descriptions, and units for the variables in the equation set
by pressing #FFZ . The table below summarizes the operations
available to you in the Variable catalogs.

Operations in Variable Catalogs

Key Action

NXT Toggles between catalog of descriptions and catalog
of units.

Makes SI or English units active unless this
conflicts with the units already defined for an
existing (global) variable. Purge existing variables
(or enter the specific units) to eliminate conflicts.

Toggles between units used or units not used.

Creates or changes all equation variables to have
indicated unit type and usage.

Purges all equation variables for this title in the
current directory. This also eliminates SI vs.
English units conflicts.

Viewing the Picture

After you select a subject and title, you can view the picture of the
problem—but only if the title has a picture.

To see the picture, press "F I . While the picture is displayed, you
can do the following:

m Press #F 10T to store the picture in PICT, the graphics memory—

then you can use (#q}PICTURE) to view the picture after leaving the

Equation Library catalogs.
B Press the menu keys or (ENTER] to show other equation mformation.

For information about displaying and manipulating graphics objects,
see chapter 9, “Graphic Objects.”
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Using the Multiple-Equation Solver

The Equation Library starts the Multiple-Equation Solver
automatically if the equation set contains more than one equation.
However, you can also start it up explicitly using your own set of
equations (see “Defining a Set of Equations” on page 25-8).

When the Equation Library starts the Multiple-Equation Solver, it
first stores the equation set in F'@) and stores a copy of the equation
set, the list of variables plus additional information in Mpar. Mpar

is then used to set up the Solver menu for the current equation set.
{Note that, although you can view and edit £Q directly like any other
variable, Mpar can only be edited indirectly (executing commands
that modify it) as it is structured as library data dedicated to the
Multiple Equation Solver application.)

The following table summarizes the actions for the solver menu keys.
The key shows additional menu labels.

Solver Menu Keys

Operation Key ‘ Action

Creates variable if necessary, stores
value in variable, and makes
variable user-defined. If the value
has no units, the units of the
previous value are appended, if any.

Store value

Creates variable if necessary, solves
for value of variable, and makes
variable not user-defined.

Solve for value

Recall value Recalls value of variable to stack.

Makes all variables not
user-defined, but does not modify
their values:

Undefine all
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Solver Menu Keys (continued)

Operation Key Action

Solve for all (q) ALL Creates variables if necessary and
solves for all variables not
user-defined (or as many as
possible).

Shows information about last
solution.

Progress catalog

User-defined PLIRE Sets states to user-defined for
variable or list of variables on the
stack.

Calculated

Sets state to not user-defined
{calculated result) for variable or
list of variables on the stack.

The menu labels for the variable keys are white at first—they change
during the solution process as described below.

Because a solution involves many equations and many variables,

the Multiple-Equation Solver must keep track of variables that are
user-defined and not defined—those it can’t change and those it can.
In addition, it keeps track of variables that it used or found during the
last solution process.

The menu labels indicate the states of the variables. They’re
automatically adjusted as you store values and solve for variables. You
can check that variables have proper states when you supply guesses
and find solutions.

Notice that ® marks the variables that were used in the last solution—
their values are compatible with each other. Other variables may not
have compatible values because they weren’t involved in the solution.
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Meanings of Menu Labels

Label Meaning

Value z0 not defined by you and not used in the
last solution—it can change in the next solution.

Value z0 not defined by you, but found in the last
solution—it can change in the next solution.

# Value z0 defined by you, but not used in the last
solution—it can’t change in the next solution
(unless you solve for only this variable).

Hiie Value 20 defined by you and used in the last
solution—it can’t change in the next solution

(unless you solve for only this variable).

Defining a Set of Equations

When you design a set of equations, you should do it with an
understanding of how the Multiple-Equation Solver uses the equations
to solve problems.

The Multiple-Equation Solver uses the same process you’d use to solve
for an unknown variable—assuming you weren’t allowed to create
additional equations. You’d look through the set of equations for one
that has only one variable that you don’t know. You’d use the HP 48
root-finder to find its value. Then you’d do this again until you’ve
found the variable you want.

You should choose your equations to allow likely unknown variables to
occur individually in equations. You must avoid having two or more
unknown variables in all equations. You can also specify the equations
in an order that’s best for your problems.

For example, the following three equations define initial velocity and
acceleration based on two observed distances and times. The first two
equations alone are mathematically sufficient for solving the problem,
but each equation contains two unknown variables. Adding the third
equation allows a successful solution because it contains only one of
the unknown variables.
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rn=v+a-14
I = v + a1y
(1:2~x1):a~(t2~t1)

To create more robust equations, you can include functions that
ensure proper and faster calculations—for example CONST and
TDELTA, UBASE, EXP, and IFTE. See the HP /8G Series Advanced
User’s Reference for details and examples.

If your equations use any of the following functions, their variables
won’t necessarily be detected by the Multiple-Equation Solver: ¥, f,
d, |, QUOTE, APPLY, TVMROOT, and CONST.

The list of equations in F@ may contain menu definitions, but those
definitions are ignored by MINIT when it creates Mpar. However, you
can reorder the menu labels using MITM, described under “Changing
the Title and Menu” later in this chapter.

To create a set of equations for the Multiple Equation Solver: 25 |

1. Enter each equation in the set onto the stack.

2. Press (&) to begin the Interactive Stack and then move the cursor
up to the level containing the first equation you entered.

3. Press #1157 to combine them into a list.

4. Press (J(@)E(@Q (or («)(SOLVE) EoIT (&) E@ ) to
store the list into the EQ) variable.

5. Press (&9)(EQ LIB) HME%  MIHIT to create Mpar and prepare the
equation set for use with the Multiple Equation Solver.

6. Press MZflL - to launch the solver with the new set of equations.

To change the title and menu for a set of equations:

1. Make sure the set of equations is the current set (they are used
when the Multiple Equation Solver is launched).

2. Enter a text string containing the new title onto the stack.

3. Enter a list containing the variable names in the order you want
them to appear in the menu. Use a "™ to insert a blank label. You
must include all variables in the original menu and no others, and
you must match uppercase and lowercase names properly.

4. Press («)(EQLIB} MES  MITH .
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Interpreting Results from the Multiple Equation Solver

The Multiple-Equation Solver solves for variables by repeatedly
looking through the set of equations for one that contains only one
variable that’s “unknown” (not user-defined and not found by the
solver during this solution)—then it uses the HP 48 root-finder to find
that value. It continues eliminating “unknown” variables until it solves
for the variable you specified—or until it can’t solve for any more
variables. Each time the Multiple-Equation Solver starts solving for a
variable, only the variables with black menu labels are “known.”

During the solution process, the Multiple-Equation Solver shows the
variable it’s currently solving for. It also shows the type of root found
by the HP 48 root-finder (zero, sign reversal, or extremum)—or the
problem if no root is found (bad guesses or constant). {You can
watch the iterations if you press any key except during the
root-finding process. For more information about the root-finder, see
chapter 18.

The following messages indicate errors in the problem setup:

8 Ead Gusssiest. Units may be missing or inconsistent for a
variable. For a list of guesses, at least one of the list elements must
have consistent units.

m Too Manyg Unknowns. The solver eventually encountered only
equations having at least two unknowns. Either enter other known
values, or change the set of equations—whichever is appropriate for
your problem. See “Changing the Equations” later in this chapter.

m Conztant? The initial value of a variable may be leading the

root finder in the wrong direction. Supply a guess in the opposite
direction from a critical value—if negative values are valid, try one.

Checking Solutions

The variables having a = mark in their menu labels are related for the
most-recent solution—they form a compatible set of values satisfying
the equations used. The values of any variables without marks may
not satisfy the equations because those variables weren’t involved in
the solution process.

If any solutions seem improper, check for the following problems:
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Wrong units. A known or found variable may have units different
from those you assumed. These are global variables. If the variable
existed before this calculation, then its unit system (SI or English)
takes priority. To correct the units, either purge the variables before
solving the equation, or enter the specific units you want.

No units. If you’re not using units, your implied units may not
be compatible among your variables or with the implied units of
constants or functions. The current angle mode sets the implied
units for angles.

Multiple roots. An equation may have multiple roots, and the
solver may have found an inappropriate one. Supply a guess for the
variable to focus the search in the appropriate range.

Wrong variable states. A known or unknown variable may not have
the appropriate state. A known variable should have a black menu
label, and an unknown variable should have a white label.

Inconsistent conditions. If you enter values that are mathematically
inconsistent for the equations, the application may give results that
satisfy some equations, but not all. This includes over-specifying
the problem, for which you enter values for more variables than
needed to define a physically realizable problem—the extra values
may create an impossible or illogical problem. (The solution satisfies
the equations the solver used, but the solver doesn’t try to verify
that the solution satisfies all of the equations.)

Not related. A variable may not be involved in the solution (no = in
its menu label), so it’s not compatible with the variables that were
involved.

Wrong direction. The initial value of a variable may be leading the
root finder 1n the wrong direction. Supply a guess in the opposite
direction from a critical value—if negative values are valid, try one.
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Using the Constants Library

The Constants Library contains a collection of common physical
constants and quantities. You can use them in equations and
programs. (Several of these constants are used by the Equation
Library.) The following table lists them in the order they appear in

the Constants Library.

Constants Library

Value (SI)

Name Description
NA Avogadro’s number
k Boltzmann constant
Vm Molar volume
R Universal gas constant
StdT Standard temperature
StdP Standard pressure
o Stefan-Boltzmann
constant
c Speed of light in vacuum
0 Permittivity of vacuum
210 Permeability of vacuum
g Acceleration of gravity
G Gravitational constant
h Planck’s constant
hbar Dirac’s constant
q Electron charge
me Electron rest mass
gme q/me
mp Proton rest mass
mpime mp/me
« Fine structure constant
) Magnetic flux quantum
F Faraday constant

6.0221367E23 gmol ™!
1.380658E~23 J/K
22.4141 1/gmol

8.31451 J/(gmol K)
27315 K

101.325 kPa
5.67051E—8 W/(m?-K*)

299792458 m/s
8.85418781761E~12 F/m
1.25663706144E—~6 H/m
9.80665 m/s?
6.67259E—11 m®/(s kg)
6.6260755E—34 J-s
1.05457266E—34 J-s
1.60217733E-19 C
9.1093897E—31 kg
175881962000 C/kg
1.6726231E~27 kg
1836.152701
0.00729735308
2.06783461E—15 Wh
96485.309 C/gmol
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Constants Library (continued)

Name Description Value (5I)
Roo Rydberg constant 10973731.534 m ™!
a0 Bohr radius 0.0529177249 nm
uB Bohr magneton 9.2740154E-24 J/T
uN Nuclear magneton 5.05607866E—27 J/T
A0 Photon wavelength (ch/e) |1239.8425 nm
0 Photon frequency (e/h) 2.4179883E14 He
Ac Compton wavelength 0.00242631058 nm
rad 1 radian 1 radian
tworm 27 radians 6.28318530718 radians
angl A in trig mode 180°
c3 Wien displacement 0.002897756 m-K
constant
kg k/q 0.00008617386 J/(K-C)
e0q c0/q 55263469.6 F/(m-C)
qe0 q*e0 1.4185979E—-30 F-C/m
€st Dielectric constant 11.9
€0X Si05 dielectric constant 3.9
10 Reference intensity 0.000000000001 W /m?

To view the Constants Library:
@ Press («)(EQ LIB) L IE DOHLIT.

To view the value of a particular constant in full:

1. While viewing the Constants Library, move the highlight to the
desired constant. You may either use the (&) and (¥) arrow keys or
press (a) followed by the first character of the constant.

2. Press ¥HLUE and UHITE (if necessary) so that the m is displayed
in the menu label in order to display the numerical value and units
of the constant.

3. Press (ENTER). If the constant value is too long to be fully
displayed in a single line, then you will see it displayed more fully
on a screen by itself.
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To put a constant from the library on the stack:

1. Press (&q)(EQ LIB) GilL 1B LML I to open up the Constants
Library.

2. Move the highlight to the desired constant.

3. Optional: If you want the units included be sure that the = is
showing in the HHITE label.

4. Press =27k  HUIT .

To include a constant in an algebraic expression:

1. Begin entering the algebraic into the command line.

2. Press (+)(EQ LIB) 0L IE DOHET. You will see L
mnto the algebraic.

3. Type in the symbol for the constant. Note that the value returned
by the CONST function may or may not include units depending
on how you have currently set LETT5.

=T entered

Minehunt Game

The Minehunt game is a battlefield adventure. You start at the
upper-left corner of an 8 x 16 battlefield grid. Your mission is to
travel safely to the lower-right corner, avoiding invisible mines along
the way. The game tells you how many mines are under the eight
squares adjacent to your position.

To play Minehunt:
m Press ()(EQLIB)LITILE MIHE

MEAR 0 MIMEZ SCORE: 1

=

| HZCIMZHT [
}SZCImzZHE ¥

g Use the number keys or arrow keys to move. The “corner” number
keys allow you to move diagonally. Exit at any time by pressing

(CANGED).
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User-Defined Units

The Equation Library provides four user-defined units: “gmol”
(gram-moles, mol), “lbmol” (pound-moles, approximately 454

mol), “rpm” (revolutions per minute, 1/min), and “dB” (decibels,
dimensionless). You can use their menu keys as typing aids. To fully
use these units, add them to the custom menu. (User-defined units are
described on page 10-14.)

Example: Put the Equation Library units in a custom menu.

Step 1:  Enter this list of unit objects (one for each unit):

1 mmol 1o lbmol i

@) @ETE) LTILS

Step 2: Store this in the custom menu and display the menu.
(Custom menus are described on page 30-1.)

(@ EODED) HE

You get the custom menu at any time by pressing (CST). The following
examples show how to use the user-defined units in the custom menu:

® Press il to add units to the number you’re entering or to
append units to the unit numerator of the object in level 1.

m Press ((») GH0L to append units to the unit denominator of the
object in level 1.

g Press (e} &

to convert the unit object in level 1 to “gmol.”
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Using the Clock (Date and Time)

When you display the clock, it appears in the upper-right corner of the
display. It shows the current date and time in your choice of formats,
shown in the table below. The formats also determine the way you
enter dates and times in the command line. The following table
illustrates how the clock shows 4:31:04 PM on February 21, 1994.

Clock Display Format Number Form
Date:
Month/day/year format 2.211994
Day.month.year format Z21.8219%
12-hour format 18,5164
24-hour format 16,3164

To display the date and time:
1. Press (¢»)(MODES).

2. Move the highlight to the TL.OCK field and press (witHE . to put a

check-mark in the field.
3. Press . E
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To change the date or time:

1.

Press ()(TIME) (&) [k to open the SET T1
dialog.

% SET TIME AMD DATE

ne: @) 45:27 AM
DATE: 4 /38 2 MDY

EWTER HOUR
LEDFTlenons]. 0 JEAMEL] ok |

. Highlight the hours field and type the hour, minutes and seconds,

pressing (ENTER) after each.

. Optional. If you want the clock to report the time using 24-hour

format, press until Z4-ke is displayed.

Highlight the first date field and type the day, month and year in
their respective fields, pressing after each. The year can be
from 1991 through 2090.

. Optional. If you want the clock to report the date using

day-month-year format, press until &, #. ¥ is displayed.
Press i to confirm the changes and return to the stack.

Setting Alarms

You can set two types of alarms, which perform different actions when
they come due:

Appointment alarm. This displays the message you specified when
you set the alarm. It also sounds a sequence of beeps for about 15
seconds—or until you press a key. You're expected to acknowledge
an appointment alarm after it comes due.

Control alarm. This executes the program or other object you
specified when you set the alarm—mno other action occurs. You don’t
acknowledge a control alarm.

When you set an alarm, it’s saved in the system alarm list, where it
can be reviewed and edited (“browsed”) later.
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To set an appointment alarm:

1.

6.

. Highlight the REE

Press ()(TIME) (W) ik to open the ZET ALARHM dialog.

MESSAGE:
TIME: 9:31:88 AM
DATE: {1+ 2094
REPERT:  Mone

EMTER "MESSAGE" OR € ACTIOW 3
(=0 e [T, T T

. Press (@)("_7), type in the message you want displayed when the

alarm comes due and press (ENTER).

. Enter the time (hours, minutes, seconds) and the format (ki PR,

or Zd-ky) of the alarm.

Enter the date of the alarm. It is shown in the current date format
(either ., ¥ or MoTny).

EEAT field and enter the number and period of the
repeat interval. For example, press 15 (@)D to enter 1%
[:zmu= as the repeat interval. Press for a non-repeating
alarm.

Press i to set the alarm and return to the stack.

To set a control alarm:

. Press (@)(TIME) (W)  ©i#  to open the ZET ALARM dialog.

. Enter the program or other object you wish to execute when the

alarm comes due into the G field.

Enter the time and date for the alarm.

Highlight the REFEAT field and enter the number and period of the
repeat interval. Press 0 for a non-repeating alarm.

Press =ik to set the alarm.
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Responding to Alarms

When an appointment alarm comes due, the () annunciator turns
on, the beeper sounds at short intervals for about 15 seconds, and the
alarm message is displayed. If you press a key during the beeps, the
alarm is acknowledged, and the current appointment is deleted.

If you don’t acknowledge an alarm during the beeps, the beeper stops
and the message is cleared from the display. A repeating alarm is
normally automatically rescheduled. A nonrepeating alarm becomes
“past due,” but not deleted—the (<) annunciator remains on to show
you have a past-due alarm to respond to.

If you have several past-due alarms, you can view them by pressing
(@)IME) ik . Press FUEG to delete an alarm. Each time you
press (&)(TIME) FLEM  ACE | the oldest past-due alarm is deleted.
The () annunciator turns off when no past-due alarms remain.

To respond to an appointment alarm:
® While the alarm ig beeping, press any key, such as (CANCEL).

or

m After the beeping stops, the message appears. Press («9)(TIME)
ALEM  ACE . (You can then press to return to the
stack.)

To respond to a control alarm:

& Do nothing. You don’t acknowledge a control alarm when it comes
due—it’s automatically considered to be acknowledged. When a
control alarm comes due, a copy of the alarm indez is returned to
level 1, then the specified object is executed. The alarm index is a
real number that identifies the alarm based on its chronological
order in the system alarm list—you can use it with programmable
alarm commands (described in the HP 48G Series Advanced User’s
Reference).

To acknowledge all past-due alarms at once:

u Press ()(TIME) ALAR ROEA .

It’s possible for a repeating alarm to have a short enough repeat
interval that it reschedules and executes faster than you can delete it

from the alarm list. This may occur if you mistakenly set a repeating
appointment alarm for a very short interval. It may also occur in the
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case of a control alarm that executes a program to take measurements
at short intervals.

To recover from a short-interval repeating alarm:

m Press the and (@) keys simultaneously, then release them. This
keystroke sets a state in the calculator that cancels the rescheduling
of the nexrt due alarm (presumably the short-interval repeat alarm).
When that alarm comes due—or when you press the next key—
the special “no-reschedule” state of the calculator is canceled so
future alarms aren’t affected. Because pressing a key cancels the
“po-reschedule” state, you should wait until the alarm comes due
before pressing any keys.

To save or not save non-repeating alarms you acknowledge:

s To delete alarms when they’re acknowledged, press 44
(«)(MODES) FLAG  CF . This is the default setting. All
control alarms (nonrepeating or repeating) that come due are always
saved in the system alarm list, regardless of the setting of Flag —44.

g To save alarms when they're acknowledged, press 44
(«)(MODES) FLAG  =F . Past-due occurrences of repeating

alarms are not saved.

Viewing and Editing Alarms

To view, edit, or delete an alarm:
@ Open the Brouwss alarms. .. dialog box. (@)(TME) oK All

existing alarms are displayed.
m To edit an alarm, highlight the alarm you want to edit and press
ELLT.
s To delete an alarm, highlight the alarm you want to delete and press
FLRED

Use HEM  to create multiple alarms (after you create an alarm you
return to the ALARMS dialog).
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To change the way repeating alarms work:
e To automatlcally delete and reschedule them, press 43

(S@ODES) F

& To make them past due and not reschedule them, press 43 (3/2)

(SD(MODES) FLAs  SF
To control the alarm beeper:
® Fo enable the alarm beeper, press 57 (3/2) (+)(MODES) FL #i:

] To suppress the alarm beeper, press 57 (&)(MODES) FiLfk

g
o
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Transmitting and Printing Data

Transferring Data Between Two HP 48s

To transfer objects from one HP 48 to another:

1. Line up the infrared ports by lining up the a marks (near the
Hewlett-Packard logo just above the display). The calculators
should be no farther apart than 2 inches.

O
J

ouwMave
LLF1AIH

[ 2]

-
DOoO000
v
A
Y
A

|

2. Receiver.
a. Change to the directory where the objects are to be stored.

b. Press (E)-

c. Select i = from the menu and press . ZE
3. Sender.
a. Press (;2)(1/0)
b. Select % .. .. from the menu and press ik

c. Press 4 and select the names of the objects to be
transferred into the HAME field. Press .7 0

d. Press :

Transmitting and Printing Data  27-1
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Printing

With certain exceptions, printing commands print objects according to
these guidelines:

m An object is printed with its delimiters.

® An object that doesn’t fit in one line of output continues on the
following lines.

® An array object is printed in expanded form.

When you print an array in expanded form, each row and column is
labeled. For example, the 2 x 3 array

1 2 3
4 5 6
is printed like this:

Arragy £ 2 3 X <« Array dimensions

Row number —» Row 1
11 1

Column number ’1 2] 2
31 B

Row 2
11 4
21 3
3] &

& A graphics object is printed in its stack form.

You can perform any printing operation with any compatible printer—
with these exceptions:

m Special characters in the HP 48 character set may not print properly
on a serial printer.

® You can’t print a graphics object or the display on a serial printer.
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Setting Up the Printer

To set up the HP 822408 infrared printer:

1. Place the HP 48 and the printer on a flat surface. Aim the A
(near the Hewlett-Packard logo just above the display) toward
the window on the printer. Keep them within 18 inches (45
centimeters).

2. Press 34 ()(MODES) FLHEz  ©F  to make sure flag —34
is clear (its default state).
3. If you previously pressed fi.[:FE for any reason, reset the variable

PRTPAR—press («)([0) FRIHT FRTFH RESET.

To set up a serial printer:

1. Connect the 9-pin end of an HP 48 serial cable to the serial printer.
If necessary, use a 9-pin to 25-pin adapter.

2. Keep the HP logo on the 4-pin connector facing up, then plug the
cable into the HP 48. You should feel it lightly snap into place.

3. If your printer uses XON/XOFF handshaking: Press («9)(1/0)

SERLIA ORERT Ll CLOSE to create JOPAR. Then press
() 10F#E («)(EDM) and change the fourth number to 1—
for example, £ HEHE 65 1 3 1 > Press (ENTER) (&) TOFHRE.

4. If your printer requires an end-of-line sequence other than
carriage-return/line-feed, press («)(i/0) FR1  to create
PRTPAR), then edit the end-of-line parameter (the fourth element
in the PRTPAR list).

Printing Tasks

To print an object via infrared:

1. Be sure that the printer is setup properly and turned on.

2. Press @)/ M) Gk to open the FRIMT form.
3. If necessary, press (&) to change the communications port to

_ .
LrvE raEred,
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OEJECT:
—DBL-SPHCE DELAY: 1.8 & LINEF

CHOUSE FRIMT PORT
T R e I (T

The Infrared PRINT Screen

4. Press &HZ move the highlight to a variable you wish to print

and press

5. Optional: Adjust any of the printing parameters that you wish.

‘BL-SFRCE Put a check-mark to produce double-spaced output.

k! Enter the number of seconds (cannot be more

than 6.9) the HP 48 waits between sending lines
of information to an infrared printer. To optimize
printing efficiency, set the delay just longer than
the time the printhead requires to print one line of
information (default is 1.8 seconds).

L THE Normally {check-mark on), each print command
completes data transmission by automatically
executing the CR (carriage right) command, which
tells the printer to print the data currently in its
buffer and leave the print head at the right end
of the print line. Alternatively (check-mark off),
you can suppress the automatic CR command
and accumulate several print commands in the
print buffer, which are then printed only when you
manually execute CR ((«)(I/O) ERINT R ).

6. Press FEIHT.

To print a variable via the Serial Interface cabie;

1. Be sure that the printer is set up properly and that the cable is
properly connected.

2. Press (2)([/O) (W) (V) (¥) . L& to open the FRIMT form.
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PORT:
OEJECT:

_DEL-SPACE BLRAT: Mewl #LIMEF
Ealk:95AE PariTV:Mome LEM:SH

ENTER OBEJECT(S) TO PRINT
Epirleanns]l ] 0] PRINT

The Wire PRINT Screen

Wire

3. If necessary, press (&) to change the communications port to

Bire,
4. Press ZH! move the highlight to a variable you wish to print
and press
5. Optional: Adjust any of the printing parameters that you wish.
LEL-SPRCE Put a check-mark to produce double-spaced
output.
HLATE Choose which of four different character

translation options you wish to use. See page
27-15 for more details about these options.
LIHEF Normally (check-mark on), each print
command completes data transmission by
automatically executing the CR (carriage right)
command, which tells the printer to do a 27
carriage-return/line-feed. Then the printer prints
the data currently in its buffer. Alternatively
(check-mark off ), you can suppress the automatic
CR command and accumulate several print
commands in the print buffer, which are then
printed only when you manually execute CR
(@@ FRINT ~ER ).
Enter or choose the transfer speed. The printer
and HP 48 must have the same setting.
Enter or choose the parity setting for the transfer.
The printer and HP 48 must have the same
setting.
LEH Enter the printer’s line length (in characters).
6. Press
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To print the object in level 1:

. Be sure that printer and HP 48 are properly set up for printing.
. If the port and print parameters are set properly, press (=[/0)

FRI

. If you need to change the port and print parameters, then:

a. Press (@)(/0)(M ™M™ ok

b. Press CHLD 2k to enter the object on level 1 of the
stack.

c. Set the port and print parameters as necessary (see the previous
two procedures for more details).

d. Press FRIHNT.

To print the current display image:

1.

Be sure that printer and HP 48 are properly set up for printing.

2. Press ()({/0)(¥M)(¥) ok . The display you see after pressing

ik is the display that was printed. (If the printing does not
occur, you may need to change the communications port or other
print parameters and try again.)

. If you cannot select Frirmt dizplay without changing or altering

the display you wish to print, prepare the display the way you wish
and press and hold down (ON), press and release (1), and release
(oN).

To print ail objects on the stack:
8 Press ()(I/O) FEINT PRET

To print a group of variables:

1.

Set the port and print parameters as needed.

2. Put the list of variables on level 1 of the stack.

3.

Press (\9)(1/0) FEIHT FREWAF. Both the name and contents of
each variable will be printed.
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Transferring Data Between the HP 48 and a
Computer

Preparing the Computer and the HP 48

Use a Serial Interface Cable to connect the HP 48 and the computer.
The cable is included with the Serial Interface Kit, available from

Hewlett-Packard. (For information about these products, see your HP
dealer.)

To connect a computer and HP 48:

1. Connect the computer end of the serial cable to the serial port on
the computer. If necessary, use a connector adapter. (The following
diagram shows the wiring used by the PC version of the Serial
Interface Cable and its adapter. If you need more information,
consult your computer documentation.)

l'b'o'
r—'] 25 —pin
Al

9 —pin
5 GND |5 —7
3 > 3« 2
> BX 23
SHIELD — 1

Serial Interface Cable and Adapter (PC Version)
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2. Keep the HP logo on the 4-pin connector facing up, then plug the
cable into the HP 48. You should feel it lightly snap into place.

Not quite flush

To set up for HP 48-to-computer transfers:

1. Make sure that the serial cable is properly connected to the
computer and to the HP 48.
2. HP 48. Press (¢»)(1/0) (&) (&) T%  to view the TH

EF form.

£ TRANSFE 3
e TYPE: Kermit

PORT: Wi
NAME:

FMT: HSC  SBLAT: Mewl CHE: 2
EAUD: ISEA PaRIT:None . OVRM

EMTER WAMES OF VARS TD TRAMSFER
_EOTJeHn0:] 2| REEN [KSET] 2END]

The Wire TRANSFER Screen

3. HP 48 Set the I/O parameters:

BORT: Select the communications port (usually i for
transfers between the HP 48 and a computer).

TYFES: Select the transfer protocol, either Kermit or
Aioder.

Select the transfer format, either ASCII or Binary
(only available for Kermit).

-
=
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Select one of four character translation options
(only available for Kermit). See page 27-15 for
more details.

Select one of three error detection protocols (only
available for Kermit).

Enter or choose the transfer speed. The setting
must match that of the computer.

s Enter or choose the transfer parity (only available
for Kermit). The setting must match that of the
computer.

Put a check-mark here if you want received
objects to overwrite objects with the same name.
When unchecked, name conflicts are resolved by
adding number extensions to the incoming object.

Using Kermit

By default, the HP 48 uses Kermat file transfer protocol to transfer
data and to correct transmission errors. The HP 48 also provides
commands for XMODEM and other non-Kermit serial data transfers,
such as sending data to a serial printer or instrument. Kermit protocol
was developed at the Columbia University Center for Computing
Activities and is available for many computers.

Transferring Variables with Kermit

To transfer data to and from a computer using Kermit, the computer
must be running a program that has Kermit protocol. If you want
additional information on Kermit protocol, the following bocks are
available or can be ordered in many bookstores: Using MS-DOS
Kermit by Christine M. Gianone, Digital Press, 1990, and KERMIT,
A File Transfer Protocol by Frank da Cruz, Digital Press, 1987.

To wransfer variables from the HP 48 to a computer:

1. Computer. Change to the directory where the objects are to be
stored.

2. Computer. Run the program that has Kermit. Set the transfer
format to Binary or ASCII to match the current HP 48 setting.
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- HP 48. Terminate server mode by pressing ()(1/0) &

Binary is much faster, but if you want to edit objects on the
computer use ASCII.

Computer. Execute the Kermit command to make it the server,
such as SERVER.

- HP 48. Press (22)(I/0) A) (&) 0k

HP 48. Enter or choose the names of the HP 48 variable or
variables to be transferred. Press HIIE & £iE to browse the
current directory, put a check-mark next to each variable you wish
to transfer to the computer. If necessary, move to a different
directory to choose variables (although you may only transfer
variables from a single directory at a time). Press ik  to enter
the list of names in the TRAMEFER form.

HP 48. Make sure that the I/O parameters are properly set up for
the transfer (see page 27-8 for details).

HP 48. Press SEHD .

EIHIZ

To transfer files from a computer to the HP 48 using the HP 48:

1.

<o

5.

Computer. Run the program that has Kermit. Set the transfer
format to Binary or ASCII to match the current HP 48 setting.

. Computer. Execute the Kermit command to make it the server,

such as SERVER.

. HP 48. Press (@)([/O) (A) (@A) ik

HP 48. Press CHE (W) O to bring up a listing of the
computer’s current directory. (Note that this will only work for
PC-compatible computers.) Select the files you wish to transfer

by placing check-marks next to their names. You may switch
directories by pressing CHII%, just as with the Variable Browser,
if the files are located in another directory. Press @ ik’ after

all files are selected to return the list to the HARME: field in the
TEAMNZFER form.

HP 48. Make sure that the I/O parameters are properly set up for
the transfer (see page 27-8 for details).

. HP 48. Press HGET .
- HP 48. Terminate server mode by pressing (q)(1/0) &F

Fidis
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To transfer a file to the HP 48 from a computer using the computer:

1. Computer. Change to the directory where the files are to be stored.

Computer. Run the program that has Kermit.

HP 48. Press (#)(/O) (&) (&) 1K

HP 48. Make sure that the I/O parameters are properly set up for

the transfer (see page 27-8 for details).

HP 48. Press RELA

6. Computer. Execute the Kermit command to send the file, such as

SEND file.

7. Optional: To transfer additional files, repeat steps 5 and 6.

8. Computer. To end the session, execute the Kermit command to
shut down the server, such as FINISH.

Ll S

(24

Choosing and Using File Names

The naming conventions for computer files are different from those for
HP 48 variables.

When the HP 48 receives a file from a computer, certain difficulties
may arise due to the computer file name.

m If the file name contains characters not allowed in a variable name
(such as FE# or {AECT), the HP 48 terminates the transfer and
sends an error message to the computer.

m If the file name matches a built-in command (such as SIH or BUF),

the HP 48 appends a number extension to the name (such as
STH. 1).

e If the name matches a variable name in the current directory and
flag —36 is clear (to protect existing variables), a number extension
is added to the name (such as HAME. 1).

When the HP 48 sends a variable to a computer, its name may be
incompatible with the naming conventions of the computer software.
Transferring such a file can result in a transfer error. (You can avoid
this problem by renaming the variable before sending it.)
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Backing Up HP 48 Memory

You can back up and restore the contents of the entire HOME
directory in a file on your computer. The HOME directory includes all
variables, user key assignments, and alarms. You can also include all
flag settings if you want.

The following steps assume you’ve prepared the computer and HP 48
for data transfer—see “Preparing the Computer and HP 48” on page
27-7.

To back up all user memory o a computer file:

Caution While backing up memory, make sure the ticking
clock is not in the display. If the clock is in the
display, it may corrupt the backup data.

1. Computer. Execute the Kermit command to set up binary transfer,
if available.

2. Compauter. Execute the Kermit command to make it the server,
such as SERVER.

3. HP 48. Optional: To back up flag settings too, press (¢9)(MODES)
FLAG RILE ., enter a flag-variable name (with *
delimiters), and press (STO).

4. HP 48. Enter the tagged object : I{1: name on the stack, where
name is the name of the file to be created on the computer.

5. HP 48. Press («q}(MEMORY) BROHT.

. HP 48. To end the session, press (49}(I/0) SEYE FIHIA.

7. HP 48. Optional: To conserve battery power, press («9)(1/0)

CLORE.

jen}

ARCHIVE always uses binary transfer, regardless of the
ASCI/Binary setting on the HP 48.

Caution Use the RESTORE command with care; restoring
backed up user memory completely erases current
user memory and replaces it with the backup copy.
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To restore HP 48 user memory from a computer file

1. Transfer the computer file to an HP 48 variable using one of the
data transfer methods discussed above. Make sure that the transfer
mode is Binary.

2. HP 48. Enter the received variable name (with * delimiters) onto

the stack and press (¢) (RCL) to recall the backup object.

HP 48. Press (¢)(MEMORY) (NXT) 0.

4. HP 48. Optional: To restore flag settings previously sav red, enter
the flag-variable name (with ' delimiters), press (#)(RCL), and
press (49)(MODES) FLHE BROE.

Example: To back up memory into a file named AUGI, enter the
tagged object & IfEFLIGL as the backup name. Then, if
you later retrieve this data to the HP 48, you can enter
‘FG1 and press (p2)(RCL) to get Ezchup HOMEDRIR on
the stack—ready for the RESTORE command.

[N

Sending Kermit Commands

You can use an HP 48 to send Kermit commands to a Kermit server—
another HP 48 or a computer. If the HP 48 is a server, you can send
Kermit commands to it (although it only responds to GET (KGET)
SEND, REMOTE DIR, REMOTE HOST, FINISH, and LOGOUT).
The following steps assume the receiving device is already set up as a
server.

To send a Kermit command from an HP 48:

1. Enter the command as a string (with ¥ * delimiters).
2. Enter the packet type as a string (with * " delimiters).

3. Press (&)(i/0) ERY¥E  FET
The server sends one of the following responses to the PKT command:
8 An acknowledging message. The reply to the packet 1s returned as

a string to level 1-—an empty string is returned if no response is
appropriate.

@ An error packet. The HP 48 briefly displays the contents of the
error packet. To retrieve it, press (4)(1/0) RERRE .

Example: To request a directory listing, enter "I:" and "i&"
press FiT . The directory is returned as a string.

and
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Using XMODEM

The XMODEM protocol built into the HP 48 doesn’t perform any
CRC checking, but it will work with a computer-based XMODEM
program that does. In this situation, you may have to wait a few

moments before the computer’s program gives up trying to perform
CRC checking and reverts to plain XMODEM.

To transfer a variable to a computer using XMODEM:

1. HP 48. Press ()(I/0) @) (&) K  to open the TRERHSFER form.

2. HP 48. Set the port to Hire, the type to AMaodem, and make sure
the baud rate matches that of the computer.

3. HP 48. Highlight the MAME: field, press CHOME to select a
variable, and enter it.

4. Computer. If necessary, move to the directory where the variable is
to be stored, start the XMODEM program and select Receive.

5. Computer. Enter the filename, and start Receive.

6. HP 48. Press SEHD .

To transfer a variable from a computer using XMODE M:

1. Computer. Move to the directory where the variable is stored.

2. Computer. Start the XMODEM program.

3. HP 48. Move to the directory where you want to put the incoming
variable and then press (£)(I/0) (&) (&) @ to open the
TEAMSFER form.

4. HP 48. Set the port to kire, the type to #Mmdem, and make sure
the baud rate matches that of the computer.

5. HP 48. Type in a name for the variable to be received. Put a
check-mark in the 0%Fl field if you want to overwrite a variable
with the same name.

6. HP 48. Press EEDW .

7. Computer. Start Send.
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Using Other Serial Protocols

You can send and receive data and commands with serial devices that
don’t use Kermit protocol, such as serial printers and instruments.
You do this using the general-purpose serial I/O commands.

To review the current HP 48 1/0 parameters:

& Press @- (1/0) ToEsEE. If the parameters aren’t displayed, press
THED .

To change HP 48 [JO paramelers:

1. Type in -58 and press (¢9)(MODES) FLHAGE :F . This makes
the current settings visible while you change them.

2. Press (&y)(1/0) ILFAR

3. Change the desired parameter or parameters as follows:

@ Press IR #8 to select IR or Mire as the current
communications port.

m Type in either 1285, 2405, 45886, or #4848 and press -BEAUD to
select the current transfer speed.

m Type in either 1 (odd), & (even), & (mark), 4 (space), or @
(none) and press FARIT to select the current parity setting.
Optionally, you may enter the negative of any of these options if
you wish to use the parity setting only to transmit and disable
parity-checking on receive.

m If you are using ASCII transfer or printing, type in the number
of the translation option you desire (see table below) and press

TEAH . In the following table, “10 — 10,13” would be read
“charactel 10 is translated into characters 10 and 13.” Selecting
0 means you do not want any translation.
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Summary of ASCII Data Translation Options

Option 1

Option 2

Option 3

Data Sent by HP 48

10 — 10,13

10 — 10,13
12_8 — trans

159 — trans

10 — 10,13

128 — trans

255 — trans

Data Received by HP 48

10,13 — 10 10,13 — 10 10,13 — 10
trans — char

~EEE — char

trans — char
“EBEE — char

~15% — char ~ 255 — char

ASCII Character Translations (Character Codes 128-255)

HP 48 | HP48 | Trans | | HP 48 | HP 48 | Trans | | HP 48 | HP 48 | Trans
Code | Char Code | Char Code | Char

128 P i 142 # - 156 i R

129 = R 143 & fug 157 03 Gk
130 W o 144 - “ i 158 B =L
e S 146 50 171

132 g &
133 Z <5 147 &
134 B O B 148 W
135 i g 149 g
136 = oo 150 ¥4
137 = o 151 F
138 & B 152 o
139 = 153 7
140 =i 154 b

141 i 155 & RnE

176 H R
181 u RN
187 _—
215 i e
216 15 i
223 £ G
247 - -
nnn | other | ~nnn

R R By O v Wy

]
4o

i
R e

wr o i
oo

£y oo

IR ol 11

27-16 Transmitting and Printing Data




To transfer serial data with a non-Kermit serial device:

1. Press (&)(i70) 1 0FFE and set up the I/O parameters to match the
serial device. If necessary, press ' i to see the current
settings.

2. If the serial device uses receive or transmit pacing (XON/XOFF
signals) during transfers, press IUFAR (&)(EDIT):

@ To receive data using pacing, change the third number to 1.
& To send data using pacmg, change the fourth number to 1 for
example, . Pless C)ioear

3. Optional: Press NXT) Sk #1 to open the HP 48
serial port. (This step isn’t necessary for most connections, but it
prevents difficulties caused by the inability of certain devices to
communicate with a closed port.)

4. To send or receive serial data or commands, use the I/O menu keys
for the desired operations-—see the table below.
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The 1/O Menu—Serial I/0 Commands

Programmable
Command

Description

SEEE

SRECV

STIME

SBRK

Sends the string in level 1 without
Kermit protocol. After the entire string
is sent, 1 is returned to level 1. If the
entire string failed to transmit, 0 is
returned to level 1 and the unsent part
of the input string is returned to level
2—execute ERRM to see the error
message.

Receives the number of characters
specified in level 1. For a successful
transfer, the characters are returned to
level 2 as a string, and 1 is returned to
level 1. For an unsuccessful transfer, an
empty or incomplete string is returned
to level 2, and 0 is returned to level 1—
execute ERRM to return the error
message. (An unsuccessful transfer
occurs if the characters contain a parity
error, framing error, or overrun error, or
if fewer than the specified number of
characters are received before the
timeout period expires, 10 seconds by
default.) Characters are taken from the
input buffer—mno waiting occurs if you
specify the number of characters in the
buffer, which is returned by BiFLE.
Sets the serial transmit/receive timeout
to the number of seconds specified in
level 1. The timeout value can be from
0 to 25.4 seconds. If you specify 0, the
HP 48 waits indefinitely, which could
result in excessive battery drain.

Sends a serial BREAK signal.
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The 1/O Menu—Serial I/O Commands (continued)

Key Programmable Description
Command
BEUELE BUFLEN Returns the number of characters in the

input buffer to level 2, and the error
status to level 1 {1=no framing error or
UART overrun, or O=framing error or
UART overrun). If 0 is returned to level
1, the number of characters returned to
level 2 represents the part of the data
received before the error—you can use 1t
to determine where the error occurred.

Note Although XMIT, SRECV, and BUFLEN check

the send and receive mechanisms, the integrity of
the data isn’t checked. One method to check the
integrity of data transmission is for the sending
device to append a checksum to the end of the data
being sent, and for the receiving device to verify the
checksum.

OPENIO, XMIT, SRECV, and SBRK automatically open the
IR/serial port using the current values of the first four JOPAR
parameters (baud, parity, receive pacing, and transmit pacing) and the
current IR/wire setting (set using 1E. i in the I/O SETUP menu).
If you open the port, the input buffer can receive incoming data (up to
255 characters), even before you execute SRECV.
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Libraries, Ports and Plug-In Cards

Port Memory and Plug-In Card Slots

Port memory, also referred to as independent memory, is structured
differently than user memory:

& User memory can be subdivided into directories; port memory
cannot.

m Variables (global) in user memory are active and can move around
physically in memory. Variables (port) in port memory are inactive
and maintain a consistent physical location in memory.

Port memory contains two kinds of objects:

g Backup objects. Backup objects are regular objects converted to an
“inactive” form suitable for port memory.

m Libraries. Libraries are collections of named objects that act to 28
extend the built-in command set. They must be stored in port
memory and attached to a user directory in order to be usable. You
can ezecute a named object from a library but not view or edi it,
much as you can use a built-in command, but not edit it.

To display the menu of objects stored in a port:

L. Press (@)UERARY)

2. Press the menu key assoc1ated with the port you wish to view.

To display the menu of libraries accessible from the current
directory:

s Press () (BRARY)
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Port 0

Port 0 is the only port memory available on all HP 48s. The memory
for port 0 is taken out of user memory—so objects stored in port 0
decrease the amount of user memory available. The size of port 0 is
dynamic—it grows and shrinks to accommodate its contents. This
diagram shows port 0 taking memory as necessary from user memory.

/ — o
B e B N e TV e
User | 0:NUM1 STO
memory L - B
L Port0 | O:NUMT 0:NUM1 |

If you don’t have or don’t want to use plug-in cards, you can use port
0 for storing backup objects and library objects.

Card Slot 1

The HP 48GX has two card slots. These card slots are not identical.
Card Slot 1 can accept a plug-in card no larger than 128 KBytes. Any
RAM memory on a card plugged into Card Slot 1 can be merged

with built-in user memory to expand the amount of active memory
available or it can remain as regular port memory. Card Slot 1 is
identical to the card slots available on its predecessor, the HP 485X.
When port memory is used in Card Slot 1, it is designated as Port 1.
The cards plugged into Card Slot 1 can be either RAM or ROM.

Card Slot 2

Card Slot 2 can contain a plug-in card up to 4 MBytes in capacity.
(This translates into 4096 KBytes, of which only 3968 are accessible.)
RAM memory on a card plugged into Card Slot 2 cannoi be merged
with built-in user memory. Instead, the port memory offered in Card
Slot 2 1s divided into distinct ports of 128 KBytes each. Thus, a
1-MByte plug-in card offers Ports 2 through 9, each containing up to
128 KBytes of backup objects and libraries. A 4-MByte plug-in card
offers Ports 2 through 32. The cards plugged into Card Slot 2 can be
either RAM or ROM.
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Using Backup Objects

The HP 48 uses a special object type, the backup object, to store
backup data. A backup object contains another object, its name, and
its checksum.

Backup objects can exist only in port memory:

s Port 0.

m Port 1 if it contains RAM cards set up as port memory (that is, not
merged). When you first install a card, it’s set up as port memory.
(Port 1 doesn’t exist in the HP 48G.)

s Ports 2 through 32 if they exist. (They don’t exist in the HP 48G).

To back up an object onto a card:

1. Put the object on the stack.
2. Enter a backup identifier for the backup object to create
below.

3. Press (STO).

4. Optional: Purge the original object in user memory.

see

The STO command creates the backup copy using the port and name
specified by the backup identifier—it has the form

i portiname

where port is the port number (0 through 32), and name is the name
where the backup copy is stored. If you use port 1, it must not be
merged with user memory. The name of the backup object can be
different from the original name.

You can back up an entire directory (and its subdirectories) in one
backup object by putting the directory object on the stack and
making a backup copy.

To recall a port object to the stack:

a Display the appropriate PORT menu, then press (@) and the menu
key for the object.
or

e Enter the backup identifier for the backup object and press

®ED
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To evaluate a backup object:

m Display the appropriate PORT menu, then press the menu key for
the object.
or

m Enter the backup identifier for the backup object and press (EVAL).

To evaluate several backup objects in a row, enter a list (with £
delimiters) containing the backup identifiers, then press for each
backup object.

To delete a backup object:

m Enter the backup identifier for the backup object and press
(®)(PURG). You can’t delete a backup object that you recalled to
the stack—you get the Okject in Usze message. If you delete the
object from the stack or store the object in a variable, then you can
delete the backup object.

To purge several backup objects simultaneously:

1. Enter a list (with £ * delimiters) containing the backup identifiers.

2. Press () (PURG).

To search all ports for a backup object:

1. Enter the backup identifier for the object—ezcept use & for the port
number. (Press (o) (&9)(ENTER) to type %.)

2. Execute RCL, EVAL, or PURGE. Whenever you use the &
“wildcard” character for the port number, the HP 48 searches ports
in reverse numerical order beginning with the highest available (32,
3L, ... ,2,1,0) and then main memory for the backup object—it
uses the first occurrence of the name.

Example:  If you enter :#:EFz1 and press (49)(PURG), you delete the
first occurrence of BPGI in port 32, 31, ... , 2, 1, 0, or
main memory.

To get a list of backup objects in a port:

w Enter the port number and press (¢q)(LIBRARY) FiFiRE. The
PVARS command actually returns two results. Level 1 indicates the
type of memory contained in the port: "Ei* (application card),
"EYERAMY (merged memory), or a number (the number of available
bytes in user memory for port 0, or in the port’s independent
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memory for another port). Level 2 contains a list of backup
identifiers and library identifiers.

To copy backup objects from a card into another HP 48:

1. Turn off the HP 48 and install the card—see “Installing and
Removing Plug-In Cards” on page 28-9.

2. Turn on the HP 48.

3. Recall the object to the stack—see “To recall a port object to the
stack” on page 28-3.

You can also transfer objects between two HP 48s using their infrared
ports—see “Transferring Data between Two HP 48s” on page 27-1.

Backing Up All Memory

You can back up and restore the contents of the entire HOME
directory in a backup object. The HOME directory includes all
variables, user key assignments, and alarms. You can also include all
flag settings if you want.

You can also back up memory in a computer file. See “Backing Up
HP 48 Memory” on page 27-12.

Caution While backing up memory, make sure the ticking
clock is not in the display. If the clock is in the
w display, it may corrupt the backup data.

To back up all of user memory in a backup object:

1. Optional: To back up flags settings too, press (&q)(MODES) FL.Hi
BILF- enter a variable name (Wlth delimiters), and press

2. Entel a backup specifier for the backup object to create.
3. Press () (MEMORY) (NXT) RFRCHI .

ARCHIVE backs up only user memory—it does not back up
independent memory.
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Caution Executing RESTORE overwrites the entire contents
of user memory with the contents of the backup
object. To save the stack, you can save it in another
backup object.

To restore HP 48 user memory from a backup object:

L. Enter the backup object’s identifier (with ¢ delimiters) onto the
stack. (Remember the name includes a port number.)

2. Press («)(MEMORY) BE

3. Optional: To restore flag settings previously saved, recall the
contents of the variable containing the flag data and press

(«)(MODES) FLEL STOFE

Using Libraries

A Bibrary is an object that contains named objects that can act

as extensions to the built-in command set. The primary use of a
library is to serve as a vehicle for a ROM- or RAM-based application.
A ROM-based library resides in a plug-in application card and is
installed by inserting the card into one of the card slots. (The HP 48G
has no plug-in card slots.) A RAM-based library can reside in a
plug-in RAM card, or it can be transferred into user memory from

the infrared or serial I/O port. (See the library’s documentation for
details).

Caution Libraries originally designed for use with the older
HP 485 and HP 485X models may not be compatible
with the HP 48G and HP 48GX. Loss of memory
may occur. You should backup your user memory
(see page 28-5) before attempting to use such
libraries. Contact the vendor or author of the library
for more details about compatibility.

Libraries offer several advantages over programs:

® Applications you write are protected from copying because the
contents of a library can’t be viewed, edited, or recalled to the stack.
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m Libraries offer faster access to the variables used by applications.
® You can designate variables used in applications as “hidden”
(unnamed) variables, which avoids cluttering the library’s menu.

Each library is identified two ways:

m A library identifier, which has the form : port: number, where
number is a unique number associated with the library. If you press
(«)(LBRARY) FORETZ and the menu key for the port where you

stored the library, the library number appears in the menu.

® A library name, which is a sequence of characters. If you press

(=) (LBRARY) in the directory where you attached the library or any
of its subdirectories, the library name appears in the menu.

The ability to create libraries is not built into the HP 48. Normally,
they are created on a computer and downloaded to the HP 48 via

a cable or plug-in card. If you are interested in creating libraries,
contact the HP Electronic Information Service described on the inside
back cover of this manual.

To set up a library:

1. Install the library in a port:

8 For an application card library, turn off the HP /8 and insert the
card into port 1 or 2.
@ For a RAM-based library, store it in port memory.

2. Attach the library (see below). Some libraries are “auto-attaching”
and some must be manually attached. You can attach only one
library to each directory—ezcept you can attach any number to the
HOME directory. (See also the documentation that comes with the
application card or RAM-based library for any other information
about attaching the library.)

To use a library, it must be installed in a port and attached to a
directory in user memory. The attachment may happen automatically
when you install an application card—or you may have to do it
yourself.

To store a RAM-based library in port memory:

1. Put the library object on the stack. (Notice its library number and
name.)

2. Entetr the port number for storing the library. If you use port 0, the
library is always available, even if you remove plug-in cards. If
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you use a port in one of the card slots, the appropriate slot must

contain a RAM card set up as unmerged port memory.

Press (STO).

4. Optional: Purge the original library object in user memory, if you
haven’t already done so.

b

To attach an “auto-attaching” library to the HOME directory:

& Turn the HP 48 off and on. All auto-attaching libraries stored in
port memory will attach themselves to the HOME directory (if not
already attached).

To manuzlly attach a library to a directory:

1. Change to the desired directory:
m For access from all directories, change to the HOME directory.
m For limited access, change to the desired directory. The library

will be available only in this directory and its subdirectories.

2. Enter the library identifier for the library—it has the form
tport: number.

3. Press () (LIBRARY) RTTHL.

4. Turn the HP 48 off and on.

To detach a library from a directory:

1. Change to the directory where the library is attached.
2. Enter the library number for the library you wish to detach.

3. Press () (LIBRARY) DETHAL to detach it from the directory.

To purge a library from memory:

1. Make sure that the library has been detached from every directory
to which it had been attached.

2. Enter the library identifier for the library in independent memory—
it has the form : port: number.

3. Press (&9)(PURG) to delete the library from independent memory. If
you receive the Db ject In lize error, it indicates that the library
is still attached to some directory.
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Installing and Removing Plug-Iin Cards

The two slots for installing plug-in cards are designated Card Slot 1
and Card Slot 2. Card Slot 1 is closest to the front of the calculator—
Card Slot 2 is closest to the back. These slots are not identical. See
page 28-2 for details about the differences.

g & : ) Q
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Caution Nonapproved plug-in cards and accessories may
cause damage to the HP 48. You can distinguish

a potentially damaging card or plug-in accessory
from an HP-approved card by looking at the back
side of the card where it plugs into the HP 48. An
approved card has a metal shutter to protect the
HP 48 from static charges. The nonapproved cards
and accessories examined to date by HP do not have
this shutter, but have exposed gold contacts instead.
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To install the battery in a new RAM card:

1. Do not use this procedure to replace the battery in a RAM card—it
could cause loss of memory in the RAM card. To replace a battery,
see “To change a RAM card battery” on page A-7.

2. Slide the battery holder from the card by inserting your thumbnail
or a small screwdriver into the groove and pulling.

3. The grooved side of the battery holder is marked with the +
symbol and the word UP. Insert the battery into the holder with its
+ side up, and then slide the holder into the card.
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4. Write the date of installation on the card using a fine-point,
permanent marker. The date is important for determining when to

replace the battery.

Battery orientation symbof

4 N\ ™

‘EE'\/\ é E> ( = Write installation
date here

4 ™

bt Write contents

here

\ W,

\. y,

5. Set an alarm in the calculator for 1 year from the date of
installation to remind you to replace the battery. (Depending on
the use, the battery should last between 1 and 3 years. When the
battery needs replacing, a display message will appear—but only of
the card is in the calculator. You set this alarm to remind yourself
in case the card isn’t in the calculator when the battery gets low.)
To set an alarm, see “Setting Alarms” on page 26-2. To replace a
RAM-card battery, see “To change a RAM card battery” on page

A-T.
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To install a plug-in card:

1.

Store any objects currently on the stack that you want to save.
(Installing or removing any plug-in card erases the stack.)

. If the card you wish to install contains any libraries or

applications designed for the older HP 48SX model, then backup

all user memory as a precaution before installing the card (see

page 28-5). Not all older libraries are compatible with the

HP 48GX and may cause loss of user memory.

Turn off the calculator. Otherwise, all of user memory could be

erased.

If the card is a new RAM card, install its battery (see above).

For a RAM card, check or set the write-protect switch. For a new

RAM card, set il to Read/Write. (Always turn the calculator off

before changing the write-protect switch.)

8 Read Only. You can read the contents of the card, but you can’t
change, erase, or store data. It protects the contents of the
RAM card from being accidentally overwritten or erased. Never
use this setting for a RAM card containing merged memory.

m Read/Write. You can read, change, and erase the contents and
store data, as you do with built-in user memory.

Read-only setting

/ /Read/vv rite setting

Back of card
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6. Remove the port cover at the top of the calculator by pressing
down against the grip area and then pushing in the direction
shown. Removing the cover exposes the two plug-in ports.

7. Select the empty slot for the card.

8. Position the plug-in card as shown. The triangular arrow on the
card must point down, toward the calculator. Make sure the card
is lined up properly with a slot opening and not positioned half in
one slot and half in the other.
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9. Slide the card firmly into the slot until it stops. When you first

feel resistance, the card has about

% inch to go to be fully seated.

10. Replace the port cover by sliding it on until the latch engages.
11. Press to turn on the calculator.

Note
|

When you install a new RAM card (or one
containing ports that you’ve never used) and turn on
the calculator, you get the message Irvizlid
et = You may disregard the message—ports are
automatically initialized the first time you use them.
Or, if you prefer, press (4«9} (LIBRARY) BrHITY
to initialize all available RAM ports. The PINIT
command will net affect any data currently stored in
any port.

To remove a plug-in card:

Caution

Never remove a RAM card that contains merged
memory—it will probably cause a loss of data stored
in user memory. Before you remove the RAM card,
you must free the merged memory. See page 28-15.

If you accidentally remove a card with merged
memory and see the message Feplace FRAM. Fress
0, you can minimize memory loss by leaving the
calculator on, reinserting the card in the same port,

and then pressing (ON).

1. If you’re removing ¢ RAM card from Card Slot 1, make sure it
contains unmerged, free memory—see the caution below and page

28-15.

2. Turn off the calculator. Do not press until you've removed the

card.

3. Remove the port cover.

4. Press against the grip and slide the card out of the port.

5. Replace the port cover.
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Expanding User Memory with Plug-in RAM
Cards

You can extend built-in HP 48GX user memory by installing a RAM
card into Card Slot 1 and merging its memory with user memory.
(The HP 48G model has no plug-in card slots.)

Each RAM card contains a battery that preserves its contents while
the calculator is turned off and after you've properly removed the card
from the calculator. {The calculator batteries power the RAM card
only while the calculator is turned on.)

You set up a RAM card as one of two types of memory—each with its
own benefits. You can change between the two types—but you can’t
use one card as both types at the same time.

# Merged user memory. The part of user memory that’s confained
in a RAM card-—the card’s memory is merged with built-in user
memory. This lets you expand the amount of user memory for
creating variables and directories, and for putting objects on the
stack.

g Free port memory. RAM memory that’s independent of user
memory—in built-in memory (in port 0) or in a RAM card (in
ports 1 through 32). This lets you back up individual objects or
entire directories, much as you’d back up computer files to a disk,
then store it in a safe place. You can also use it to transfer data to
another HP 48 by installing it and copying the objects there. See
“Backing Up Data” on page 28-3.

To check the type of memory in a pork:
m Enter the port number and press (¢q)(LIBRARY) Fi/fiF 5. The result

in level 1 indicates the type of memory:

ROM in an application card.

B Merged user memory in a RAM card.
number Free port memory in a RAM card.

Libraries, Ports and Plug-in Cards 28-15



28

To merge memory on the RAM card in Card Slot 1 with user
memory:

1. Turn off the calculator and make sure the card is not
write-protected.

2. Turn the calculator back on and press (&)(LIBRARY) HERG . If
the card previously contained any backup objects or libraries, the
MERGE]1 command automatically moves them to a special part of
memory called port 0. See “Using Port 0” on page 28-2.

To free a RAM card in Card Slot 1 that’s merged into user memory:

1. Press («3)({3) to enter an empty list.
2. Press (&q)(LIBRARY) FREE 1. If the RAM card is already free (port

memory), you'll get a Fori Hot fuzilabls error when you
execute FREEL. If there isn’t enough memory available to free the
RAM card, you’ll get a memory error when you execute FREE1
(see below).

3. Optional: Turn off the HP 48 and unplug the card—see “To remove
a plug-in card” on page 28-14.

To check the amount of available user memory, press (¢9)(MEMORY)

MEM —the number returned is the amount of unused user memory
in bytes. To be able to free the RAM card, you must have an unused
amount that’s greater than or equal to the size of the RAM card—
otherwise, the HP 48 doesn’t have enough unused memory to allocate
to the card.

if there’s insufficient user memory to free a RAM card:

# Purge unneeded variables from user memory.

® Back up data into another RAM card installed in the other card slot
and then purge the original variables.

m Back up data into port 0, purge the originals, and then move the
backup objects to the RAM card as it’s being freed (see below).
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To free a merged RAM card and move backup objects there:

1.

2.

Back up the desired objects into port 0-—see “To back up an
object” on page 28-3.

Enter a list (with £ % delimiters) containing the simple names of
the backup objects in port 0.

. Press (|9)(MEMORY) FREEE 1. The objects named in the list are

removed from port 0 and stored in the newly freed RAM card (in
port memory).

. Optional: Turn off the HP 48 and unplug the card—see “To remove

a plug-in card” on page 28-14.

To change the write-protect switch with the card installed:

1.

Make sure the card contains free, unmerged port memory—see “To
check the type of memory in a port” on page 28-15.
Turn off the HP 48.

. Move the switch to the correct position:

@ For Read Only, the switch is foward the corner of the card.
# For Read/Write, the switch is away from the corner of the card.

28
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ogramming the HP 48

This chapter is an introduction to some of the programming
capabilites of the HP 48. For a comprehensive command listing and
in-depth programming guide see the HP {8G Series Advanced User’s
Reference (part number 00048-90136).

Understanding Programming

An HP 48 program is an object with # # delimiters containing a
sequence of numbers, commands, and other objects you want to
execute automatically to perform a task.

For example, if you want to find the negative square root of a number
that’s in level 1, you might press (*/=). The following program 29

executes the same commands:
s HEG @

Without changing the program, we could show it with one command
per line—similar to other programming languages:

i
HED
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The Contents of a Program

As mentioned above, a program contains a sequence of objects. As
each object is processed in a program, the action that results depends
on the type of object, as summarized below.

Actions for Certain Objects in Programs

Object

Action

Command

Number

Algebraic

String

List

Program

Global name (quoted)
Global name (unquoted)

Local name (quoted)

Local name (unquoted)

Ezecuied.

Put on the stack.
Put on the stack.
Put on the stack.
Put on the stack.
Put on the stack.
Put on the stack.

m Program ezecuted.
m Name evaluated.

m Directory becomes current.
s Other object put on the stack.

Put on the stack.
Contents put on the stack.

As you can see from this table, most types of objects are simply put
on the stack—but built-in commands and programs called by name
are ezecuted. The following examples show the results of executing

programs containing different sequences of objects.
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Examples of Program Actions

Program Results
iz -
Hello" LR B ¥ o» o el Lo
iz LR B
L s Pz
I8 R 1 =
12+ » EVAL it &

Actually, programs can contain more than just objects—they can also
contain structures. A structure is a program segment with a defined
organization. Two basic kinds of structures are available:

a Local variable structure. The — command defines local variable
names and a corresponding algebraic or program object that’s
evaluated using those variables.

® Branching structures. Structure words (like DO...UNTIL...END)
define conditional or loop structures to control the order of
execution within a program.

A local variable structure has one of the following organizations inside
a program:

» namey ... namey ' algebraic’

£ F namey ... namey # program ¥

The — command removes n objects from the stack and stores them
in the named local variables. The algebraic or program object in

the structure is automatically evaluated because it’s an element of

the structure—even though algebraic and program objects are put

on the stack in other situations. FEach time a local variable name
appears in the algebraic or program object, the variable’s contents are
substituted.
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So the following program takes two numbers from the stack and
returns a numeric result:

Calculations in a Program

Many calculations in programs take data from the stack——sometimes
put there by the user or by another program. Here are two typical
ways to manipulate that data:

m Stack commands. Operate directly on the objects on the stack.

® Local variable structure. Stores the stack objects in temporary local
variables, then uses the variable names to represent the data in the
following algebraic or program object.

Numeric calculations provide convenient examples of these methods.
The following three programs use two numbers from the stack
to calculate the hypotenuse of a right triangle using the formula

The first program uses stack commands to manipulate the numbers
on the stack—the calculation uses stack syntax. The second program
uses a local variable structure to store and retrieve the numbers—the
calculation uses stack syntax. The third program also uses a local
variable structure—the calculation uses algebraic syntax. Note that
the underlying formula is most apparent in the third program.

Local variable structures with algebraic objects are favored by many
programmers because they’re easy to write, easy to read, and simple
to debug.

Structured Programming

The HP 48 encourages structured programming. Every program has
only one entrance point—the beginning of the program. It also has
only one exit point—the end of the program. There are no labels
inside a program to jump to—there are no GOTO commands to exit
from. From an external point of view, program flow is extremely
simple—start at the beginning, stop at the end. (Of course, inside the
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program you can use branching structures to control the execution
flow.)

You can take advantage of structured programming by creating
“building-block” programs. Each building-block program can stand
alone—and it can act like a subroutine in a larger program. For
example, consider the following program:

© GETWALUE CALCULATE SHOWAMSHER =

This program is separated into three main tasks, each with a
subroutine. The flow is predictable. Only the input and output of
each subroutine matter—the internal workings don’t matter at this
level.

Within each subroutine, its task can be stmple—or it can be
subdivided further into other subroutines that perform smaller tasks.
This lets you have relatively simple subroutines—even if your main
program is large.

So, programs become extensions to the set of built-in commands, as
mentioned earlier. You execute them by name. They take certain
inputs, and they produce certain results.

Entering and Executing Programs

A program is an object—it occupies one level on the stack, and you
can store it in a variable.

To enter a program:

1. Press (&g} («»). The FE# annunciator appears, indicating
Program-entry mode is active,

2. Enter the commands and other objects (with appropriate
delimiters) in the required order for the operations you want the
program to execute.

@ Press to separate consecutive numbers.
m Press () to move past closing delimiters.

3. Optional: Press (8)(«<=) (newline) to start a new line in the

command line at any time.

4. Press to put the program on the stack.
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In Program-entry mode (FRG annunciator on), command keys
aren’t executed—they’re entered in the command line instead. Only
nonprogrammable operations (such as (¢) and (VAR)) are executed.

Line breaks are discarded when you press (ENTER}.

To emter commands and other objects in a program:

@ Press the keyboard or menu key for the command or object.
or
s Type the characters using the alpha keyboard.

To store or name a progran.

1. Enter the program on the stack.
2. Enter the variable name (with ' delimiters) and press (ST0).

To execute a program:
m Press and then the menu key for the program name.

or

® Enter the program name (with no delimiters) and press (ENTER).
or

@ Put the program name in level 1 and press (EVAL).
or

29 4 Put the program object in level 1 and press (EVAL).
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To stop an executing program:

m Press (CANCEL).

Example: Enter a program that takes a radius value from the stack
and calculates the volume of a sphere of radius r using
4
V= _xr®
3
Step 1: If you were going to calculate the volume manually after
entering the radius on the stack, you might press these keys:

DB 1I® 3 E =M

Enter the same keystrokes in a program. ((»)(2) starts a
new line.)

@)
IDOEDEE O
B @G

3" g x4 3 -
+NLIM
#

MECTE[MATR] LIST | HYP | REAL [ BAZE |

Step 2:  Put the program on the stack.

I:KHSM’"“*‘}*E/
5 3
MECTRIMATE] LIZT [ VP | REwE ] ERZE]

Step 3:  Store the program in variable VOL. Then put a radius of 4
on the stack and run the VOL program.

O (e} (hold) VOL (release) 1: ch8. B82573187
| VOL [EORR [ OS] CHE [PRAR] |

Example: Replace the program from the previous example with one
that’s casier to read. Enter a program that uses a local
variable structure to calculate the volume of a sphere.
The program is

# o o Yo DEwEeT 3 MU 2

(You need to include —+NUM because 7 causes a symbolic
result. Try the program with and without the —NUM
command.)
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Step 1:  Enter the program.

€+ '4o3Ewer”3!
;HUN

MECTE[MATR] LIET | HYP [ REAL ]

E)H @& R ERI
D43 xE@OX
@@RED3 B @)
(B)ENUM)

Step 2: Put the program on the stack, store it in VOL and calculate
the volume for a radius of 4 .

| ERZE ]

1: 268.882573186
i WL BTN 5 P A A R

Viewing, Debugging, and Editing Programs

To view or edit a program:

1. View the program:
m If the program is in level 1, press (|)(EDIT).
a If the program is stored in a variable, put the variable name in
level 1 and press (49)(EDIT).
2. Make any desired changes.

3. Press (ENTER) to save any changes (or press (CANCEL) to discard

changes) and return to the stack.

It’s easier to understand how a program works if you execute it step
by step, observing the effect of each step. Doing this can help you
“debug” your own programs or understand programs written by
others.

To single-step from the start of a program:

1. Put any data required by the program on the stack on the
appropriate levels.

9. Put the program or program name in level 1 (or the command
line).

3. Press FUH . DEUE to start and immediately
suspend execution. The HALT annunciator is displayed in the
status area.
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4. Take any action:
® To see the next program step displayed in the status area and
then executed, press =~ HET
e To dlsplay but not execute the next one or two program steps,
press (HE®T
m To Contlnue Wlth normal execution, press (49)J{CONT ).
@ To abandon further execution, press ‘BTl
5. Repeat step 4 as desired.

To single-step from the middie of a program:

1. Insert a HALT command in the program where you want to begin
single-stepping.
2. Execute the program normally. The program stops when the HALT
command is executed, and the HAL.T annunciator is displayed.
3. Take any action:
® 10 see the next program step displayed in the status area and
then executed, press " H&7
m To display but not execute the next one or two program steps,
press “HERT
g To continue with normal execution, press @m
& To abandon further execution, press H i
4. Repeat step 3 as desired.

When you want the program to run normally again, remove the HALT
command from the program.
To single-step when the next step is a subroutine:

s To execute the subroutine In one step, press
e To execute the subroutine step-by-step, press

a2ET executes the next step in a program—if the next step is a
subroutine, " executes the subroutine in one step. HET
works just like = 2% T —except if the next program step is a
subroutine, it single-steps to the first step in the subroutine.

To turn off the HALT annunciator at any time:

@ Press
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Using Programming Structures

A programming structure allows a program to make a decision about
how it should execute depending on given conditions or the values of
particular arguments. Careful use of these structures make it possible
to create programs of extraordinary flexibility.

Conditional Structures

Conditional structures let a program make a decision based on the
result of one or more tests.

Here is a summary of the conditional structures available on the
HP 48:

IF...THEN...END

Enter this structure into a program by pressing
BRECH (&)  IF . Its syntax is:
IF test-clause THEHM true-clause EMHDx ... %

IF.. THEN..END executes the sequence of commands in the
true-clause only if the fest-clause evaluates to true. The test-clause
can be a command sequence (for example, 7 & £) or an algebraic (for
example, 'F£E ). If the test-clause is an algebraic, it’s automatically
evaluated to a number—you don’t need —NUM or EVAL.

IF begins the test-clause, which leaves a test result on the stack.
THEN removes the test result from the stack. If the value is nonzero,
the true-clause is executed—otherwise, program execution resumes
following END.

IF...THEN...ELSE...END
Enter this structure into a program by pressing
BECH () IF . Its syntax is:

IF test-clause

THEM frue-clause ELZE false-clause EME’

IF... THEN..ELSE..END executes either the true-clause sequence of
commands if the test-clause is true, or the false-clause sequence of
commands if the fest-clause is false. If the test-clause is an algebraic,
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it’s automatically evaluated to a number—you don’t need —NUM or
EVAL.

IF begins the test-clause, which leaves a test result on the stack.
THEN removes the test result from the stack. If the value is nonzero,
the true-clause is executed-—otherwise, the false-clause 1s executed.
After the appropriate clause is executed, execution resumes following

END.

CASE...END
To enter CASE...END in a program:

1. Press BRELH (&) CHSE to enter
CASE.. THEN.. . END...END.
2. For each additional test-clause, move the cursor after a test-clause

END and press (¢#) G#E
The syntax for the CASE.. END structure is:

test-clause; true-clause; F

test-clauses true-clauses F

test-clausey =H true-clause, FHD

default-clause {optional)

This structure lets you execute a series of test-clause commands, then
execute the appropriate {rue-clause sequence of commands. The first
test that returns a true result causes execution of the corresponding
true-clause, ending the CASE...END structure. Optionally, you

can 1nclude after the last test a default-clause that’s executed if

all the tests evaluate to false. If a test-clause is an algebraic, it’s
automatically evaluated to a number—you don’t need —NUM or
EVAL.

When CASE is executed, test-clause; is evaluated. If the test is true,
true-clause; is executed, and execution skips to END. If test-clause; 1s
false, execution proceeds to test-clause;. Execution within the CASE
structure continues until a true-clause is executed, or until all the
test-clauses evaluate to false. If a default clause is included and all the
test-clauses evaluate to false, the default clause executes.
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Loop Structures

Loop structures let a program execute a sequence of commands several
times. To specify in advance how many times to repeat the loop, use a
definite loop. To use a test to determine whether or not to repeat the
loop, use an indefinite loop.

START...NEXT

Enter this structure into a program by pressing ERCH
() I Its syntax is:

. start finish =° loop-clause WEHT ... #

START..NEXT executes the loop-clause sequence of commands one
time for each number in the range start to finish. The loop-clause is
always executed at least once.

START takes two numbers (start and finish) from the stack and stores
them as the starting and ending values for a loop counter. Then, the
loop-clause is executed. NEXT increments the counter by 1 and tests
to see if its value is less than or equal to finish. If so, the loop-clause
is executed again—otherwise, execution resumes following NEX'T.

START...STEP

Enter this structure into a program by pressing 2
() ETART. Its syntax is:

. start finish %

merement STEF .. #

T loop-clause

START..STEP executes the loop-clause sequence just like
START.. . NEXT does—except that the program specifies the
increment value for the counter, rather than incrementing by 1. The
loop-clause is always executed at least once.

START takes two numbers (start and finish) from the stack and stores
them as the starting and ending values of the loop counter. Then

the loop-clause is executed. STEP takes the increment value from

the stack and increments the counter by that value. If the argument
of STEP is an algebraic or a name, it’s automatically evaluated to a
number.

The increment value can be positive or negative. If it’s positive, the
loop is executed again if the counter is less than or equal to finish. If
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the increment value is negative, the loop is executed if the counter is
greater than or equal to finish. Otherwise, execution resumes following
STEP.

FOR...NEXT

Enter this structure into a program by pressing
(&) Filk . Its syntax is

. start finish FORE counter loop-clause i

FOR..NEXT executes the loop-clause program segment one time for

each number in the range start to finish, using local variable counter

as the loop counter. You can use this variable in the loop-clause. The
loop-clause is always executed at least once.

FOR takes start and finish from the stack as the beginning and ending
values for the loop counter, then creates the local variable counter as a
loop counter. Then the loop-clause is executed—counter can appear
within the loop-clause. NEXT increments counter-name by one, and
then tests whether its value is less than or equal to finish. If so, the
loop-clause is repeated (with the new value of counter)—otherwise,
execution resumes following NEXT. When the loop is exited, counter
is purged.

FOR...STEP

Enter this structure by pressing
Is:

BH () FOR . Its syntax

. start finish FUOR counter loop-clause increment STEF ...

FOR..STEP executes the loop-clause sequence just like FOR..NEXT
does—except that the program specifies the increment value for
counter, rather than incrementing by 1. The loop-clause is always
executed at least once.

FOR takes start and finish from the stack as the beginning and ending
values for the loop counter, then creates the local variable counter as a
loop counter. Next, the loop-clause is executed—counter can appear
within the loop-clause. STEP takes the increment value from the
stack and increments counter by that value. If the argument of STEP
is an algebraic or a name, it’s automatically evaluated to a number.
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The increment value can be positive or negative. If the increment is

positive, the loop is executed again if counter is less than or equal to
finish. 1f the increment is negative, the loop is executed if counter

is greater than or equal to finish. Otherwise, counier is purged and

execution resumes following STEP.

DO...UNTIL...END

Enter this structure into a program by pressing 5
(&) [ . Its syntax is:

Ty
i

. s loop-clause LHTIL test-clause EMD

DO.. . UNTIL...END executes the loop-clause sequence repeatedly until
test-clause returns a true (nonzero) result. Because the test-clause is
executed after the loop-clause, the loop-clause is always executed at
least once.

DO starts execution of the loop-clause. UNTIL marks the end of

the loop-clause. The test-clause leaves a test result on the stack.

END removes the test result from the stack. If its value is zero,

the loop-clause is executed again—otherwise, execution resumes
following END. If the argument of END is an algebraic or a name, it’s
automatically evaluated to a number.

WHILE...REPEAT...END

Enter this structure into a program by pressing &
() HHILE. Tts syntax is:

.. HHILE test-clause F T loop-clause E

WHILE.. REPEAT.. . END repeatedly evaluates test-clause and
executes the loop-clause sequence if the test is true. Because the
test-clause is executed before the loop-clause, the loop-clause is not
executed if the test is initially false.

WHILE starts execution of the test-clause, which returns a test result
to the stack. REPEAT takes the value from the stack. If the value

is nonzero, execution continues with the loop-clause—otherwise,
execution resumes following END. If the argument of REPEAT is an
algebraic or a name, it’s automatically evaluated to a number.
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Error Trapping Structures

Many conditions are automatically recognized by the HP 48 as error
conditions—and they’re automatically treated as errors in programs.
A command with an improper argument or an improper number of

arguments causes an error in a program. An out-of-range result can
cause an error. An invalid calculator condition can cause an error.

Error trapping structures allow programs to intercept {or trap) error
conditions that otherwise would cause the program to abort.

IFERR...THEN...END

Enter this structure into a program by pressing :
() IFERE. Its syntax is:

& trap-clause THEM error-clause EMD ... =

The commands in the error-clause are executed only if an error is
generated during execution of the trap-clause. If an error occurs in the
trap-clause, the error is ignored, the remainder of the trap-clause is
skipped, and program execution jumps to the error-clause. If no errors
occur in the trap-clause, the error-clause is skipped and execution
resumes after the END command.

IFERR...THEN...ELSE...END

Enter this structure into a program by pressing EEROR
((#) iFERR. Its syntax is:

P

E trap-clause
THEM error-clause ELEE normal-clause EHD

The commands in the error-clause are executed only if an error is
generated during execution of the trap-clause. If an error oceurs in the
trap-clause, the error is ignored, the remainder of the trap-clause is
skipped, and program execution jumps to the error-clause. If no errors
occur in the trap-clause, execution jumps to the normal-clause at the
completion of the trap-clause.
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Using Local Variables
There are disadvantages to using global variables in programs:

m After program execution, global variables that you no longer need
to use must be purged if you want to clear the VAR menu and free
user memory.

® You must explicitly store data in global variables prior to program
execution, or have the program execute STO.

Local variables address the disadvantages of global variables in
programs. Local variables are temporary varlables created by a
program. They exist only while the program is being executed and
cannot be used outside the program. They never appear in the VAR
menu. In addition, local variables are accessed faster than global
variables. (By convention, this manual uses lowercase names for local
variables.)

Creating Local Variables

In a program, a local variable structure creates local variables.

To enter a local variable structure in a program:
1. Enter the — command (press (22)(=))-

9. Enter one or more variable names.
3. Enter a defining procedure (an algebraic or program object) that
uses the names.

% 4+ name, names ... name, Falgebraic’ ®
or

%+ pame, names ... namMey E program ¥ ¥

When the — command is executed in a program, n values are taken
from the stack and assigned to variables name;, names, ... namey.
For example, if the stack looks like this:
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then

+ a creates local variable ¢ = 20.

* & Iv creates local variables ¢ = 6 and b = 20.

* & b creates local variables ¢ = 10, b = 6, and ¢ = 20.
The defining procedure then uses the local variables to do calculations.
Local variable structures have these advantages:

® The — command stores the values from the stack in the
corresponding variables——you don’t need to explicitly execute STO.

w Local variables automatically disappear when the defining procedure
for which they are created has completed execution. Consequently,
local variables don’t appear in the VAR menu, and they occupy user
memory only during program execution.

# Different local variable structures can use the same variable names
without conflict.

Evaluating Local Names

Local names are evaluated differently from global names. When a
global name is evaluated, the object stored in the corresponding
variable is itself evaluated. (You've seen how programs stored In
global variables are automatically evaluated when the name is
evaluated.)

When a local name is evaluated, the object stored in the
corresponding variable is returned to the stack but is not evaluated.
When a local variable contains a number, the effect is identical to
evaluation of a global name, since putting a number on the stack is
equivalent to evaluating it. However, if a local variable contains a
program, algebraic expression, or global variable name—and if you
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want it evaluated—the program should execute EVAL after the object
is put on the stack.

Using Local Variables within Subroutines

Because a program is itself an object, it can be used in another
program as a subroutine. When program B is used by program’
A, program A calls program B, and program B is a subroutine in
program A.

Normally, a local variable exists only inside its defining procedure (and
not within any subroutines called by the defining procedure). Thus,
normal local variables can only be used within a subroutine if the
subroutine is embedded, or nested within the local variable’s defining
procedure.

However, the HP 48 offers a way to include local variables in
subroutines that are not nested within the local variable’s defining
procedure.

To use a local variable in a subroutine called by the variable’s
defining procedure:

s When defining the local variable, name it using # (@2)) as the
first character. This creates a compiled local variable.

a When calling the local variable within a subroutine, gpecify its name
using + as the first character.

A compiled local variable is available to any subroutine called by the
defining procedure for the local variable. However, compiled local
variables are still local variables and are purged when the defining
procedure is completed.

Local Variables and User-Defined Functions

The defining procedure for a local variable structure can be either an
algebraic or program object.

A user-defined function 1s actually a program that consists solely of
a local variable structure whose defining procedure 1s a an algebraic
expression. The syntax is:

% 4+ pame; nameg ... NaAMen iexpression‘
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It takes an unlimited number of arguments (can use an unlimited
number of local variables), but returns one result to the stack.

If a program begins with a local variable structure and has a program
as the defining procedure that returns exactly one result, the complete
program acts like a user-defined function in two ways:

m It takes numeric or symbolic arguments.
B [t takes its arguments either from the stack or in algebraic syntax.

However, although such a program can contain commands not allowed
in algebraic expressions, it does not have a derivative.

Exploring the Programs in the EXAMPLES
Directory

To use and explore the EXAMPLES directory:

1. Type TERTH into the command line and press (ENTER). This loads
the EXAMPLES directory from built-in memory into your HOME
directory where you can access it.

to open the EXAMPLES directory.

EXAMPLES
i I I i i 1
PRGS PLOTS EQNS %TILE PURGEX
T T T —1 I I T T 1
MEDIAN FIBON APLY >RPN ONE TWO THREE FOUR RATFUNC
¥ ¥ i 1 1 i i I ] 1 I L

XSIN ELLIP LISSA ROSE PTRN DEQ SPFLD PSCN GRID PSUR WIRE SLICE

All of the objects contained in EXAMPLES (apart from the
subdirectories PRGS, PLOTS, and EQNS) are either programs or
algebraic objects. The algebraics in the EQNS subdirectory are used
in examples in the HP J8G Series Quick Start Guide. The short
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programs contained in PLOTS each plot an example of a different plot
type. The remaining objects are example programs that accomplish a
variety of different tasks.

MEDIAN Returns a vector containing the median values for
each column in the current statistics matrix.

FIBON Using the contents of variable n, returns the n-1
Fibonacci number.

APLY Applies a program to each element of an array. The

program applied must take exactly one input and
return exactly one output. If output is symbolic the
result is returned as a “symbolic array” (that is, a
list of “row” lists instead of an array of row vectors).
—RPN Converts an algebraic object into a list of equivalent
RPN commands. Evaluating the resulting list
returns the original algebraic. Illustrates the
equivalency between algebraic and RPN procedures.
%TILE Takes a list of data on level 2 and a percentile
number on level 1 and returns the value of the
percentile for the list. For example, typing
£ datalist > S8 and pressing T ILE returns the
median (50th percentile) of the list.

You may wish to work through these programs using single-stepping
(see page 29-8).

Using HP 48S/SX programs with the
HP 48G/GX

There are many programs distributed (both commercially and
otherwise) today that were originally written for the HP 48S and
HP 48SX, the predecessors of the HP 48G Series.

Caution Before running a library developed for the HP 48S
Series calculators on your HP 48G Series calculator,
back up the contents of your memory to an external
source (computer or plug-in card). Incompatibilities
between the library and the HP 48G Series calculator
may cause memory loss.
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There are no guarantees that such programs will run without €rrors on
the HP 48G Series calculators. However, most older programs that use
only User-RPL commands —the set of commands that are recognized
when you type in their names on the keyboard—will work on the
newer HP 48G Series.

There are some differences between the older HP 48S Series and the
newer HP 48G Series that may (or may not) affect older programs:

8 HP 48S Series programs using the SYSEVAL command may cause
memory loss when run on a HP 48G Series calculator due to
changes in the internal memory mapping.

m HP 48S Series programs that use variable names that are identical
to commands newly introduced on the HP 48G Series calculators
will give unpredictable results due to the name conflict. Changing
the names used in the older program will prevent this problemn.

s HP 48S Series programs that use the MENU command to display
a built-in menu may give unexpected results because the HP 48G
Series calculators uses a different, menu structure (see Appendix Q).

® HP 48S Series programs that use flags -14, -28, -29, or -54 will
conflict with the built-in meanings for these flags in the HP 48G
Series calculators.

Some commercially-distributed libraries developed for the HP 485
Series may not work on the HP 48G Series and may, in fact, cause
memory loss. In addition, some libraries on plug-in cards may only
work when the card is stored in Card Slot 1; others may only work
when the card is stored in Card Slot 2. Be sure to backup user
memory before experimenting with an untested library.

Where to Find More Information
® The HP [8G Series Advanced User’s Reference (part number

00048-90136) contains programming information, mcluding syntax
information for all HP 48G Series commands, in a reference format.

® The HP Calculator Bulletin Board System (see inside back cover)
provides a forum for exchange of information about the availability
and compatibility of software developed for either Series S or Series
G calculators. It is also a good source of programming tips and
interesting programs.
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Customizing Menus

A custom menu is a menu that you create. It can contain menu labels
for operations, commands, and other objects that you create or group
together for your own convenience.

A custom menu is defined by the contents of a reserved variable
named CST. So, the way to create a custom menu involves creating a
variable CST that contains the objects you want in your menu.

To create and display a custom {C8T) menu:

1. Enter a list containing the objects you want in the menu. (The
different object types serve different purposes.)

2. Press ED il
To display the current CST menu:

m Press (csT).

Objects in the CST menu usually have the same functionality they do
in built-in menus:

m Names. Names behave like VAR menu keys. Thus, if ABC is a
variable name, ¢ evaluates ABC, () BEC recalls its
contents, and (4q) ~. stores new contents in ABC. Also, the
menu label for the name of a directory has a bar over the left corner
of the label—pressing the menu key switches to that directory.

® Units. Unit objects act like UNITS Catalog entries. For example,
they have their left-shifted conversion capability.

m Strings. String objects echo the contents of the string, like a typing
aid.
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& Commands. Almost all command names behave like normal
command keys.

You can include backup objects in the list defining a custom menu by
tagging the name of the backup object with its port location. For

example, if & 23 TOM were included in the custom menu list, a menu
label Tt would represent the backup object TOM in port 2.

If you want to create typing aids for certain commands that affect
program flow (such as HALT, PROMPT, IF.. THEN..END, and other
program control structures), include them as string objects, not as
command names.

Example: Create a custom ment containing the built-in command
—TAG, the unit object 1_m™%, a string to serve as a
typing aid for ¥ILLUFE, and the variable name CST.

Step 1: Enter the list of objects.

1@O@®EmE)S3
@D VOLUME @

(@) (hold) CST (release)

Step 2: Create and display the CST menu.

{ +TAG 1_m"3
TOLUME" CST 3

T

Step 3:  Convert 1075 em® to m®.

- It .831875_n"3
@0O® @@ ™ | Ly -

’

Step 4: Enter the string “WTLUME

@D WOy ?

.BA1BTS_m"3

: nOLOHE™
T ]
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Step 5:  Create a tagged object from the contents of levels 2 and 1.

1: YOLUME: .BA1HAS_m™3
IESTT T

#THG

Step 6:  Display the current contents of CST.
g: VOLUME: 0 BE%‘B?E m"3

2 { 2T
"WOLUME® CST &
TR B TR O

pRE

You can create a CS7T in each directory in memory, just as you can for
other variables. This lets you have a different custom menu in each
directory.

Also, instead of storing the list of objects itself in ST, you can
optionally store the name of another variable that contains the list.
This gives you the ability to have in one directory several variables
that contain different custom-menu lists. That way, you can easily
switch the CST menu from one custom menu to another by simply
storing a new name in CST.

Enhancing Custom Menus

You can enhance the CST menu by creating special menu labels and
by specifying different actions for unshifted and shifted keys.

To create a special menu label for an object:

® Inside the CST list, replace the object by an embedded list of the
form £ "label" object

The default label for an object in the CST menu is the underlying
name, command, unit, or typing aid—as many characters as fit in the
space available.

x" H!i;” [EI T

Example: Storing Lo
¥ *in CbT gives the same CST menu
operatlons as the previous example, but the labels are

g

ETHG, MR wnL and DHEET
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To specify functionality for shifted keys:

= Inside the CST list, replace the object by an embedded list of
objects: { objectunshiftea 0bjecticrishite 0bjectrigni-snire +. (You can
omit the last one or two objects if you want.)

You must specify the unshifted action in order to have the shifted
actions. In addition, you can combine the special-label enhancement
and the shifted-functionality enhancement—see the following example.

Example: Suppose you want the CST menu key %l to provide
the following three actions:

m L evaluates a program that stores the value in
level 1 in a variable named VBOX .
B (¢) 0L evaluates a program that computes the

product of levels 1, 2, and 3.
m () VIL  types WOLLME.

The following CST list provides the desired custom menu. The menu
contains only one label: 9L

ST o o€ % % B YNOLLMEY

To create a temporary ment:

1. Enter the menu list as with CST.
2. Press («q)(MODES} MERLF 1 . This creates and displays a

temporary menu without overwriting the contents of the variable
CST.

Customizing the Keyboard

The HP 48 lets you assign alternate functionality to any key on
the keyboard (including alpha and shifted keys), enabling you to
customize the keyboard for your particular needs. Your customized
keyboard is called the user keyboard, and it’s active whenever the
calculator is in User mode.
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User Modes

To activate User mode:

s If you want to execute only one operation (1LiZF), press (|)(USER).
(It turns off after the operation.)

m If you want to execute several operations (LIZER), press («9)(USER)
(\x))(USER). (Press («)(USER) a third time to turn off User mode.)

The (49)(USER) key is a three-way switch, much like the (a) key.
Pressing the key once activates the mode only for the next operation,
while pressing it twice consecutively locks the mode on, requiring a
third press to turn the mode off again. If you prefer, set Flag —61 to
enable a single press of (&q)(USER) to lock User mode on.

Assigning and Unassigning User Keys

You can assign commands or other objects to any user keys (including
shifted keys). The behaviors for different types of objects are the same
as for custom menus—see “Customizing Menus” on page 30-1.

To assign an object to a user key:

1. Enter the object to be assigned to the key.
2. Enter the three-digit location number that specifies the key. (See
the diagram below.)

3. Press (\q)(MODES) KEYE  HEH

Keyboard Qo!umn#

XX X &— 0 or 1 = unshifted
2 = left-shifted

4 3 = right-shifted
4 = alpha
Keyhoard row# 5 - alpha left-shifted

6 = alpha right-shifted

To assign a buili-in command to a user key:
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1. Enter a list containing two parameters—the command to be
assigned to the key followed by the three-digit key location number
(see above).

2. Press ()(MODES) KEYS TN .
To assign several user keys:

1. Enter a list containing two key-assignment parameters for
each key—the object to be assigned to the key followed by the
three-digit key locatlon number (see above).

2. Press (&) (WODES) *

This is an example of a key-assignment list for STOKEYS:

You can use *: ¢ as an assignment object. It means the
“standard” (unassigned) key definition.

When you press a user key, its assigned object is executed—or, if the
key is unassigned, the standard operation is performed. (You can also
disable keys, as described in the next topic. )

After you've assigned a user key, the assignment remains in effect until
you reassign the key using ASN or STOKEYS, or until you unassign
the key. An unassigned user key reverts to its standard definition—the
same as for the standard keyboard.

To unassign previously-assigned user keys:

m To unassign one user key, enter the three-digit key number, then
press (q)(MODES) EEYH [DELE . An unassigned user key reverts
to its standard dehmtlon*the same as for the standard keyboard.

® To unassign several user keys, enter a hst contammg the three-digit
key numbers, then press (€q)(MODES) ¥

B To unassign all user keys, press 0 @m E BELE ALl
user keys are unassigned and all disabled keys are enabled (qee next

topic).
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Disabling User Keys

You can disable user keys that are unassigned—so they do nothing.
This lets you control the user keys that are active, including assigned
keys and standard (unassigned) keys.

If you assign a disabled user key, it becomes enabled.

To disable all unassigned user keys:
® Enter '%' and press (&q)(MODES) KEYE DELE .
To reenable unassigned, disabled user keys:

8 To enable one unassigned key, enter , enter the three-digit
key number, then press (¢q)}{MODES) : FLEp

m To enable several unassigned keys, enter a hst containing ' &
and the three-digit key number for each key, then press @m

Z70E . (Include one 'SREY " for each key.)
B To enable and unassign all user keys press 0 (#q)(MODES)  KEY S

,xl

To reenable and assign disabled user keys:

m To enable and assign one user key, enter the object to be assigned to
the l\ey, ente1 thc three-digit key number, then press («3)(MODES]

e To enable all user keyq and assign several keys, enter a list with % as
the first object, followed by the assigned object and three- dlglt key
number for each key assignment, then press (#q)(MODES) KEY S

Recalling and Editing User Key Assignments

To recall the current user key assignments:
® Press (&q)(MODES) HEY% Bk (the RCLKEYS command).

The RCLKEYS command returns to level 1 a list of all the current
user key assignments—pairs of assignment objects and three-digit key
numbers. If the first item in the list is the letter %, then unassigned
user keys are currently enabled—otherwise, unassigned keys are
currently disabled.
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To edit the user key assignments:

1. Press (&9)(MODES) KEY¥E EiLE (the RCLKEYS command).
2. Press (|)}(EDIT) and edlt the key—as&ugnment list.
3. Press (|q)(MODES) KEVE [DELE. 5T0E (the STOKEYS

command) to delete the old assignments and activate the edited

assignments.
Note If you get stuck in User mode—probably with a
i “locked” keyboard—because you’ve reassigned or

disabled the keys for canceling User mode, hold down
the key and press the C key, then release the C
key first.

Deleted user key assignments still take up from
2.5 to 15 bytes of memory each. You can free this
memory by packmg your user key ass1gnments—p1ess

(#9)(MODES) & ROLE O DELE 570H
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Support, Batteries, and Service

Answers to Common Questions

You can obtaln answers to questions about using your calculator from
our Calculator Support department. Our experience has shown that
many customers have similar questions about our products, so we’ve
provided this section to answer many of these questions. If you don’t
find the answer to your question here, contact us at the address or
phone number on the inside back cover.

Q: Sometimes my HP 48 will flash when I turn it on. Is this normal?
Az This is normal for the HP 48.

Q: I'm not sure whether the calculator is malfunctioning or if I'm
doing something incorrectly. How can I verify that the calculator is
operating properly?

A: See “Testing Calculator Operation” on page A-9.

Q: The (=) annunciator stays on even when the calculator is turned
off. Is anything wrong?

A: This indicates a low-battery condition in the calculator or a RAM
card, or an alarm that is past due. To determine what is causing
the () annunciator to stay on, turn the calculator off and then on.
A message in the display will identify the problem. See “When to
Replace Batteries” on page A-4 or “Responding to Alarms” on page
26-4.

Q: How can I determine how much memory is left in the calculator?

A: Press («9)(MEMORY) HMEM . The number of bytes of available

memory will appear at the lower right corner of the display.

For example, an empty memory for the HP 48GX should show
approximately 1Z7&@3 bytes of internal RAM (with no RAM cards
installed).
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Q: What does an E in a number mean (for ezample, =, S1E~15)?
A: Exponent of 10 (for example, 2.51 x 10713). See “Keying In
Numbers” on page 2-1 and “Setting the Display Mode” on page 4-2.

Q: Why do trig functions give me unezpected results?

A: The angle mode may be wrong for your problem. Check the angle
mode annunciator: EAL means radians, GEAR means grads, and none

means degrees. Press (|9)(RAD) or use the ((»)(MODES) screen to

change the angle mode.

Q: When I take the sine of w in Degrees mode, why do I get ' SIHws !
wmnstead of a number?

A: The caleulator is in Symbolic Result mode; *: ~wi ' is the
symbolic answer. Press (4q)(=>NUM] to convert 'SIH:w ' to its

numeric equivalent of .0648 ... up to 11 decimal places (sin 3.14°).
You can also press («9)(MODES) HIZ{ Z¥Hs  to change to Numeric

Results mode and prevent symbolic evaluation.

Gt When I evaluate "SItcwy ' I don’t get zero. Why not?

Az The HP 48, like all calculators, can only compute using a finite
number of decimal places. Because 7 contains an infinite number of
decimal places, any results involving # must necessarily be rounded.
Sometimes, as in this case, the rounded number differs from the
theoretical answer by 107! (a millionth of a millionth) or so.

Q: When I differentiate or integrate I get an Uridsf ined Hams error
message. What 1s wrong?

Az Symbolic solution mode is not set and the calculator is attempting
(unsucessfully) to find a numerical answer using only symbolic
variables. Press @m 1150 5% ME., or make sure that the
r’E SULTEY field in the Integrate or Differentiate input forms shows
il ic, and try again.

Q: When I compute (—1)3 I get a complex number instead of 1. What
s wrong?

A: The HP 48 is designed to return the complex principal solution for
any fractional exponent. To get the real number root, use the ¢/y
operator (the key or XROOT command) instead.

@ What does “object” mean?

Az “Object” is the general term for all elements of data the HP 48
works with. Numbers, expressions, arrays, programs, and so on, are all
types of objects.
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Q: What do three dots (..) mean at either end of a display line?

A: The three dots (called an ellipsis) indicate that the displayed
object is too long to display on one line. To view undisplayed portions
of the object, nse the () or (B) cursor keys.

Qi How do I turn off the HALT annunciator?
A: Press (PRG) (NXT) FUH  EILI

Q: The calculator beeps and displays Bad firgumsrt Tups, What's
wrong?

A: The objects on the stack aren’t the correct type for the command
you are attempting. For example, executing =UHIT (in the PRG
TYPE menu) with a number in stack levels 1 and 2 causes this error.

Q: The calculator beeps and displays Too Few Araumsnts. What's
wrong?

A: There are fewer arguments on the stack than required by the
command you are attempting. For example, executing with only
one argument or number on the stack causes this error.

Q: The calculator beeps and displays a message different from the two
listed above. How do I find out what’s wrong?

A: Refer to appendix B, “Messages.”

Q: I can’t find some variables that I used earlier. Where did they go?
A You may have been using the variables in a different directory. If
you can’t remember which directory you were using, you’ll need to
check all the directories in your calculator.

Q@ Sometimes my HP |8 seems to pause momentarily during a
calculation. Is anything wrong?

A: Nothing is wrong. The calculator does some system cleanup from
time to time to eliminate temporary objects created from normal
operation. This cleanup process frees memory for current operations.
This happens less often if you make more memory available.

Q The Equation Library Solver gives me SI units even when I specify
G (or vice-versa).

A: The Solver uses and creates global variables. If the variables in
question were created before, then they still exist (until you purge
them). Their unit definitions also still exist. To override the old unit
system, you must either purge the variables before solving, or you
must enter the specific units you want (such as _#%).
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Environmental Limits

To maintain product reliability, avoid getting the calculator and
plug-in cards wet, and observe the following temperature and humidity
limits:

Calculator:

m Operating temperature: 0° to 45°C (32° to 113°F).

B Storage temperature: —20° to 65°C (—4° to 149°F).

& Operating and storage humidity: 90% relative humidity at 40°C
(104°F) maximum.

Plug-In Cards:

& Operating temperature: 0° to 45°C (32° to 113°F).

m Storage temperature: —20° to 60°C (—4° to 140°F).

m Storage temperature for RAM card data retention: 0° to 60°C (32°
to 140°F).

Operating and storage humidity: 90% relative humidity at 40°C
(104°F) maximum.

When to Replace Batteries

When a low-battery condition exists, the () annunciator remains
on, even when the calculator is turned off. When the calculator is
turned on during a low-battery condition, Harmirng: LowBat( s
displayed for approximately 3 seconds:

F 1 refers to port 1.

» refers to port 2.
.+ refers to the calculator (system) batteries.

Replace the RAM card battery or the calculator
batteries as soon as possible after the ()
low-battery annunciator and warning message
appear. If you continue to use the calculator while
the () annunciator is on, the display will eventually
dim and you may lose calculator and RAM card
data.
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Under typical use, a RAM card’s battery should last between 1 and

3 years. Be sure to mark the card with the battery-installation date,
and, in case the RAM card is not in the calculator when the battery
needs replacement, set an alarm for 1 year from that date to remind
you to install a fresh battery. RAM cards do not come with a battery
installed.

Changing Batteries
The HP 48 uses the following kinds of batteries:

m Calculator Batteries. Any brand of size AAA batteries. Be sure
that all three batteries are of the same brand and type. (The use of
rechargeable batteries is not recommended because of their lower
capacity and short low-battery warning time.)

# Plug-In RAM Card Batteries. 3-volt 2016 coin cell. (Not used in
the HP 48G.)

To replace calculator batteries, use the steps below. To replace RAM
card batteries, see “To change a RAM card battery” on page A-T.

Caution Whenever you remove batteries from the calculator,
be sure the calculator is off, and do not press the
key until the new batteries are installed. If you press
when batteries are not in the calculator, you
may lose all calculator memory.

To change calculator batteries:

1. Turn the calculator off. You may lose memory in the calculator and
plug-in RAM cards if the calculator batteries are removed when the
calculator is on.

2. Have three, fresh size AAA batteries (of the same brand and type)
at hand. Wipe off both ends of each battery with a clean, dry
cloth.
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3. Remove the calculator battery-compartment door by pressing down
and sliding it off away from the calculator. Be careful not to press
the calculator’s key. See the following illustration.

4. Turn the calculator over and shake the batteries out. After the
batteries are out, you should replace them with fresh batteries
within 2 minutes to protect against memory loss.

Warning Do not mutilate, puncture, or dispose of batteries
in fire. The batteries can burst or explode,
releasing hazardous chemicals. Discard used
batteries according to the manufacturer’s
instructions.
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3. Position the batteries according to the outlines in the bottom of
the battery compartment. Avoid touching the battery terminals.
Batteries are easier to install if the negative (plain) ends are
inserted first, and if the center battery is installed last. See the
following illustration.

+ -

— +

+ —
I

6. Replace the battery-compartment door by sliding the tabs on the
door into the slots in the calculator case.

7. Press to turn the calculator on.

To change a RAM card battery:

1. Turn the calculator over and remove the plastic cover over the
plug-in card ports (on the display-end of the calculator).

RS

Z

2. With the RAM card in port 1 or 2, turn on the calculator.
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Caution

Make sure you turn on the calculator before you
change a RAM card battery. RAM cards run off the
calculator batteries only while the calculator is on.
RAM memory may be lost if you remove a RAM
card battery while the calculator is off) or while the
card 1s not installed in the calculator.

3. Place your index finger in the recess near the exposed end of the
RAM card—this prevents removal of the card from the calculator
when you remove the card’s battery holder. Now insert the
thumbnail of your free hand into the nail grip in the black plastic
at the left side of the end of the card and pull the battery holder
out of the card.

4. Remove the old battery from the plastic battery holder.

Warning

Do not mutilate, puncture, or dispose of batteries
in fire. The batteries can burst or explode,
releasing hazardous chemicals. Discard used
batteries according to the manufacturer’s
instructions.
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Install a fresh, 3-volt 2016 coin cell in the plastic battery holder,
and reinsert the holder (with battery) into the card. Be sure to
wnstall the battery with the side marked “+7 toward the front of the
card.

. Mark the card with the battery-installation date, and set an alarm

for 1 year from that date to remind you to change it. (If you
unplug the card, the HP 48 can’t check the card’s battery level.)

. Replace the plug-in port cover.

Testing Calculator Operation

Use the following guidelines to determine whether the calculator is
functioning properly. Test the calculator after every step to see if
operation has been restored. If your calculator requires service, see “If
the Calculator Requires Service” on page A-16.

If the calculator wor’t rn on or doesw’t respond when you press
the keys:

1.

ot

Make sure that three fresh batteries are correctly installed in the
calculator.

Press and release (ON).

If the calculator comes on, but the display is blank, press and hold
(ON), press and release several times until characters become
visible, then release (ON). If no characters appear in the display, the
calculator requires service.

. If a halted program won’t respond when you press (CANCEL), try

pressing again.
If the keyboard is “locked,” perform a system halt:

Press and hold (ON).
Press and release the “C” key (the key with C next to it).

Release (ON). The empty stack display should appear.
If the problem still exists, perform a manual system halt (see
page 5-17).

Bo T
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6. If the problem still exists, perform a memory reset. You may lose
data during a memory reset, so do this only if you must:

a. Press and hold (ON).

b. Press and hold the “A” and “F” keys (the keys with A and F
next to them).

c. Release all three keys.

The calculator will beep and display the message Tru To Baoouer
Memaoru™ at the top of the display. Press ¥EZ  to recover as
much memory as possible.

If these steps fail to restore operation, the calculator requires service.

If the calculator responds to keystrokes, but you suspect i’s
malfunctioning:

1. Run the self-test described in the next section.

e If the calculator fails the self-test, it requires service.

g If the calculator passes the self-test, you may have made a
mistake operating the calculator. Reread appropriate portions of
the manual and check “Answers to Common Questions” on page
A-1.

2. Contact the Calculator Support department. The address and
phone number are listed on the inside back cover.

Self-Test

If the display turns on, but the calculator does not seem to be
operating properly, run the diagnostic self-test.

To run the self-test:

1. Turn on the calculator.
2. Press and hold {ON).
3. Press and release the “E” key (the key with E next to it).

4. Release (ON).

The diagnostic self-test tests the internal ROM and RAM,
and generates various patterns in the display. The test repeats
continuously until you perform a system halt.
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To halt the self-test (system halt):

1. Press and hold (ON).
2. Press and release the “C” key (the key with C next to it).

3. Release (ON). The empty stack display should appear.

If the self-test indicates an internal ROM or RAM failure (if I&i
and IFAM 0K are not displayed), the calculator requires service.

The diagnostic self-test should be successfully completed before
running any of the tests described in the following sections.

Keyboard Test

This test checks all of the calculator’s keys for proper operation.

To run the interactive keyboard test:

Turn on the calculator.

Press and hold (ON).
Press and release the “D” key (the key with D next to it).

Release (ON).

Press and release the “E” key (the key with E next to it). KB
will appear in the upper left corner of the display.

6. Starting at the upper left corner and moving left to right, press
each of the 49 keys on the keyboard.

O QO R =

If you press the keys in the proper order and they're functioning
properly, the calculator emits a high-pitch beep at each press of a

key. When you press the 49th key, (1), the displayed message should
change to kKBD1 [k

If you press a key out of sequence, a five-digit hexadecimal number
will appear next to KEx1. Rerun the test by repeating steps 2 through
6 above.

If a key isn’t functioning properly, the next keystroke displays the hex
location of the expected and the received location. If you pressed the
keys in order and got this message, the calculator requires service.

Be sure to include a copy of the error message when you ship the
calculator for service.
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To exit the keyboard test (system halt):

1. Press and hold (ON}.
2. Press and release the “C” key (the key with C next to it).
3. Release (ON). The empty stack display should appear.

Port RAM Test

The port RAM test nondestructively tests the ports (for those
calculators that have them) and the installed plug-in RAM cards.
(Plug-in RAM-card memory is preserved.)

To run the port RAM test:

1. Check that a plug-in RAM card is properly installed in port 1 or
port 2.

2. Verify that the switch on each card is set to the “Read/Write”
position.

’Read-oniy setting
' ’Read/\l\f'rite setting

=3

Back of card

3. Turn on the calculator.

4. Press and hold {ON).
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5. Press and release the “D” key (the key with D next to it).

6. Release (ON). A vertical line will appear at both sides and at the
center of the display.

7. Press and release (4).

EIEE ErE will appear at the top left corner of the dlsplay and
the size of the corresponding plug-in RAM card (Z2E or 128kK) will
appear at the top mght corner of the display. ik will appear to the
right of EFf IZ when the port RAM test has been successfully
completed.

A failure message (for example, EA} ) will be displayed for
each port that does not contain a plug-in RAM card or if a card’s

read/write switch is in the “write-protect” position. This message

should be ignored.

If 2 doesn’t appear for a RAM card set to read/write, the card
should be moved to the other port and the test rerun. If 0¥ still
doesn’t appear, the RAM card should be replaced with a new one.

To return to normal calculator operation (system halt):

1. Press and hold (ON).
2. Press and release the “C” key (the key with C next to it).
3. Release [ON]. The empty stack display should appear.

IR Loop-Back Test

This test checks the operation of the send and receive infrared sensors
and their associated circuits.

To run the IR loop-back test:

1. Turn on the calculator.

2. Press and hold (ON).

3. Press and release the “D” key (the key with D next to it).

4. Release (ON). A vertical line will appear at both sides and at the
center of the display.

Be sure that the plastic plug-in card cover is in place and that it
covers the clear lamp bulbs in the top end of the calculator.

6. Press (EVAL).

(&2}
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IELE will appear at the top left corner of the display. If & appears
to the right of IELE, the calculator passes this test. If i doesn’t
appear, the calculator requires service.

To return to normal calculator operation (system halt):

1. Press and hold (ON).
2. Press and release the “C” key (the key with C next to it).

3. Release (ON). The empty stack display should appear.

Serial Loop-Back Test

This test checks the operation of the send and receive circuits of the
serial interface at the top of the calculator.

To run the serial loop-back test:

1. Turn on the calculator.

2. Press and hold (ON).

3. Press and release the “D” key (the key with D next to it).

4. Release (ON). A vertical line will appear at both sides and at the
center of the display.

5. Temporarily connect (short) the middle two pins (pins 2 and 3)

of the 4-pin serial connector at the top end of the calculator. Be
careful not to bend or severely jar the pins. You must have this
connection bridged during the entire duration of the test.

6. Press (PRG).

U_LE will appear at the top left corner of the display. If 0 appears
to the right of 11_i_&, the calculator passes this test. If ik doesn’t
appear, the calculator requires service.
Note If you inadvertently short pins 1 and 2 or pins 3
and 4 of the serial connector, the loop-back test will
f return Li_LE 11 or Li_LB GO082 (test-failed

message), but you will not damage the calculator.
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To return to normal calculator operation (system halt):

1. Press and hold (ON).
2. Press and release the “C” key (the key with C next to it).
3. Release (ON). The empty stack display should appear.

Limited One-Year Warranty

What Is Covered. The calculator (except for the batteries, or damage
caused by the batteries) and calculator accessories are warranted by
Hewlett-Packard against defects in materials and workmanship for
one year from the date of original purchase. I you sell your unit or
give it as a gift, the warranty is automatically transferred to the new
owner and remains in effect for the original one-year period. During
the warranty period, we will repair or, at our option, replace at no
charge a product that proves to be defective, provided you return
the product, shipping prepaid, to a Hewlett-Packard service center.
(Replacement may be made with a newer model of equal or better
functionality.)

This warranty gives you specific legal rights, and you may also have
other rights that vary from state to state, province to province, or
country to country.

What Is Not Covered. Batteries, and damage caused by the batteries,
are not covered by the Hewlett-Packard warranty. Check with the
battery manufacturer about battery and battery leakage warraniies.

Damage caused to the HP 48 as the result of using nonapproved plug-in
cards and plug-in accessories is not covered by the Hewlett-Packard
warranty.

This warranty does not apply if the product has been damaged by
accident or misuse or as the result of service or modification by other
than an authorized Hewlett-Packard service center.

No other express warranty is given. The repair or replacement
of a product is your exclusive remedy. ANY OTHER IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS

IS LIMITED TO THE ONE-YEAR DURATION OF THIS
WRITTEN WARRANTY. Some states, provinces, or countries
do not allow limitations on how long an implied warranty lasts,
so the above limitation may not apply to you. IN NO EVENT
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SHALL HEWLETT-PACKARD COMPANY BE LIABLE FOR
CONSEQUENTIAL DAMAGES. Some states, provinces, or countries
do not allow the exclusion or limitation of incidental or consequential
damages, so the above limitation or exclusion may not apply to you.

Products are sold on the basis of specifications applicable at the time
of manufacture. Hewlett-Packard shall have no obligation to modify or
update products, once sold.

Consumer Transactions in Australia and the United Kingdom.

The above disclaimers and lmitations shall not apply to consumer
transactions in Australia and the United Kingdom and shall not affect
the statutory rights of consumers.

If the Calculator Requires Service

Hewlett-Packard maintains service centers in many countries. These
centers will repair a calculator, or replace it with the same model or
one of equal or better functionality, whether it is under warranty or
not. There is a service charge for service after the warranty period.
Calculators normally are serviced and reshipped within 5 working
days.

Note If the contents of your calculator’s memory are

important, you should back up the memory on a
f plug-in RAM card, another HP 48, or a computer
before sending in the calculator for repair.

& In the United States: Send the calculator to the Corvallis Service
Center listed on the inside of the back cover.

® In Europe: Contact your Hewlett-Packard sales office or dealer, or
Hewlett-Packard’s European headquarters (address below) for the
location of the nearest service center. Do not ship the calculator for
service without first contacting a Hewlett-Packard office.

Hewlett-Packard S.A.

150, Route du Nant-d’Avril
P.O. Box CH 1217 Meyrin 2
Geneva, Switzerland

Telephone: 022 780.81.11
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B In other countries: Contact your Hewlett-Packard sales office or
dealer or write to the Corvallis Service Center (listed on the inside
of the back cover) for the location of other service centers. If local
service 1s unavailable, you can ship the calculator to the Corvallis
Service Center for repair.

All shipping, reimportation arrangements, and customs costs are
your responsibility.

Service Charge. Contact the Corvallis Service Center (inside back
cover) for the standard out-of-warranty repair charges. This charge
is subject to the customer’s local sales or value-added tax wherever
applicable.

Calculator products damaged by accident or misuse are not covered by
the fixed charges. These charges are individually determined based on
time and material.

Shipping Instructions. If your calculator requires service, ship it to the
nearest authorized service center or collection point.

8 Include your return address and a detailed description of the
problem. Details should include ROM/RAM cards installed, error
messages, and any peripherals connected at the time of malfunction.

m Include proof of purchase date if the warranty has not expired.

® Include a purchase order, check, or credit card number plus
expiration date (VISA or MasterCard) to cover the standard repair
charge.

m Ship your calculator postage prepaid in adequate protective
packaging to prevent damage. Shipping damage is not covered by
the warranty, so we recommend that you insure the shipment.

Warranty on Service. Service is warranted against defects in materials
and workmanship for 90 days from the date of service.

Service Agreements. In the U.S., a support agreement is available for
repair and service. For additional information, contact the Corvallis
Service Center (see the inside of the back cover).
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Error Messages

This appendix lists selected HP 48 messages, arranged alphabetically.

Messages Listed Alphabetically

Message Meaning # (hex)
Alarns Alarm not acknowledged yet. {none)
ALL Wariables There are no unknown E405
Kran variables to solve for.
Bad FArgumsnt Tupe One or more stack arguments 202
were incorrect type for
operation.
Bad Broument ¥Yalus | Argument value out of 203
operation’s range.
Bad Gusssiss) Guess(es) supplied to HP Solve| A0l
application or ROOT lie
outside domain of equation.
Bad FPackel Block Kermit error: Computed Co1
Check packet checksum doesn’t
match checksum in packet.
Cam't Edit Holl Attempted to edit a string 102
Chrar containing character with code
0.
Circular Esference | Attempted to store a variable 129

name into itself.
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Messages Listed Alphabetically (continued)

Message

Meaning

# (hex)

Comst art ™

Al lowed

Inconzisztent lnits

ot
e

Infinitse REezu

Inzufficient

Femmry

HP Solve application or ROOT
returned same value at every
sample point of current
equation.

Name of existing directory
variable used as argument.

Attempted to store a directory
into itself.

F(@Q must contain at least two
equations (or programs) and
two variables.

Result returned by HP Solve
application or ROOT is an
extremum rather than a root.

A program containing HALT
executed while MatrixWriter
application, DRAW, CALC, or
HP Solve application active.

Multiple-Equation Solver
command attempted during
MROOT execution.

Attempted unit conversion
with incompatible units.

Math exception: Calculation
such as 1/0 has infinite result.

Not enough free memory to
execute operation.

AQ2

12A

002

E403

A06

126

E406

B0O2

305

001
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Messages Listed Alphabetically (continued)

Message Meaning # (hex)

P

z A Statistics command was 603
executed when Y DAT did not
contain enough data points for
calculation.

The HP Solve application or A03
ROOT was interrupted by

(GanicED)
P A returned object of 502

wrong type for current matrix.

Irssmlic

HP 48 does not recognize data 008
on plug-in card, or at least one
port on the card has never
been used.

Date argument not real D01
number in correct format, or
was out of range.

Incorrect structure of equation 12C
argument for DEFINE.

In Diip Array argument had wrong 501
dimensions.
Attempted operation from 607

GRAPHICS FCN menu when
EQ@ did not contain algebraic,
or attempted DRAW with
CONIC plot type when EQ
did not contain algebraic.

1igh [OFPAR IOPAR not a list, or one or C12
more objects in list missing or
invalid.
Irw Mpar variable was not created E401
by MINIT.
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Messages Listed Alphabetically (continued)

Message

Meaning

# (hex)

Imvalid Unit

Received illegal filename, or
server asked to send illegal
filename.

PPAR not a list, or one or
more objects in list missing or
mvalid.

PRTPAR not a list, or one or
more objects in list missing or
invalid.

Plot type invalid for current
equation.

Alarm repeat interval out of
range.

Invalid command received
while in Server mode.

HP 48 unable to execute
OBJ—, (ENTER), or STR— due

to invalid object syntax.

Time argument not real
number in correct format, or
out of range.

Unit operation attempted with
invalid or undefined user unit.

Type or structure of object
executed as user-defined
function was incorrect.

Statistics command executed
with invalid object stored in
L DAT.

C17

12E

C13

620

D03

C08

106

D02

BO1

103

601
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Messages Listed Alphabetically (continued)

Message Meaning # (hex)

L Dt g Nonlinear curve fit attempted 605
when Y DAT matrix contained
a negative element.

Nonlinear curve fit attempted 606
when X DAT matrix contained
a 0 element.

fed
Dy
i1
s
i

3 PAR not list, or one or more 604
objects in list missing or
mnvalid.

(2)(UNDO] pressed while that 124

recovery feature disabled.

LASTARG executed while that 205
recovery feature disabled.

LowBat( 3 Replace calculator batteries (none)
{2, or replace plug-in card
batteries {F13 or {FZu,

Low Battery System batteries too low to Cl4
safely print or perform I/O.

Marmorg Tlear HP 48 memory was cleared. 005

Hame Cond lict The | (where) function 13C
attempted to assign a value to
the variable of integration or
summation index.

Math exception: Calculation 302
returned negative result,
between 0 and —MINR.

=L YE, DRAW, or RCEQ 104
executed with nonexistent FQ.
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Messages Listed Alphabetically (continued)

Message Meaning # (hex)

Plot or HP Solve application 609
executed with nonexistent EQ.

M in Fort Insufficient free memory in 00B
specified RAM port.

o5 Not enough free memory to 101

Stack save copy of the stack. LAST
STACK is automatically
disabled.
Stack objects displayed by 131
type only due to low memory
condition.
No data stored in Y DAT. 60F
Attempted to purge nonempty 12B
directory.
Execution of HP Solve 12F
application, ROOT, DRAW, or
f returned result other than
real number or unit.

Morseister Alarm list did not contain Do4
alarm specified by alarm
command.

Homsxiztent EDAT Statistics command executed 602
when X DAT did not exist.

Ohisct Dizcarded Sender sent an EOF (Z) packet| COF
with a “D” in the data field.

Obdsct In lss Attempted PURGE or STO 009

into a backup object when its
stored object was in use.
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Messages Listed Alphabetically (continued)

Message

Meaning

# (hex)

ChdgeF 1o

i

Urider§ Lo

Fogitive

Attempted to access a
nonexistent backup object or
library.

Function value, root,
extremum, or intersection was
not visible in current display.

One or more objects must be
purged to continue calculator
operation.

Math exception: Calculation
returned result greater in
absolute value than MAXR.

Received bytes’ parity bit
doesn’t match current parity
setting.

Possible IR or serial hardware
failure. Run self-test.

Used a port command on an
empty or nonexistent port, or
one containing ROM instead of
RAM. (Ports 1 and 2 don’t
exist in the HP 48G.)

Attempted to execute a server
command that itself uses the
I/0 port.

Math exception: Calculation
returned positive result,
between 0 and MINR.

00C

61F

135

303

C05

Co9

00A

301
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Messages Listed Alphabetically (continued)

Message

Meaning

# (hex)

Fower Lozt

Frootoonl Ereor

= Buf fer

) QR . I o g e e
e DAAR T

vale Eqguatlion

£r
s
o
[Tn}

Calculator turned on following
a power loss. Memory may
have been corrupted.

Received a packet whose length
was shorter than a null packet.

Maximum packet length
parameter from other machine
is illegal.

Kermit: More than 255 bytes
of retries sent before HP 48
received another packet.

SRECV: Incoming data
overflowed the buffer.

UART overrun or framing
error.

HP Solve application or ROOT
unable to find point at which
current equation evaluates to
zero, but did find two
neighboring points at which
equation changed sign.

Only one equation has been
supplied to the
Multiple-Equation Solver.

006

o7

Co4

C03

A0S

E402
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Messages Listed Alphabetically (continued)

Message

Meaning

# (hex)

.
i
B
T
a
i
ot
%)
o]
in
b}
el
]

Undef ined Constant

Undet ined Hame

Undef ined Fesuli

Printing to serial port:
Received XOFF and timed out
walting for XON.

Kermit: Timed out waiting for
packet to arrive.

Command required more
arguments than were available
on stack.

Ten successive attempts to
receive a good packet were
unsuccessful.

ISOL failed because specified
name absent or contained in

argument of function with no
inverse.

The name supplied to CONST

is not in the Constants Library.

Executed or recalled local
name for which corresponding
local variable did not exist.

Executed or recalled global
name for which corresponding
variable does not exist.

Calculation such as 0/0
generated mathematically
undefined result.

Executed an XLIB name when
specified library absent.

o2

201

Co06

130

E129

003

204

304

004
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Messages Listed Alphabetically (continued)

Message Meaning # (hex)
Mirong Fraument User-defined function 128
Count evaluated with an incorrect
number of parenthetical
arguments.
ZEro Result returned by the HP A04

Solve application or ROOT is a
root (a point at which current
equation evaluates to zero).
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No. Name No. Name

0 Last Menu 27 |PRG BRCH FOR
1 CST 28 | EDIT

2 VAR 29 | PRG BRCH DO
3 MTH 30 | SOLVE ROOT SOLVR
4 MTH VECTR 31 |PRG BRCH WHILE
5 MTH MATR 32 | PRG TEST

6 MTH MATR MAKE 33 |PRG TYPE

7 MTH MATR NORM 34 | PRG LIST

8 MTH MATR FACTR 35 | PRG LIST ELEM
9 MTH MATR COL 36 | PRG LIST PROC
10 | MTH MATR ROW 37 | PRG GROB

11 |MTH LIST 38 |PRG PICT

12 |MTH HYP 39 |PRG IN

13 |MTH PROB 40 | PRG OUT

14 |MTH REAL 41 | PRG RUN

15 | MTH BASE 42 | UNITS Catalog
16 | MTH BASE LOGIC 43 | UNITS LENG

17 | MTH BASE BIT 44 | UNITS AREA

18 | MTH BASE BYTE 45 | UNITS VOL

19 | MTH FFT 46 | UNITS TIME

20 |MTH CMPL 47 | UNITS SPEED
21 | MTH CONS 48 | UNITS MASS

22 | PRG 49 | UNITS FORCE
23 | PRG BRCH 50 | UNITS ENRG

24 |PRG BRCH IF 51 [ UNITS POWR
25 | PRG BRCH CASE 52 { UNITS PRESS
26 | PRG BRCH START
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No. Name No. Name
53 | UNITS TEMP 87 |PLOT STAT
54 | UNITS ELEC 88 |PLOT STAT PTYPE
55 | UNITS ANGL 89 |PLOT STAT SPAR
56 | UNITS LIGHT 90 |PLOT STAT TPAR
57 | UNITS RAD MODL
58 | UNITS VISC 91 |PLOT STAT DATA
59 | UNITS Commands 92 |PLOT FLAG
60 |PRG ERROR IFERR 93 |SYMBOLIC
61 |PRG ERROR 94 |TIME
62 |CHAR 95 | TIME ALRM
63 |MODES 96 |STAT
64 |MODES FMT 97 |STAT DATA
65 |MODES ANGL 98 |STAT SPAR
66 |MODES FLAG 99 |STAT SPAR MODL
67 |MODES KEYS 100 |STAT 1VAR
68 |MODES MENU 101 |STAT PLOT
69 |MODES MISC 102 |STAT FIT
70 | MEMORY 103 |STAT SUMS
71 |MEM DIR 104 [1/0
72 |MEM ARITH 105 {1/0 SRVR
73 |STACK 106 |1/0 IOPAR
74 |SOLVE 107 |1/O PRINT
75 |SOLVE ROOT 108 |I/0 PRINT PRTPA
76 |SOLVE DIFFE 109 |1/0 SERIA
77 |SOLVE POLY 110 {LIBRARY Commands
78 |SOLVE SYS 111 |LIBRARY PORTS
79 |SOLVE TVM 112 |LIBRARY Catalog
80 |SOLVE TVM SOLVR 113 | EQLIB
: 115 |EQLIB COLIB
Zi iigg §£AR 116 |EQLIB MES
85 |PLOT 3D PTYPE 17| EQLIB UTILS
86 |PLOT 3D VPAR
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ystem Fla

This appendix lists the HP 48 system flags in functional groups. You
can set, clear, and test all flags. The default state of the flags is
clear—except for the Binary Integer Wordsize flags (flags —5 through
-10).

System Flags

Flag Description

—1 | Principal Solution.

Clear: QUAD and ISOL return a result representing all
possible solutions.

Set: QUAD and ISOL return only the principal solution.
~2 | Symbolic Constants.
Clear: Symbolic constants (e, i, 7, MAXR, and MINR)

retain their symbolic form when evaluated, unless the
Numerical Results flag —3 is set.

Set: Symbolic constants evaluate to numbers, regardless of
the state of the Numerical Results flag —3.

—3 | Numerical Results.

Clear: Functions with symbolic arguments, including
symbolic constants, evaluate to symbolic results.

Set: Functions with symbolic arguments, including symbolic
constants, evaluate to numbers.

—4 | Not used.
—5 | Binary Integer Wordsize.

thru | Combined states of flags —5 through —10 set the wordsize
—10 |from 1 to 64 bits.

System Flags D-1



System Flags (continued)

Flag Description

—11 | Binary Integer Base.

and |HEX: —11 set, —12 set. DEC: —11 clear, —12 clear.

—12 |OCT: —11 set, —12 clear. BIN: —11 clear, —12 set.

—13 | Not used.

—14 | Financial Payment Mode.
Clear: TVM calculations assume end-of-period payments.
Set: TVM calculations assume beginning-of-period payments.

—15 | Rectangular: —16 clear.

and | Polar/Cylindrical: —15 clear, —16 set.

—16 | Polar/Spherical: —15 set, —16 set.

—17 | Degrees: —17 clear, —18 clear.

and | Radians: —17 set.

—18 | Grads: —17 clear, —18 set.

=19 | Clear:—V2 and ((»)(2D) create a 2-dimensional vector from 2
real numbers.
Set:—V2 and (¢»)(2D) create a complex number from 2 real
numbers.

—20 | Underflow Exception.
Clear: Underflow exception returns 0, sets flag —23 or —24.
Set: Underflow exception treated as an error.

—21 | Overflow Exception.
Clear: Overflow exception returns 49.99999999999E499 and
sets flag —25.
Set: Overflow exception treated as an error.

—22 | Infinite Result Exception.
Clear: Infinite result exception treated as an error.
Set: Infinite result exception returns +9.99999999999E499
and sets flag —26.

—23 | Negative Underflow Indicator.

—24 | Positive Underflow Indicator.

—25 | Overflow Indicator.

—26 | Infinite Result Indicator.

When an exception occurs, corresponding flag (—23 through
—26) is set only if the exception is not treated as an error.
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System Fiags (continued)

Flag

Description

-27

Display of symbolic complex numbers.
Clear: Displays symbolic complex numbers in coordinate
form (ie. *dmaus ')

Set: Displays symbolic complex numbers using *i* (i.e.
! j:':j“i"!:né'i%i ! )

—28

Simultaneous Plotting of Multiple Functions.
Clear: Multiple equations are plotted serially.
Set: Multiple equations are plotted simultaneously.

-29

Draw Axes.

Clear: Axes are drawn for two-dimensional and statistical
plots.

Set: Axes are not drawn for two-dimensional and statistical

plots.
—30 | Not used.
—31 | Curve Filling.

Clear: Curve filling between plotted points enabled.
Set: Curve filling between plotted points suppressed.

—32

Graphics Cursor.
Clear: Graphics cursor always dark.

Set: Graphics cursor dark on light background and light on
dark background.

—33

I/0O Device.
Clear: 1/0 directed to serial port.
Set: 1/0 directed to IR port.

—34

Printing Device.
Clear: Printer output directed to IR printer.
Set: Printer output directed to serial port if flag —33 is clear.

1/O Data Format.
Clear: Objects transmitted in ASCII form.
Set: Objects transmitted in binary (memory image) form.
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System Flags (continued)

Flag

Description

—36

I/O Receive Overwrite.

Clear: If file name received by HP 48 matches existing

HP 48 variable name, new variable name with number
extension is created to prevent overwrite.

Set: If file name received by HP 48 matches existing HP 48
variable name, existing variable is overwritten.

—37

Double-Spaced Printing.
Clear: Single-spaced printing.
Set: Double-spaced printing.

—38

Line Feed.
Clear: Linefeed added at end of each print line.
Set: No linefeed added at end of each print line.

-39

I/O Messages.
Clear: 1/O messages displayed.
Set: 1/0O messages suppressed.

—40

Clock Display.
Clear: Clock is not displayed.
Set: Ticking clock displayed at all times.

—41

Clock Format.
Clear: 12-hour clock.
Set: 24-hour clock.

—42

Date Format.
Clear: MM/DD/YY (month/day/year) format.
Set: DD.MM.YY (day.month.year) format.

—43

Repeat Alarms Not Rescheduled.

Clear: Unacknowledged repeat appointment alarms
automatically rescheduled.

Set: Unacknowledged repeat appointment alarms not
rescheduled.

—44

Acknowledged Alarms Saved.

Clear: Acknowledged appointment alarms deleted from
alarm list.

Set: Acknowledged appointment alarms saved in alarm list.
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System Flags (continued)

Flag

Description

—45
thru
—48

Number of Decimal Digits.
Combined states of flags —45 through —48 sets number of
decimal digits in Fix, Scientific, and Engineering modes.

—49
and
-50

Number Display Format.
Standard: —49 clear, —50 clear.
Fix: —49 sei, —5b0 clear.
Scientific: —49 clear, —50 set.
Engineering: —49 set, —50 set.

Fraction Mark.
Clear: Fraction mark is . (period).

Set: Fraction mark is , (comma).

Single-Line Display.

Clear: Display gives preference to object in level 1, using up
to four lines of stack display.

Set: Display of object in level 1 restricted to one line.

—53

Precedence.

Clear: Certain parentheses in algebraic expressions
suppressed to improve legibility.

Set: All parentheses in algebraic expressions displayed.

Tiny Array Elements.

Clear: Singular values computed by RANK (and other
commands that compute the rank of a matrix) that are more
than 1 x 10"'* times smaller than the largest computed
singular value in the matrix are converted to zero.
Automatic rounding for DET is enabled.

Set: Small computed singular values (see above) not
converted. Automatic rounding for DET is disabled.

-53

Last Arguments.
Clear: Command arguments saved.
Set: Command arguments not saved.

—56

Error Beep.
Clear: Error and BEEP-command beeps enabled.
Set: Error and BEEP-command beeps suppressed.
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System Flags (continued)

Flag Description

—57 | Alarm Beep.
Clear: Alarm beep enabled.
Set: Alarm beep suppressed.

—38 | Verbose Messages.
Clear: Parameter variable data automatically displayed.
Set: Automatic display of parameter variable data is
suppressed.

—59 | Fast Browser Display.
Clear: Variable Browser shows variable names and contents.
Set: Variable Browser shows variable names only.

—60 | Alpha Lock.
Clear: Single-Alpha activated by pressing (@) once. Alpha
lock activated by pressing (a) twice.
Set: Alpha lock activated by pressing (@) once. (Single-Alpha
not available.)

—61 | User-Mode Lock.
Clear: 1-User mode activated by pressing (¢9)(USER) once.
User mode activated by pressing («9)(USER) twice.
Set: User mode activated by pressing («q)(USER) once.
(1-User mode not available.)

—62 | User Mode.
Clear: User mode not active.
Set: User mode active.

~63 | Vectored (ENTER).
Clear: evaluates command line.
Set: User-defined activated.

—64 | Index Wrap Indicator.

Clear: Last execution of GETI or PUTI did not increment
index to first element.

Set: Last execution of GETI or PUTI did increment index to
first element.
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ble of Units

HP 48 Units
Unit (Full Name) Value in SI Units
a (Are) 100 m?
A (Ampere) 1A

acre {Acre)

arcmin {Minute of arc)
arcs (Second of arc)
atm {Atmosphere)

au (Astronomical unit)
A (Angstrom)

b (Barn)

bar (Bar)

bbl (Barrel)

Bq {Becquerel)

Btu (International Table Btu)
bu (Bushel)

°C (Degree Celsius)

c (Speed of light)

¢ {Coulomb)

cal (Calorie)

cd {Candela)

chain (Chain)

¢i {Curie)

ct (Carat)

cu (US cup)

° (Degree)

d (Day)

dB (Decibel)

4046.87260987 m?
2.90888208666 x 107* r
4.8481368111 x 10°% r
101325 kg/m-s?
1.495979 x 10 m

1x 109 m

1 x 10728 m?

100000 kg/m-s?
,158987294928 m®

11/s

1055.05585262 kg-m?/s?
03523907 m®

1 Kor274.15 K
299792458 m/s

1As

4.1868 kg-m? /s°

1cd

20.1168402337 m

3.7 x 101° 1/s

.0002 kg

2.365882365 x 107% m?
1.74532925199 x 1072 ¢
86400 s

1
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HP 48 Units (continued)

Unit (Full Name)

Value in SI Units

dyn (Dyne)

erg (Erg)

eV (Electron volt)

F (Farad)

°F (Degrees Fahrenheit)
fath (Fathom)

fbm {Board foot)

fc (Footcandle)

Fdy (Faraday)

fermi (Fermi)

flam (Footlambert)

ft (International foot)
£tUS (Survey foot)

g (Gram)

ga (Standard freefall)
gal (US gallon)

galC (Canadian gallon)
galUK (UK gallon)

gf (Gram-force)

gmol (Gram-mole)
grad (Grade)

grain (Grain)

Gy (Gray)

H (Henry)

ha(Hectare)

h (Hour)

hp (Horsepower)

Hz (Hertz)

in (Inch)

infg (Inches of mercury, 0°C)
inH20 (Inches of water, 60°F)
J (Joule)

K {Kelvins)

kg (Kilogram)

.00001 kg-m/s®
0000001 kg-m? /s>
1.60217733 x 10719 kgm?/s?
1 A2t /kg-m?
0.555555555556 K or 255.927777778 K
1.82880365761 m
002359737216 m>
10.7639104167 cd-sr/m?
96487 A-s

1x 107 m
3.42625909964 cd/m?
.3048 m

.304800609601 m

001 kg

9.80665 m/s?
003785411784 m®
.00454609m°
004546092 m>
.00980665 kg-m/s?

1 mol

1.57079632679 x 102 ¢
.00006479891 kg

1 m?/s?

1 kgm?/A?.s?

10000 m?

3600 s

745.699871582 kg-m? /s?
11/s

0254 m

3386.38815789 kg/m-s?
248.84 kg/m-s?

1 kgm? /s>

1K

1kg
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HP 48 Units (continued)

Unit (Full Name)

Value in SI Units

kip (Kilopound-force)
knot (Nautical miles per hour)
kph (Kilometers per hour)
1 (Liter)

lam {Lambert)

1b (Avoirdupois pound)
1bf (Pound-force)
1bmol (Pound-mole)
ibt (Troy pound)

Im (Lumen)

1x (Lux)

lyr (Light year)

m (Meter)

1 {Micron)

mho (Mho)

mi (International mile)
mil (Mil)

min (Minute)

miUs (US statute mile)
mmHg (Millimeter of mercuiy (torr), 0°C)
mol (Mole)

mph (Miles per hour)

¥ {Newton)

mmi (Nautical mile)

£t (Ohm)

oz (Ounce)

o0zfl (US fluid ounce)
ozt (Troy ounce)

0zUK (UK fluid ounce)
P (Poise)

Pa (Pascal)

pc (Parsec)

pdl (Poundal)

ph (Phot)

4448.22161526 kg-m/s?
.514444444444 m/s
277TTTTTTITIS m/s
001 m®

3183.09886184 cd/m?
.45359237 kg
4.44822161526 kg-m/s?
453.59237 mol
3732417216 kg

1 cd-sr

1 cd-sr/m?
9.46052840488 x 10 m
im

1x107%m

1 A%.s% kgm?
1609.344 m

0000254 m

60 s

1609.34721869 m
133.322368421 kg/m-s?
1 mol

44704 m/s

1 kg-m/s?

1852 m

1 kg-m?/A?.s*
028349523125 kg
2.95735295625 x 107° m?
0311034768 kg
2.8413075 x 1075 m?
.1 kg/m-s '
1 kg/m-s?
3.08567818585 x 10'% m
.138254954376 kg-m /s>
10000 cd-sr/m?
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HP 48 Units (continued)

Unit (Full Name)

Value in SI Units

pk (Peck)

psi (Pounds per square inch)
pt (Pint)

qt (Quart)

r (Radian)

R (Roentgen)

°R (Degrees Rankine)
rad (Rad)

rd (Rod)

rem (Rem)

rpm {Revolutions per minute)
s (Second)

S (Siemens)

sb (Stilb)

slug (Slug)

sr (Steradian)

st (Stere)

st (Stokes)

Sv (Sievert)

t (Metric ton)

T (Tesla)

tbsp (Tablespoon})
therm (EEC therm)
ton (Short ton)

tonUK (Long (UK))
torr {Torr (mmHg))
tsp (Teaspoon)

u (Unified atomic mass)
¥ (Volt)

W (Watt)

Wb (Weber)

yd {International yard)
yr (Year)

.0088097675 m>
6894.75729317 kg/m-s?
000473176473 m?®
.000946352946 m*>

1r

.000258 A-s/kg
0.555555555556 K

.01 m? /s?
5.02921005842 m

.01 m?/s?
0166666666667 1/s

1s

1 A?.s% [kgm?

10000 cd/m?
14.5939029372 kg

1sr

1 m?®

.0001 m? /s

1 m?/s?

1000 kg

1 kg/A-s?
1.47867647813 x 107° m®
105506000 kg-m? /s?
907.18474 kg
1016.0469088 kg
133.322368421 kg/ms?
4.92892159375 x 1078 m?
1.6605402 X 10727 kg
1 kgm?/A-s?

1 kgm?/s?

1 kg-m?/A.s?
9144 m
31556925.9747 s
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The Equation Library consists of 15 subjects (corresponding to the
sections in the table below) and more than 100 titles. The numbers
in parentheses below indicate (number of equations in the set, number
of variables in the set). There are a total of 315 equations using 396
variables.

Subjects and Titles

9.
10: Inductive Energy (1,3)

11: RLC Current Delay (5,9)
12: DC Capacitor Current (3,8)

Capacitive Energy (1,3)

1: Columns and Beams (14,20)

1: Elastic Buckling (4,8) 6: Simple Shear {1,7)

2: Eccentric Columns (2,11) 7: Cantilever Deflection (1,10)
3: Simple Deflection (1,9) 8 Cantilever Slope (1,10)

4: Simple Slope (1,10) 9: Cantilever Moment (1,8)

5: Simple Moment (1,8) 10: Cantilever Shear (1,6)

2: Electricity (42,56)

1: Coulomb’s Law (1,5) 13: Capacitor Charge (1,3)

2: Ohm’s Law and Power (4,4) 14: DC Inductor Voltage (3,8)
3: Voltage Divider (1,4) 15: RC Transient (1,6)

4: Current Divider (1,4) 16: RL Transient (1,6)

5: Wire Resistance (1,4) 17: Resonant Frequency (4,7)

6: Series and Parallel R (2,4) 18: Plate Capacitor (1,4)

7. Series and Parallel C (2,4) 19: Cylindrical Capacitor (1,5)
8: Series and Parallel L (2,4) 20: Solenoid Inductance (1,5)

21: Toroid Inductance (1,6)
22: Sinusoidal Voltage (2,6)
23: Sinusoidal Current (2,6)

Table of Built-In Equations F-1




Subjects and Titles (continued}

3: Fluids (29,29)

1: Pressure at Depth (1,4) 3: Flow with Losses (10,17)

2: Bernoulli Equation (10,15) 4: Flow in Full Pipes (8,19)
4: Forces and Energy (31,36)

1: Linear Mechanics (8,11) 5: 1D Elastic Collisions (2,5)
2: Angular Mechanics (12,15) 6: Drag Force (1,5)

3: Centripetal Force (4,7) 7: Law of Gravitation (1,4)

4: Hooke’s Law (2,4) 8: Mass-Energy Relation (1,3)
5: Gases (18,26)

1: Ideal Gas Law (2,6) 5: Isentropic Flow (4,10)

2: Ideal Gas State Change (1,6)  6: Real Gas Law (2,8)

3: Isothermal Expansion (2,7) 7: Real Gas State Change (1,8)
4: Polytropic Processes (2,7) 8: Kinetic Theory (4,9)

6: Heat Transfer (17,31)

1: Heat Capacity (2,6) 5: Conduction -+

2: Thermal Expansion (2,6) Convection (4,14)

3: Conduction (2,7) 6: Black Body Radiation (5,9)
4: Convection (2,6)

7: Magnetism (4,14)

1: Straight Wire (1,5) 3: B Field in Solenoid (1,4)

2: Force between Wires (1,6) 4: B Field in Toroid (1,6)

8: Motion (22,24)

1: Linear Motion (4,6) 5: Circular Motion (3,5)

2: Object in Free Fall (4,5) 6: Terminal Velocity (1,5)

3: Projectile Motion (5,10) 7: Escape Velocity (1,14)

4: Angular Motion (4,6)
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Subjects and Titles (continued)

9: Opties (11,14)

1: Law of Refraction (1,4) 4: Spherical Reflection (3,5)
2: Critical Angle (1,3) 5: Spherical Refraction (1,5)
3: Brewster’s Law (2,4) 6: Thin Lens (3,7)

10: Oscillations (17,17)

1: Mass-Spring System (3,5) 4: Torsional Pendulum (3,7)
2: Simple Pendulum (3,4) 5: Simple Harmonic (4,8)

3: Conical Pendulum (4,6)

11: Plane Geometry (31,21)

1: Circle (5,7) 4: Regular Polygon (6,8)

2: Ellipse (5,8) 5: Circular Ring (4,7)

3: Rectangle (5,8) 6: Triangle (6,10)

12: Solid Geometry {18,12) \

1: Cone (5,9) 3: Parallelepiped (4,9)

2: Cylinder (5,9) 4: Sphere (4,7)

13: Solid State Devices (33,53)

1: PN Step Junctions (8,19) 3: Bipolar Transistors (8,14)
2: NMOS Transistors (10,23) 4: JFETs (7,15)

14: Stress Analysis (16,28)

1: Normal Stress (3,7) 3: Stress on an Element (3,7)
2: Shear Stress (3,8) 4: Mohr’s Circle (7,10)

15: Waves (12,15)

1: Transverse Waves (4,9) 3: Sound Waves (4,8)

2: Longitudinal Waves (4,9)
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peration Index

This index contains reference information for all operations in the
HP 48. For each operation, this index shows:

& Name. The name associated with the operation. Operations
that can be included in programs (commands) are shown in all
uppercase.

8 Description. What the operation does. If the operation expects
arguments from the stack, the description includes the variables
which represent arguments in levels 1 (z), 2 (y), 3 (2), 4 (¢) and 5

(v).
m Type. The type of operation is given by one of the following codes:

Code Description

O Operation. Any action built into the calculator that is
represented by a name or a key.

@

Command. Any programmable operation.

Function. Any command that can be included in algebraic
objects.

A Analytic Function. A function for which the HP 48 provides
an inverse and derivative.

B Keys. The keys to access the operation. Operations that aren’t
key-accessible are identified by “Must be typed in.”

s Page. Where to find a description of the operation.

Operations whose names contain both alpha and special characters
are listed alphabetically. Operations whose names contain special
characters only are listed at the end of the index.
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balance for a number of payments for the financial
scenario currently stored in the TVM variables
(%I/YR, PMT, FV, and PV).

O SOLVE ) Solve finance...
HAHOE

Name, Key, Description, Type, and Keys Page
or Label
—A Associate left. 20-23
0 (@EQUATION) @ RULES +
@ —A Executes % F " until no change. 20-26
0 («)(EQUATION) (@) o=
A— Associate right. 20-23
0 (S)EATON) (@) F =
@AH Executes = F* - until no change. 20-26
0 () (EQUATION) (@) KULEE (¢»)
ABS Absolute value of an object {z}. 12-9
F [(MTH)YELIR
ACK Acknowledges displayed past due alarm. 26-4
¢ ((IIME) ALEM  ALE
ACKALL Acknowledges all past due alarms. 26-4
¢ (@)IHE) FL
ACOS Arc cosine of a number (&). 12-2
A (@EDS)
ACOSH Arc hyperbolic cosine of a number (z). 12-3
A (MTH) EooBrnRH
ADD Adds two lists (z and y) element by element. 17-3
¢ (MTH) LI&T  BbD
AF Add fractions. 20-25
O («)(EQUATION) (@) RULES HF
ALOG Common (base 10) antilogarithm of a number (). 12-2
A @)
AMORT Calculates the amount of principal, interest, and 18-19
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Name, Key,
or Label

Description, Type, and Keys

Page

AMORT

Calculates the amount of principal, interest, and
balance for a number (z) of payments for the
financial scenario currently stored in the TVM
variables ( #I/YR, PMT, FV, and PV).

¢ («)(SOLVE) TuH

AMRT

Calculates the amount of principal, interest, and
balance for a number {2) of payments for the
financial scenario entered in the interactive solver.

0 (+9)(SOLVE)

SEHLVE

18-19

AND

Logical AND of two expressions (¢ and y) that
evaluate to 1 or 0 or binary AND combining two
integers (¢ and y) or two strings (¢ and y).

FiHID
PRG) ¥ (NXT)

F

F

i5-4

ANIMATE

Successively displays a specified number (z) of
GROBs (y, z ... ) that are on the stack.

C PRG) NXT) #HHIH

9-10

APPLY

Creates an unevaluated expression combining an
unevaluated function name (r) with a list (y) of
evaluated arguments.

F  (&)(SYMBOLIC)(NXT) #

S
il e S

ARC

Draws arc in PICT counterclockwise from one
angle (y) to another (z) along the circle with a
center at z and radius {.

¢ (PRG]) F

BED

ARCHIVE

Makes backup copy of HOME directory.

¢ («)(MEMORY ) (NXT) #

28-5

AREA

Calculates and displays area under function graph
between two r-values specified by the mark and
cursor; returns area to stack.

0 (+)(PICTURE)

22-10

ARG

Returns polar angle (8) of a complex number ().

F o (MTH)(NXT

i

12-13

ARRY —

Returns array elements to stack.

C  Must be typed in.
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Name, Key,
or Label

Description, Type, and Keys

Page

—ARRY

Combines numbers into array.

¢ (PRG) T

HHER

14-4

ASIN

Arc sine of a number (z).

A @ED

12-2

ASINH

Arc hyperbolic sine of number (z).

A (MTH) HETHH

HiE

ASN

Assigns an object (y) to a user-key (z).

C (+)(MODES) &

Y=

30-5

ASR

Shifts a binary integer (z) one bit to the right.

¢ (MTH) BASE (NXT) EIT

15-5

ATAN

Arc tangent of a number (z).

A (9)(aTAN)

ATANH

Arc hyperbolic tangent of a number (z).

ATICK

Sets the axes tick mark annotation by a list (z)
containing the axes tick mark interval in user-units
or pixels.

¢ (¢)(PLOT) Fi NXT)aTick

ATTACH

Attaches a library (z) to current directory.

¢  ()(LIBRARY) (NXT) AT THL

28-8

AUTO

Auto-scales y-axis.

C ()(PLOT)(NXT) #uro

AXES

Specifies the plot axes using a list {z) containing
the coordinates of axes intersection, the tick mark
interval, or the axes labels, or any combination of
the above.

¢ («)(PLOT) FERE

24-1

BAR

Selects BAR plot type.

o
el B

23-19

BARPLOT

Draws bar plot of data in Y DAT.

C  («)(STAT) FLUT

21-7

BAUD

27-15
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Name, Key, Description, Type, and Keys Page
or Label

BEEP Sounds beep at a frequency (y Hz) for z seconds. 4-10
¢ (PRGY(NXT) £IT (NXT) BEER
BEG Toggles payment mode between Beginning-, or

End-, of-Month. See TVMBEG and TVMEND for
the command form of this operation.

0 (w)(SOLVE) Tu#  EEG

BESTFIT Selects statistics model yielding largest correlation
coefficient (absolute value) and executes LR.

¢ (&)(STAT) EERE HODL BESTE

BIN Sets binary base. 15-1
¢ (MTH) BHEE BlH
BINS Sorts elements in independent variable column of H-2

S DAT into a number (¢ + 2) of “bins” of a
designated width (y), starting with a minimum
data value (z).

C (w)ETIAT) 1¥AR BIHE

BLANK Creates blank graphics object, y pixels wide by z 9-9
pixels high.
C PRG) LEOE EHLAH
BOX Draws box with opposite corners defined by 9-8

coordinates z and y.

¢ (PRG) FICT

BOX Draws box with opposite corners defined by mark 9-3
and cursor.

0 («)(PICTURE) -EL LT

BOXZ Toggles expanding-box drawing mode on and off. 22-7
0 («)(PICTURE) oM BOHI
BUFLEN Returns mumber of characters in serial buffer. 27-19
¢ (QEO)NXT)EERIA BUFLE
BYTES Returns object size (in bytes) and checksum for an H-2
object (r).
¢ (&)(MEMORY) B TES
B—PV Transfers the remaining balance after an 18-20

amortization to the PV variable in preparation for
amortizing the next group of payments.

© E) Solve finance... M
ey
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entries relevant to the current field.

O [input form] CHIE

Name, Key, Description, Type, and Keys Page
or Label
B—R Converts a binary integer (z) to a real number. 15-3
¢ (MTH) BESE: Bap
CALC Copies the contents of the current field to the 6-5
stack and displays the stack. Used to make
side-calculations or take side-trips to other parts of
the calculator while working within an input form.
O [input form] (NXT)-EHLED
CANCL Erases the command line and cancels the entry in 6-7
process or exits an input form without executing
its main action.
[input form]
O [input form] THEHTL
CASE Begins CASE structure. 29-11
C : CRSE CRBE
(#9)CASE Types CASE THEN END END. 29-11
0 BROH () CHEE
(P)CASE | Types THEN END. 29-11
O (PRG) ERCH () CF
CEIL Returns next integer greater than z. 12-9
F  (MTH) EEAL (NXT)(NXT) CEIL
CENTR Sets center of plot display at specified (z, y) H-3
coordinates.
¢ ()(PLOT) FFaR (NXT) CEHT
CF Clears flag . 4-8
TEST
¢ ()(MODES) FLAG  CF
%CH Returns % change from y to «. 12-9
F (MTH) EESL. noH
#CHEK Toggles the checkmark field on and off. 6-4
O [input form] wiiHE
CHOOS Displays a choose box with additional possible 6-3
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Name, Key, Description, Type, and Keys Page
or Label
CHOOSE Creates a user-defined choose box from a title H-3
string (z), a list of objects (y), and the number (v)
of the default object to be highlighted.
¢ (PRGY(NXT) ITH % =
CHR Converts a character code () to one-character H-3
string.
¢ (PRG) T¥FE (NXT) GCHE
CIRCL Draws circle with center at the mark and radius 9-4
equal to the distance from cursor to mark.
0 ()(PICTURE) (e
CKsM Selects checksum error-detection scheme (). H-3
¢ (Qao)ior i
CLEAR Clears stack. 3-5
¢  (CLEAR) or (4)(CLEAR)
CLK Turns the clock display on and off. 4-10
0 (@)(ODE) :
CLKADJ Adds = clock ticks (1 tick = m second) to H-3
system time.
¢ ()TME)(NXT)(@NXT) &
CLLCD Blanks stack display (but doesn’t clear the stack
itself).
¢ (PRGY(NXT) 0T oo
CLOSEIO Closes I/O port.
¢ (@0)EXD)CL!
CLE Purges statistical data in Y DAT.
¢ («)(STAT) LHTH DLE
CLUSR Purges all user variables in current directory.
C  Must be typed in.
CLVAR Purges all user variables in current directory.
C  Must be typed in.
CNCT Toggles the flag controlling whether plotted points
are connected with line segments.
o) @m (NXT) DHET
CNRM 14-8

Calculates column norm of an array (;e)

¢ (MTH) HATE

Operation Index G-7




Name, Key, Description, Type, and Keys Page
or Label
CNTR Redraws graph with center at current cursor 22-8
position.
O («)(PICTURE) 200 (NXT) CHIR
—COL Transforms a matrix (z) into a series of column 14-4
vectors.
¢ (MTH) HMATE B
+COL Inserts a row of zeros at current column in 8-8
MatrixWriter application.
0 (P)(MATRIX)(NXT) +idL
COL+ Inserts a column vector (y) into an array (z) as 14-5
the column z.
¢ (MTH) HETE Bl § B
—-COL Deletes current column in MatrixWriter 8-8
application.
0 (P)MATRIX)(NXT) L0l -
COL~- Deletes column z from array y. 14-6
c (MTH) MATR ‘ol =oop
COL— Transforms a series of ¢ column vectors (y, z, etc.) 14-3
into a matrix containing those vectors as its
columns.
Cc (MTH) METE 8oL o0l
COLY Specifies dependent and indepéndent columns in H-4
Y DAT.
C  Must be typed in.
COLCT Collects like terms in expression (z). 20-18
C  («)(SYMBOLIC) Ll 0T
COLCT Collects like terms in specified subexpression. 20-21
0 ()(EQUATION) (@) ELLES
B
COLCT Collects like terms in the expression in the current 20-28
field.
0  (»)(SYMBOLIC) Hanip expr... LT
COMB Returns number of combinations of y items taken 12-4
z at a time.
F MTH) (NXT) BEGE C0ME
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Name, Key, Description, Type, and Keys Page
or Label
CON Creates a constant array from a list of dimensions 14-2
(y) and the constant number (z).
¢ (MTH) HAETE HMBEE  O0H
COND Estimates the condition number of a square matrix 14-9
(=)
¢ (MIR) M&BETRE HE o
CONIC Selects CONIC plot type. 23-11
¢ (Q)ELOT)FTYFE DOHID
CONJ Returns complex conjugate of . 12-13
F(MTH)(NXT) Rl (NXT) B0Hd
CONLIB Opens the Constants Library catalog. 25-13
¢ (EQLB)LOLIE COHLI
CONST Returns the value of the specified constant (z). 25-14
F (EQLB)COLIE £O
CONT Continues halted program. 29-9
¢ (S)CorD)
CONVERT Converts one unit object {y) to dimensions of a 10-6
different compatible unit (z).
¢ ()(UNITS) o
COPY Copies the highlighted object to a new location. 5-9
0 (p)(MEMORY) CHFY
CORR Calculates correlation coefficient of statistical data H-4
in YDAT.
cos Cosine of an angle (). 12-2
A (Co8)
COSH Hyperbolic cosine of an angle (z). 12-3
A (MTH) HYF
[e{02% Calculates covariance of statistical data in K DAT. H-4
¢ (&)EIATD) F o
CR

Causes printer to do carriage return/line feed.

¢ @@
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L

Name, Key,
or Label

Description, Type, and Keys

CRDIR

Creates a directory named .

¢ (¢)(MEMORY)

CROSS

Cross product of two vectors (y X ).

C (MTH)¥

g g
T

13-4

Returns contents of CST variable.

C  ()(MODES)

30-1

Swaps column y with column & of a matrix (2).

¢ (MTH) HMATE Lkl ett o

14-6

CYLIN

Selects cylindrical vector mode.

¢ (MTH)*

13-2

C—PX

Converts user-unit coordinates () to pixel
coordinates.

¢ (PRG) FIUT (NXT) i

9-9

C—=R

Separates a complex number (z) into two real
numbers.

CHEPL
C PRG) THFE

12-14

D

Distribute left.

0 ()(EQUATION) (@) ¥

20-24

=)D

Executes = #I1 until no change in
subexpression.

0 (#)(EQUATION) (W) FLiL.

20-26

D—

Distribute right.

O (¢)(EQUATION) (W) BULES [

20-24

()D—

Executes - =L#% 0 until no change in
subexpression.

0 (¥)(EQUATION) (@) ¥

20-26

DARCY

Calculates the Darcy friction factor for a fluid flow
as a function of the relative roughness of the pipe
{(y) and the Reynolds number (z) of the flow.

P («)(EQLIB) LIT

EDAT

Returns the contents of EDAT reserve variable to
the stack.

C (Q)(STAT) LATH

21-1
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Name, Key, Description, Type, and Keys Page
or Label

DATE Returns system date. 16-2
¢ (w)TIME) BHTE
DATE+ Adds or subtracts a number of days (z) from a 16-2
date (7).
¢ ()(TIME)(NXT) AT
—DATE Sets’system date to a specified date {z}. H-5
DBUG Halts program {z) execution before first object. 29-8
O (PRGY(NXT)  EUH  LEUG
DDAYS Returns number of days between date; (y) and 16-2
dates {z).
¢ ()IIME)(NXT) pEfvE
DEC Sets decimal base. 15-1
¢ (MTH) BREE |
DECR Decrements value of a variable (z) by 1. H-5
C (=)(MEMORY)BRITH DELR
DEFINE Creates variable or user-defined function from 5-13
equation {z}.
¢ ()(DEEF) 11-7
—DEF Fxpands trigonometric and hyperbolic functions in 20-25

terms of EXP and LN.

0 ()(EQUATION) («@) Bk

DEG Sets Degrees mode. 4-4
¢ (q)(MODES) AHLL

DEL EBrases area whose opposite corners are defined by 9-4
mark and cursor.

(@) EICTURE) (OFD)

0 (+)(PICTURE (NXT)  LEL
—DEL Deletes all characters from cursor to start of word. 2-12
0 ()(EDIT) #LEL
@f—DEL Deletes all characters from cursor to start of line. 2-12

0 (&EDIT){>) =
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Name, Key,
or Label

Description, Type, and Keys

DEL—

(?>)DEL—

Deletes all characters from cursor to start of next
word.

@)EDIT) LEL+

o ... EBIT DEL=

Deletes all characters from cursor to end of line.
QED @) LEL

O ... ERIT () EEL=

DELALARM

Deletes alarm (z) from system alarm list.

C (®)(TIME) ALENM DELAL

DELAY

Sets delay time (z seconds) between printing lines.

C (QO)FRIHT PRTFA DELEY

27-4

DELKEYS

Clears specified user-key assignment for one or
more keys (z).

¢ ()(MODES) KE%E [ELE

30-6

DEPND

Specifies name () of dependent plot variable.

¢ («)(PLOT) EFAE LEFH

DEPTH

Returns number of objects on stack.

C (<)(STACK)HEFTH -

DET

Finds the determinant of a square matrix (z).

¢ (MTH) MaIRE HoeM (NXT) BET

14-9

DETACH

Detaches specified library (z) from current
directory.

¢ (®)@BRARY) BETAL

28-8

—DIAG

Returns the major diagonal vector of a matrix (z).

¢ (MTH) HMBIRE (NXT)=DhIifG

14-5

DIAG—

Creates a matrix from a vector of diagonal
elements (y) and a list of dimensions (z).

¢ (MTH) #AERE (NXT)E

14-3

DIFFEQ

Selects the differential equation plot type.

¢ (QELOT)FTYFE DIFFE

23-11

DINV

Double invert.

O {(Q)(EQUATION) (@ EHLES LlRY

20-21

DISP

Displays an object (y) in the zth display line.

¢ (PRG)(NXT) GUT - BIEF
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Name, Key, Description, Type, and Keys Page
or Label

DNEG Double negate. 20-21
0 (®)(EQUATION) (@) RULES DHEG
DO Begins indefinite loop. 29-14
¢ (PRG) BROH Do Lo
(q)DO Types DO UNTIL END. 29-14
0 (PRG) BROH (&) DO

DOERR Aborts program execution and displays specified H-6
message (z).

¢ (PRG)(NXT)ERRLE DOERR

DOLIST Executes a program or command () on a specified 17-4
mumber of lists (y) that are on the stack.

¢ (PRG) LISt FEOD - DOLIE

DOSUBS Executes a program or command (z) on a specified 17-5
number of elements at a time (y) within a list ().

¢ (PRQ) LIzt PROD BOBLUER

DOT Dot product (y-z) of two vectors. 13-4
C MIH)YELIE BOFE

DOT+ Turns on pixels as cursor moves. 9-3

0 (®)PICTURE) ELRIT DOT+

DOT—- Turns off pixels as cursor moves. 9-3

0 («)(PICTURE) ERIT LT~

DRAW Plots equation without axes.

¢ (e)(ELOT) bEAl

DRAW Plots function as specified in current input form. 22-1
O [plot input form] DERU

DRAX Draws axes.

¢ («)(PLOT) LiEAH

DROP Drops object (z) in level 1; moves all remaining 3-5
objects down one level.

¢ (@OEoP)

DROPN Drops z objects from stack. 3-11

¢ (¢)(STACK)}(NXT) bBEFH
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Name, Key,
or Label

Description, Type, and Keys

Page

DRPN

Drops all objects from stack at and below the
current stack pointer.

O ()ETACK)(NXT) [

3-8

DROP2

Drops first two objects (y and z) from stack.

¢ ()(STACK) (NXT) R

DTAG

Removes all tags from object {z).

¢ (PRG) TYREE (NXT) DTHG

DUP

Duplicates object (z).

C  (ENTER } (when no command line) or
(x)(STACK [LiF

DUPN

Duplicates z objects on stack.

C (Q)ETACK)(NXT) [LFH

DUPN

Duplicates all objects on stack from current stack
pointer through level 1.

O ()(STACK) (NXT) [

3-8

DUP2

Duplicates objects in level 1 and level 2.

C (Q)ETACK)(NXT) [ilFZ

3-11

D—R

Degrees-to-radians conversion.

F (MTH) RFERL XT)(NXT) i

Returns the symbolic constant ¢ (or
2.71828182846 depending on flag —2).

F (()E
MTH) (NXT) ©

ECHO

Copies object in current stack level to command
line.

O ()(STACK) ECHUD

EDIT

Copies selected object into command line and
selects EDIT menu.

O [input form] "ELT

6-4

EDIT

Coples subexpression into command line and
selects EDIT menu.

0 («)(EQUATION) (<€) E

7-11

EDIT

Edits current matrix cell.

0 ()(MATRIX) F
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Name, Key, Description, Type, and Keys Page
or Label
EEX Types E or moves cursor to existing exponent in 2-2
command line.
o (EEX)
EGV Computes the right eigenvectors and the 14-21
eigenvalues for a square matrix (z).
¢ (MTH) EO(NXT) EfGH
EGV Computes the eigenvalues of a square matrix {z). 14-20
¢ (MTH) ,
ELSE Begins false clause. 29-10
PRG L
¢ (ERG)NXT)E
END Ends program structures. 29-10
¢ (BrG) (N_X—’ﬂ
ENDSUB The frame index counter for DOSUBS. 17-5
¢ (PRG) L
ENG Sets display mode to Engineering, displaying # -+ 1 4-2
significant digits.
¢ ()(NODEE)
EQ Returns the contents of the reserved variable, £Q. 22-12
@EoD)
¢ ((PLOT): E#
EQ— Separates equation {z) into left and right sides. H-6
¢ (PRG)TY¥FE (NXT) E
EQNLIB Starts the Equation Library.
¢ (@ELD)!
ERASE Erases PICT. 22-1
@FCTID)
(«9)(PICTURE) @(CLEAR)
¢ (@O ERASE
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Name, Key, Description, Type, and Keys Page
or Label
ERASE Erases PICT. 22-1
0 (B)(PLOT)ERASE
ERRM Returns last error message. H-6
¢ (PRG)(NXT)ERROE
ERRN Returns last error number. H-7
¢ (BRG)(NXT)E
ERRO Clears last error number.
¢ (PRG)(NXT)EF
EVAL Evaluates object (z). 7-13
¢ (EVAD)
EXIT Exits EquationWriter options environiment. 20-20
0 (@)(EQUATION) (@) EXIT
EXP Constant e raised to power of object (z). 12-2
A @JE)
EXPAN Expands algebraic object (z). 20-18
¢ (&)EYMBOLIC) E
EXPND Expands the algebraic object in the current field. 20-28
O @(m@ Manip expr... Ik
EXPFIT Sets curve-fitting model to exponential.
C (®)(STAT) ERAR HubL EBp
EXPM Natural exponential minus 1 (e* — 1). 12-3
A (MTH) H¥F (NXT) E8Pn
EXPR Highlights subexpression for which specified object 7-12
is top level function.
O ()(EQUATION) (<) Ei 20-19
EXTR Moves graphics cursor to nearest extremum, 22-11
displays coordinates, and returns them to stack.
0] @(P—I@m EiH E
EYEPT Specifies the x (2), y (¢), and z (z) coordinate of H-7
the eye-point in a perspective plot.
¢ («)(FLOT) Al WERE
(RXT)EYEET
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Name, Key, Description, Type, and Keys Page

E” Replace power-product with power-of-power. 20-25
o (*)EQUATON)@FRULES E

E() Replace power-of-power with power-product. 20-25
o (@)EQUATION) (@ RULES Ei7

FoA Calculates the fraction of total black-body H-7

emissive power at a given temperature {z) between
wavelengths 0 to A (y )

F ()EQLB)UTILE s
FACT Finds the factorial of #. Same as !. H-7
C  Must be typed in.
FANNING Calculates the Fanning friction factor for a fluid H-8

flow as a function of the relative roughness of the
pipe {y) and the Reynolds number (z) of the flow.

F (e)EQLB)UTILEF
FC? Tests if speciﬁed ﬂag (27) is clear. 4-8

C @(MODES] LL

FC?C Tests if specxﬁed ﬂag (.E) is clear, then clears it. 4-8
¢ @ODE) FLAn FLiC
FFT Computes the Discrete Fourier Transform of an 13-8
array ().
FINDALARM | Returns first alarm due after spec1ﬁed time (). H-8
FINISH Terminates Kermit server mode. 27-10
¢ (D) SRYR FINIE
FIX Selects Fix display mode to z decimal places. 4-2
FLOOR Returns the next integer less than z. 12-9
FM, Selects comma as the decimal place marker. 4-10

O (+&)(MODES)
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Name, Key, Description, Type, and Keys Page
or Label
FOR Begins a definite loop with beginning (y) and 29-13
ending {x) loop-counter values.
¢ (PRG) . ERT FiE
(|q)FOR Types FOR NEXT. 20-13
o (BrG)
@FOR Types FOR STEP. 29-13
O (PRG) ERLH
FP Returns fractional part of a number (z). 12-9
F(MIH) FE
FREE1 Frees the previously merged RAM in port 1 and 28-16
moves a list of objects (z) from port 0 to port 1.
FREEZE Freezes a display area () until a key is pressed.
¢ (PRG){NXT) FErre H-8
FS? Tests if specified flag (z) is set. 4-8
C B R
FS?7C Tests if specified flag () is set, then clears it. 4-8
¢ (@)(MODES) FLAL Fu7C
FUNCTION Selects FUNCTION plot type. 23-1
FV Sets the future value amount for the amortization 18-16
solver.
¢ (w)(sovE)
F(X) Displays value of function at w-value specified by 22-11
cursor. Returns function value to stack.
0 (SQFICIURE) (EXD F
F> Plots first derivative of function, replots function, 22-11
and adds derivative to £Q.
0  («)(PICTURE NXTJ -
GET Gets element in specified position (z) from array 14-7

or list (y).

¢ (PRG) LIET
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Name, Key,
or Label

Description, Type, and Keys

GETI

Gets element in specified position (z) from array
or list (y) and Increments index.

¢ (PRG).LI

GOR

Superimposes one graphics object {z) onto another
{2) at specified coordinates (y), using a logical OR
to determine the state of the pixels.

¢ (PRG)

GO|

Sets top-to-bottom entry mode.

&-8

GO—

8-8

GRAD

C @[MODES) AHGL GREAD

4-4

GRAPH

Enters Graphics environment. This is for
compatibility only.

C  Must be typed in.

GRIDMAP

Selects the GRIDMAP plot type

© @D EED

GRT

23-34

—GROB

Converts object {y) into graphics object of a
specified size (z).

¢ (PRG)

9-9

GXOR

Superimposes one graphics object () onto another
(z) at the specified location {y), using the logical
XOR to determine the state of the pixels.

C

9-9

«H

Multiplies the vertical plot scale by a factor (z).

¢ (QELOT) FEAR (NXT) #H

HALT

Halts program execution.

¢ (PRGI(NXT) ELH

29-9

HEAD

Gets the first element from a list ().

¢ (PRG) LT i (NXT) HEHD

Operation Index G-19




Name, Key, Description, Type, and Keys Page
or Label
HEX Sets hexadecimal base. 15-1
C MTH]) EHEE | HEHR
HISTOGRAM | Selects HISTOGRAM plot type. 23-18
¢ (QELOT)EXT) 5TAT FTYRE
HISTO
HISTPLOT Draws histogram of data in Y DAT.
C @(W) FLOT HIZSTE
HMS+ Adds two times (y and z) in HMS format. 12-7
¢ (Q)@TIME)(NXT) HHz+ 16-4
HMS~ Subtracts one time (z) from another (y) in HMS 12-7
format.
¢ (q)TME)(NXT) H 16-4
HMS— Converts a time (z)from HMS to decimal format. 12-7
C (Q)@TIME)(NXT) Hi&+ 16-3
—HMS Converts a time (z) from decimal to HMS format. 12-7
C (Q(IIME)(NXT) #HHKE 16-3
HOME Makes the HOME directory the current directory. 5-12
¢ (@)@EoNE)
HZIN Zooms in horizontally. 22-8
O @m Zrhme (NXT) HEIH
HZOUTN Zooms out horizontally. 22-8
O («)(PICTURE) Z(00H (NXTJHZOLT
i Returns the symbolic constant ¢ (/=1 or (0,1)). 11-4
F (o) ()l or (MTH) (NXT) LiiHE
IDN Creates square identity matrix of specified size {z). 14-2
C MTH MEEE ThH
IF Begins test clause. 29-10
C (PRG] EBEEH ir iE
(e Types IF THEN END. 29-10
O (EBRG) ERI IF
@IF‘ Types IF THEN ELSE END. 29-10

O (PRG) ERLCH () IF
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or Label
IFERR Begins test clause. 29-15
¢ (PRG)(NXT)EEROE IFEER IFERR
(®)IFERR | Types IFERR THEN END. 29-15
o (PRG)(@EXT)E (@) IFERE ‘
@IFERB Types IFERR THEN ELSE END. 29-15
0 (PRG)(NXD)ERRIRE (P)IFE
IFFT Computes the Inverse Discrete Fourier Transform 13-8
of an array (z).
¢ (MTH)(NXT)  F#E IFET
IFT Evaluates an object (z) if a test value (y) is a H-9
non-zero real number.
¢ (PRG) BREH (NXT) . 1FT
IFTE Evaluates one object (y) if a test value (z) is a H-9
non-zero real number or another object () if the
test value is zero.
F (PRG) EROH (NXT) IFTE
M Returns imaginary part of complex number or 12-14
array (7).
F (MTH)(NXT) ©HPL Ty
INCR Increments value of specified variable (). H-9
¢ («)(MEMORY) HREITH THUE
INDEP Specifies independent variable (z) in a plot. H-10
¢ @m FEAE IHDEFR
INFO Displays information about reserved variables. 27-15

O (Q)ELOT)(NXT) IHFD

QoD FF
IHED

C{-})(PLOT)(NXT) Bl MPHE
Ii- i
@mm STAT ZFAR
THED

@EID LHED

Q@Y 1o
QLD PRI
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Name, Key,
or Label

Description, Type, and Keys

Page

INFO

Displays information about the most recent
computation by the root-finder.

o (=) SOLYE IMFD

18-3

INFO?

Toggles the automatic display of parameter
variable information.

O (9)(MODES) MISC (NXT) IHFaT

INFORM

Displays a user-defined input form.

C (PRGJ(NXT) 1IH IHFOR

6-8

INIT+

Stores the values of a differential equation solution
as the new initial values to prepare for another
iteration.

O (»)(SOLVE) solve diff eq... IHIT#

19-2

INPUT

Suspends program execution, displays message (v)
above the stack, and prompts (z) for data input to
the command line.

C (PRG)(NXT) IH  IHFUT

INS

Switches between insert /replace character.

0 («)(EDIT) IHE

INV

Reciprocal of a number or array (z).

A

12-1
14-10

IOPAR

Returns the contents of the TOPAR reserved
variable.

C ()I/0) IOFAE (NXT) IOFAR

27-3

1P

Integer part of real number of z.

F (MTH) EERBL m IR

12-10

ISECT

Moves graphics cursor to closest intersection in
two-function plot, displays intersection
coordinates, and retumns coordinates to stack.

0 (Q)PICTURE) FCH ISECT

22-10

ISOL

Isolates variable (z) on one side of an equation (y).

C (s)(SYMBOLIC) I=ilL

20-15

KEEP

Clears all levels above current level.

0 (2)STACK)(NXT) KEEF
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or Label
KERRM Returns text of most recently-received KERMIT H-10
error packet.
¢ (®)I/0)(NXT) KERE
KEY Returns number indicating last key pressed. H-10
¢ (PRG)(NXT) = IH RN
KGET Gets a list of objects (z) from another device. 27-10
¢ ()@/0) ERYMR
@ Transfer... HEET
KILL Aborts all suspended programs. 29-9
¢ (PRG)(NXT) RUH G ETLL
LABEL Labels axes with variable names and ranges.
¢ (e (PLOT) (NXT) LHEEL
LABEL Labels axes with variable names and ranges. 24-1
0 («)(PICTURE) ERIT (NXT)!
LAST Returns previous argument(s) to stack.
C  Must be keyed in.
LASTARG Returns previous argument(s) to stack. 3-5
¢ (PRG)(NXT)EEFOE LEITH
LCD - Returns graphics object to stack representing stack 9-10
display.
¢ (PRG) GROE (NXT)
—LCD Displays specified graphics object (z) in stack 9-10
display.
¢ (PRG) GEOE (NXT) =l
LEVEL Enters current level number into level 1. 3-8
LIBEVAL Evaluates a system library object (). Use only as H-11
specified by HP applications.
C  Must be typed in.
LIBS Lists all libraries attached to current directory. H-11
o .
LINE Draws line between two coordinates (z and y). 9-8

LIHE

C PRG) F I

Operation Index G-23




Name, Key,
or Label

Description, Type, and Keys

LINE

Draws line from mark to cursor.

0 (|)PICTURE) ElIT 11HE

ZLINE

Returns best-fit line for data in X DAT according
to selected statistical model.

C (Q)STAT) FIT ELIHE

LINFIT

Sets curve-fitting model to linear.

¢ (@EED

MODi LIHED

LININ

Tests whether an expression (z) is a linear
function of a variable (y).

F (PRG)TEZT ()EREV)LIHIH

LIST—

Disassembles a list (¢) into its constituent
elements.

C  Must be typed in.

—LIST

Combines z objects (y, z, etc.) into a list.
PRG) TWFE #LI&T
C (PRG) LIET =L1=27%

17-1

—LIST

Combines objects from level 1 to current level into
a list.

O (P)STACK) #L 15T

3-8

XLIST

Adds together all of the elements in a list (z).

C (MTH) List ZELisT

17-8

NLisT

Multiplies together all of the elements in a list (z).

¢ (MTH) LIsT whisl

17-8

ALIST

Finds the set of first differences of a finite sequence
in a list ().

¢ (MTH) List sl

17-8

LN

Natural (base e) logarithm of &.

A (@)IN)

12-2

LNP1

Natural logarithm of (z + 1).

A (MTH) HYP m EERpE

12-3

LOG

Common (base 10} logarithm of z.

A @D
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LOGFIT Set curve-fitting model to logarithmic.
¢ (9)(STAT) EZFAE DL LOGEI
LQ Returns the LQ factorization of a matrix {z). 14-21
LR Calculates linear regression. H-12
¢ (Q)(STAT) FIT LR
LSQ Computes the minimum norm least squares 14-15

solution to an under- or over-determined system of
linear equations AX == B, where A (y) is the
matrix of coeflicients and B (z) is the vector of
right-hand constants.

Cﬁ)m

¢ (MTH) H&T1
LU Returns the Crout LU factorization of a square 14-21
matrix (z).

C (MTH) MBIR FROTR O

L* Replace log-of-power with product of- log 20-25

0 ()(EQUATION) (@) &

L() Replace product-of-log with log-of-power. 20-25

0 (9)(EQUATION) (@)

—M Merge-factors-left. 20-24

0 @(EQDATIO\‘ ) () BLIL

@ —M Executes

subexpression.

0 («)(EQUATION) (@) &

until no change in 20-26

M— Merge-factors-right. 20-24

0 ()EImI) (F

@ M— Executes i}
subexpression.

0 (9)(EQUATION) (W

until no change in 20-26

MANT Mantissa (decimal part) of number (). 12-10

F MTH)
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Name, Key, Description, Type, and Keys Page
or Label
MARK Sets mark at cursor position. 9-3
(«)(PICTURE) (X)
0 (+)(PICTURE) ELTT (NXT) HARE

MATCH Accesses the pattern matching functions within 20-28
the symbolic input form.

O (»)(SYMBOLIC) Hanip expr... T

TMATCH Rewrites an expression (y) using a H-12
pattern-matching list (x) to replace particular
subexpressions, searching the most deeply nested
subexpressions first.
¢ (+){(SYMBOLIC)(NXT)

IMATCH Rewrites an expression (y) using a H-12
pattern-matching list () to replace particular
subexpressions, searching the top-level expressions
first.

C  («)(SYMBOLIC)(NXT)

MAX Maximum of two real numbers (¢ and y). 12-10
F (MTH]} EE#! i ih

MAXR Returns the symbolic constant MAXR, the 11-4
maximum machine-representable real number
(9.99999999999E.499).
F MTH) (NXT) & NXT

MAXE Maximum column values in statistics matrix in H-12
YDAT.
C  (9)(STAT) 1%

MCALC Declares the specified variable or list of variables H-13
{z) to be “calculated-only.” Used only in
conjunction with MROOT.
¢ (u)EQLIB) HE:

MEAN Calculates mean of statistical data in Y DAT. H-13

MEM Bytes of available memory. H-13
¢ («)(MEMORY) . HEHN

MENU 30-1

Displays the specified built-in or custom menu (7).

¢ («)(MODES)
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Name, Key, Description, Type, and Keys Page
or Label

MENU Toggles the softkey menu on and off. 22-6
QECTRD O
0 (|FICIURE) EBIT (NXT) MEHL
MERGE1 Merges plug-in RAM memory in port 1 with main 28-16
memory.
¢ (@)(UBRAEY)
MIN Minimum of two real numbers (y and z). 12-10
MINEHUNT Starts the Minehunt game. 25-14
o @m TS e
MINIT Creates a new Mpar from EQ. 25-9
¢ (@EQLE) MES M

MINR Returns the symbolic constant MINR, the 11-4
minimum machine-representable real number
(1.00000000000E —499).

F (MTH)(NXT) i NXT

MINZ Finds minimum column values in statistics matrix H-13
in YDAT.
C @m MITME

MITM Customizes the solver menu, using a title string 25-9

(y) and a list of variables ().

C («)EQLB) HME:Z ®MITH

ML Chooses multiple-line or single-line display for 4-10
multiline results.

0 (+9)J(MODES) = FHT ML

MOD Returns the modulus remainder of y divided by . 12-10
F MTH) EEAL S HOD
MOVE Moves the selected variable(s) to a new directory. 5-10
MSGBOX Creates a user-defined message box from a string H-14
(x)-
¢ (PRG)(NXT) U1 HagE

Operation index G-27



Name, Key, Description, Type, and Keys Page
or Label
MROOT Solves a set of equations for the specified variable H-14
(z) starting with only user-defined values {(see
MUSER and MCALC).
¢ (EQLB) MEZ MROD
MSOLVR Begins the solver using the current contents of the 25-9
reserved variable £ Q.
¢ (EQLB) MEE MzOL
MUSER Makes the specified variable or list of variables (z) H-14
user-defined. Used only in conjunction with
MROOT.
¢ (EQLIB) MEZ HMUSE
NDIST Returns the normal probability distribution (bell 12-5
curve) at z based on the variance (y) and mean
(2) of the normal distribution.
¢ (MTH)(NXT) FROE (NXT)HBIZT
NI Returns number of rows in £ DAT. H-15
¢ («)(STAT) ZUME  HE
NEG Negates z. 12-1
A or CHEL
HEG
NEW Creates a new, named object.
0 (=)(MEMORY) HEW 5-6
NEW Creates a new alarm.
0 @ TIME ) Browse alarms... HEW 26-5
NEWOB Converts object (r) taken from a composite object H-14
or variable into a new, independent object.
C (&)(MEMORY) HEHWO
NEXT Ends a definite-loop structure. 29-12
EFECH STHET HERT 29-13
¢ (PRG) BELH ~FilR HE®T
NEXT Displays but does not execute next one or two 29-9

objects in suspended program.

0 (FRG) (XD _ HEET
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Name, Key, Description, Type, and Keys Page
or Label

NOT Returns the binary or logical NOT of z.
27 (NXT) - Har H-15
F SE (NXT)LOGIo oHar 15-4
NOVAL Place holder for reset and initial values in

user-defined dialog boxes. NOVAL is returned to
the stack when a field is empty.

¢ (PRG)(NXT) IH HEH

NSUB Provides a way to access the current frame number 17-5
during an iteration of a program or command
applied using DOSUBS.

C (PRG) EiI&T RFEOO

NUM Returns character code of first character in string H-15
C (PRG).IYFE (NXT) HLIH

NUMX Sets the number of x-steps for each y-step in 3D H-15

perspective plots.

¢ («)(PLOT e HEAR
(NXT) B

NUMY Sets the number of y-steps across the view-volume H-15
in 3D perspective plots.

-+NUM Converts a symbolic object (&) to a number, as far 11-5
as possible.

¢ @CET

NXEQ Changes the current equation by rotating the 22-11
elements in the list in £Q.

O («)(PICTURE) FiH  (NXT) HuEX

OBJ— Separates a composite object {¢) Into its H-16
components.

PRG

LIzt o 17-7
¢ (&)(CHARS) (\XT)
OoCT Sets octal base. 15-1
¢ (MTH) BHSES 007
OFF Tuarns calculator off.
¢ (PRG)(NXT)  ELH  (NXT
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Name, Key,
or Label

Description, Type, and Keys

Page

OK

Accepts the values of all the fields as they are
currently displayed or performs the main action of
the input form.

[input form] (ENTER

O [input form] CiE

6-7

OLDPRT

Remaps HP 48haracter set to match HP 82240A
Infrared Printer.

¢ (QE/O)ERIHT FETERA OLI

OPENIO

Opens serial port.

¢ (@O} (NXT)EERTT

27-3

OPTS

Selects plot options.

O (»)(PLOT)all plot types LFTEH

22-2

OR

Logical OR of two expressions {z and y) that
evaluate to 1 or 0 or binary OR combining two
integers (¢ and y) or two strings (z and y).

BRZE LOGIC OF

¥ PRG 57 NXT ok

15-4
H-16

ORDER

Rearranges VAR menu in order specified in list ().

¢ ()(MEMORY) IR ORLER

H-16

OVER

Duplicates the object in level 2 in level 1.

¢ (&)(STACK) LHER

3-12

YPAR

Reserved variable that stores statistical regression
data.

¢ («)(STAT) EFAR EFAR

21-12

PARAMETRIC

Selects PARAMETRIC plot type.

¢ («JELOT)BITYFE FPREA

23-7

PARITY

Sets the specified parity value {z).

¢ (9)@O)iarRRE FRELT

H-17

PARSURFACE

Selects PARSURFACE plot type.

¢ @EODEED & PTYRE

23-35

PATH

Returns list containing path to current directory.

¢ {()(MEMORY) i FHETH

H-17
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or Label

PCOEF Finds the coefficients of the polynomial with the 18-10
specified array of roots (z).
¢ («)(SOLVE) FioLY FLOOEF
PCONTOUR Selects the PCONTOUR plot type. 23-30
¢ ()(PLOT) B FTYRE
FLOM
PCOV Calculates the population covariance. H-17
PDIM Replaces PICT with a blank PICT of specified 9-8
dimensions (y) and (z).
¢ {(PRG) FICT F 24-3
PERM Returns the permutations of y items taken z at a 12-4
time.
F  (MTH)(NXT) F& FERR
PEVAL Evaluates a polynomial with a specified array of 18-11
coefficients (y) at a given value (z).
¢  (+)(SOLVE) FiiLy
PGDIR Purges specified directory (¢} and all of its H-17
contents.
C @m} elE S FRDEE
PICK Copies object in level z to level 1. 3-12
¢  (¢:)(STACK) FIEE
PICK Copies object in current level to level 1. 3-7
O @m PR
PICT Puts the name PICT on the stack. 9-8
¢ (PRG) FILT FIOT
PICT— Copies the current PICT as a graphic object and 22-6

puts it on the stack.

(@) EICTURE) GT0)
o @EICIIRD) 6T (RET) (EED)
FICTS

PICTURE Enters Graphics environment. 9-2

C  («)(PICTURE)
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or Label

Description, Type, and Keys

Page

PINIT

Initializes all ports containing RAM without
erasing data.

¢ («)(LIBRARY)(NXT)F

LT

28-14

PIXOFF

Turns off specified pixel (z) in PICT.

¢ (PRG) FICT (NXT)FIEOE

9-8

PIXON

Turns on specified pixel (¢) in PICT.

¢ (PRG) FIET (NXT)FIHOH

9-8

PIX?

Tests whether specified pixel (¢) in PICT is on or
off.

¢ (PRG) Fled (NXT) FIH?

9-9

PKT

Used to send a command string (y) of a given type
(z) to a Kermit server.

¢ (/0] EEVE

27-13

PMAX

Sets upper-right plot coordinates (z).
C  Must be typed in.

H-17

PMIN

Sets lower-left plot coordinates ().

C  Must be typed in.

H-18

PMT

The payment variable in the amortization solver.

C (®)(SOVE) TuH

18-16

POLAR

Selects POLAR plot type.

¢ («ELOT)ETYFE FOLAR

23-4

POS

Returns the position of substring () in string (y)
or object (z) in list {y).

¢ (PRG) L1I&7

ik Fis

17-6

PRED

Using the current regression model, calculates the
predicted value of one variable given the value of
the other.

O (¢?)(STAT)Fit Data... FREDR FRED

21-10

PREDV

Returns predicted value for dependent variable,
given value of independent variable (z).

C  Must be typed in.

H-18

PREDX

Returns predicted value for independent variable,
given value of dependent variable {z).

¢ (¢)(STAT) FIT PRELY
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Name, Key, Description, Type, and Keys Page
or Label
PREDY Returns predicted value for dependent variable, H-18
given value of independent variable (x).
¢ («)(BTAT) FIT
PRINT Prints an object. 27-4
0 (@)(TO)rrint... F
PRLCD Prints current display.
C @- ST T
@- Print dlsplay
Simultaneously press and
PROMPT Displays prompt string (z) in status area and halts H-19
program execution.
C (PRG}(NXT)  iH NXT
PROOT Computes all roots of a polynomial with the 18-10
specified array of coefficients ().
¢ («)(SOLVE) FiiLy
PRST Prints all objects on stack. 27-6
¢ @O)FRINT
PRSTC Prints all objects on stack in compact format.
¢ (JIO)" :
PRTPAR Reserved variable that contains the current printer 27-3
settings.
¢ @D FRINT PRT
PRVAR Prints name and contents of one or more variables 27-6
{r), including port names,
PR1 Prints object in level 1. 27-6
¢ @@
PSDEV Calculates population standard deviation. H-19
C  (+)(STAT) W@k (NXT)F
PURGE Purges one or more specified variables («}. 5-12

¢ («)(PURG)
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Name, Key,
or Label

Description, Type, and Keys

Page

PURG

Purges selected objects or alarms.

()(MEMORY } (NXT) PURE
O @ Browse Alarms... [

Purges all variables for current title.

0 (»)(EQLIB)... ¥BEZ (NXT)

PUT

Replaces element in specified position (y) in array
or list {z) with another element ().

¢ (PRG) L B =

14-7

PUTI

Replaces element in specified position {y} in array
or list (z) with another element (z} and
increments index.

C PRG) L0

T

1%

Present value of a loan in the amortization solver.

¢ (@)(SOWVE) Twh =0LYE

18-16

PVAR

Calculates population variance.

C (®)ETAT) ¢ (NXT) FuaR

PVARS

Returns list of current backup objects and libraries
within a port (z).

¢ (¢ (LIBRARY}F

28-4

PVIEW

Displays PICT with specified pixel coordinates {z)
as the upper-left corner.

C  (PRG)(NXT]) QT

H-19

PWRFIT

Set curve-fitting model to Power.

C_ (x)(STAT) &

PYR

Payments per year in the amortization solver.

18-16

PX—=C

Converts pixel coordinates (z) to user-unit

coordinates.
NXT)

C  (PRG) Fi

9-9

Converts number (z) to fractional equivalent.

¢ («=)(SYMBOLIC)(NXT) - i

16-5

QR

Computes the QR factorization of a matrix ().

C MTH])

14-21
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QUAD Solves a first or second order equation (y) for a 20-15
given variable (z).

¢ («)(SYMBOLIC) GHIAL

QUOTE Returns argument expression () unevaluated. H-20
F  («)(SYMBOLIC) (NXT)(NXT) @it

— Q7 Calculates and compares quotients of number (z) 16-6
and number/ 7, returning the one with the smaller
denominator.

C  (&)(SYMBOLIC) (NXT) ~*fn

RAD Sets Radians mode. 4-4

¢ (=)(MODES) #} RAD
(+)(RAD)
RAND Returns random number, and updates the 12-4

random-number seed.

C MTH) (NXT]) FEUE

RANK Computes the rank of a rectangular matrix («). 14-9
¢ (MTH) M&aTE. MoEn (NXT) BEHEEE

RANM Creates a matrix with random elements from a list 14-3
of specified dimensions (z).

C (MTH) HEIE HHEEE EHHB

RATIO Prefix form of / used internally by EquationWriter H-20
application.
F Must be typed in.

RCEQ Returns equation(s) in £@ to level 1. H-20

¢ (@CLOT)[NXT) &k Ef

RCI Multiples the specified row () of an array (z) by a 14-19
factor (y).
C (MTH) HMETE RO EO

RC1J Multiples a specified row (y} of an array (t) by a 14-19

factor (#) and adds the result to another row (z).
C (MTH) BETR CROW RODY

RCL Recalls object stored in specified variable (z) to 7-11
stack.

¢ (@&
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RCL Recalls the selected object to the stack. 5-9
0 (O)(MEMORY) (RXT) Rl
RCLALARM | Recalls specified alarm (z) from system alarm list. H-21
RCLF Returns binary integer representing states of 24-7
system flags.
C (xJ(MODES) FLAL (NXT)
RCLEKEYS Returns list of current user-key as&gmnents 30-7
¢ (QEODES) |
RCLMENU Returns menu number of current menu. H-21
RCLXE Recalls current statistical matrix in Y DAT. H-21
C @(STM‘ ) ETH
RCWS Recalls binary integer wordsize. 15-2
¢ (MTH) BHZE (NXT) BLHE
RDM Redimensions the elements of an array (y) 14-10
according to the specified dimensions (z).
¢ (MTH) ‘
RDZ Sets random number seed. 12-4
¢ (MTH)(NXT) FEOR  BLOE
RE Returns real part of complex number or array (z). 12-14
F (MTH)(NXT) RE
RECN Waits for specified data (z) from remote source H-21
running Kermit software.
¢ (@0 EED)
RECT Sets Rectangular mode. 13-2
C MTH NXT
RECV Waits for sender-specified data from remote source

running Kermit software.

¢ Q@
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RECV Prepares the HP 48 to receive data. 27-11
0O @- (1/0) Transfer. &
REPEAT Begins loop clause if the result of the test-clause 29-14
{«) is non-zero; otherwise execution resumes
following the correspondmg END.
¢ (PRG) EEQD
REPL Replaces portion of object (2} with another like
object {(z) sta.rtmg at the speaﬁed position (y).
| 17-7
C H-22
REPL Replaces portion of PICT with level-1 graphics 9-4
object.
0 @ PMURE
REPL Replaces one symbolic pattern with another in an 7-12
expression.
0 («)(EQUATION) (d) EEFL
RES Sets spacing (z) between plotted pomts H-22
¢ (e)(PLoT)
RESET Resets current field value {or, at user’s discretion, 6-6
all field values in current input form) to its default
setting.
0 (P)(PLOT)(NXT)H
RESET Resets plotting parameters to their defaults. 22-14
@)ELon XD
HES
0 (&)(LoT) #FH
RESTORE Replaces HOME directory with the specified 28-6
backup copy (z).
¢ («)(MEMORY)(NXT)
REVLIST Reverses the elements in a list (z). 17-6

¢ L]
L1
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or Label

Description, Type, and Keys

RKF

Uses a list (z)—containing the name of the time
variable, the name of the solution variable, and the
differential function—and the absolute error
tolerance (y) to compute the solution of the initial
value problem at a point () using the
Runge-Kutta-Fehlberg (4,5) method.

C (J(SOLVEJLIFFE FEF

RKFERR

Uses a list {y)—containing the name of the time
variable, the name of the solution variable, and the
differential function—and a possible step size ()
to compute the change in solution and an absolute
error estimate for that step using the
Runge-Kutta-Fehlberg (4,5) method.

C ()OWE)IFFE REFE

RKFSTEP

Uses a list (z)—containing the name of the time
variable, the name of the solution variable, and the
differential function—and a possible step size (z)
to compute the next solution step of the initial
value problem using the Runge-Kutta-Fehlberg
(4,5) method such that the specified absolute error
tolerance (y) is satisfied.

C (9)(SOLVE)IFFE REF=

RL

Rotates binary integer (z) left by one bit.

C (MTH) BASE (NXT) BIT Bl

15-5

RLB

£
Rotates binary integer (z) left by one byte.

¢  (MTH) EAZE (NXT) BYTE: RiLE

RND

Rounds numerical object (y) to the specified
number (z) of decimal places or significant digits,

F (MTH) REERL (NXT)(NXT)

R

12-10

RNRM

Calculates row norm of array ().

¢ (MTH) HRTIRE HOREH

14-8

ROLL

“Rolls up” z levels of the stack, so that level z+1
moves to level 1.

C  («)(STACK) ROLL

3-12

ROLL

“Rolls up” stack so that pointer level moves to
level 1, level 1 moves to level 2, and so forth.

O (2)STACK) RilLi

3-8
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ROLLD “Rolls down” z levels of the stack so that level 2 3-12
{y) moves to level z.

¢ ()ETACK]ROLLE

ROLLD “Rolls down” stack, so that level 1 moves to 3-8
pointer level, level 2 moves to level 1, and so forth.

0 (2)(STACK) ROLLD

ROOT Solves for unknown variable (y) in equation (z), H-23
beginning the search from an inital guess ().

¢ («)(SOLVE) ROOT ROOT

ROOT Moves graphics cursor to intersection of function 22-10
plot and z-axis, displays value of root, returns
value to stack.

0 («)(PICTURE) FLH  ROOT

ROT Moves object in level 3 to level 1, moves up objects 3-12
in levels 1 and 2. ‘

¢ («®)ETACK) EOT

ROW+ Expands an array {z) by inserting a row vector () 14-5
at the specified row number (z).

¢ (MTH) MATR ROM. EOWH+

+ROW Inserts row of zeros at current row in Matrix 8-8
Writer.
0 ()(MATRIX)(NXT) +EIH

ROW-— Deletes the specified row (z) of an array (y). 14-6
¢ (MTH) METES B0 ROH-

—ROW Deletes current row in Matrix Writer. 8-8
0 (@)MATRIX)(NXT) ~RiH

—+ROW Disassembles an array {z) into its component row 14-4
vectors.
¢ (MTH) HEIE - EDOY #ROH

ROW — Assembles a sequence of row vectors { ... , z, ¥) 14-3

into a matrix containing & rows.

¢ (MIB) HETRE EOW. BObs

RR Rotates binary integer {z) right by one bit. 15-5
C = BIT RE
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Name, Key,

Description, Type, and Keys

Page

RRB

Rotates binary integer () right by one byte.

C (MTH) EBEASE (NXT) BYIE  RBER

15-5

RREF

Computes the reduced row echelon form of a
rectangular matrix (z).

C (MTH) HMATE F&L

14-20

RRK

Uses a list {z)—containing the name of the time
variable, the name of the solution variable, the
differential function and its first two derivatives—
and the absolute error tolerance () to compute
the solution of the initial value problem at a point
(r) using the Rosenbrock and Runge-Kutta
methods.

¢ («)(SOLVE) HIFFE

H-23

RRKSTEP

Uses a list (1)—containing the name of the time
variable, the name of the solution variable, the
differential function and its first two derivatives—
the absolute error tolerance (z), a possible step
size (y), and a value (2} indicating the solution
method used in the previous step. Computes the
next solution step of the initial value problem
using a combination of Rosenbrock and
Runge-Kutta methods.

C («)(SOWE)IFFE

i
3

H-24

RSBERR

Uses a list (y)—containing the name of the time
variable, the name of the solution variable, the
differential function, and its first two derivatives—
and a possible step size (v) to compute the change
in solution and an absolute error estimate for that
step using a combination of Rosenbrock and
Runge-Kutta methods.

C («)(SOLVE) L:1F

FE REEER

H-24

RSD

Computes the residual z-yz of three arrays.

C MTH) '

14-17

RSWP

Swaps two specified rows (y and z) of an array (z).

¢ (MTH) ¥

14-6

R—B

Converts a positive real integer {z) to its binary
integer equivalent.

C MTH])  #
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R—C Combines separate real (y) and imaginary (7) 12-14
components into one complex number (or array).

R—D Converts a angle measure (z) from radians to 12-7
degrees.
F_(MTH XD (XT)

SAME Tests two objects (y and z) for equality. H-24
¢ (PRG) TEET (NXT) !

SBRK Sends serial break. 27-18
¢ @0 EED)! '

SCALE Sets horizontal (y) and vertical (z) scale of PLOT H-24
axes.
¢ (@@L

SCATRPLOT | Draws scatter plot of statistical data in X DAT. 21-11

SCATTER Selects SCATTER plot type. 23-20

SERTT

SCHUR Computes the Schur decomposition of a square 14-22
matrix (z)
SCI Sets Scientific display mode with z decimal places. 4-2
¢ («&)(MODES) FHMT
SCLE Autoscales data in Y DAT for scatter plot.
C Must be typed in.
SCONJ Conjugates contents of variable {x}. H-24
¢ ()MEMORY)REITH (NXT) = j
SDEV Calculates standard deviation for each of the H-25

columns in Y DAT.

¢ (e)(STAT) 1Y

SEND Sends a copy of a variable {2} to a Kermit device. H-25

¢ @@ ®
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SEND Sends the specified object(s) in the manner 27-10
designated in the input form.
O @ [various]
SEQ Generates a sequence (a list) from an expression 17-7
(v} involving a variable (¢) whose value is
incremented from z to y in steps of size z.
C o (NXT
SERVER Puts HP 48nto Kermit Server mode.
C (/0] HEVE SERVE
SF Sets specified flag (z). 4-8
¢ («(MODES) FL#fx =
SHADE Shades the area between the graph of a function 22-10
and the z-axis or between two graphs, between the
z-values defined by the mark and cursor.
0 («)(PICTURE) F SHALE
SHOW Reconstructs expression (y) to make explicit all 20-17
references to a variable (z).
C  («)(SYMBOLIC) &l
SIDENS Calculates the intrinsic density of silicon as a H-25
function of temperature (z).
F («)EQLIB)UTILE
SIGN Returns sign of a number (). 12-10
F REAL (NXT) Z1GH
Returns unit vector of a complex number (z). 12-14
F (MTH)(NXT) oHFL: (NXT) Sios
SIMU Toggles between simultaneous and sequential 23-2
plotting of multiple functions.
O ()PLOT)(NXT) FLan =ipy
SIN Sine of z. 12-2
A
SINH Hyperbolic sine of z. 12-3
A (MTH) HYF  STHH
SINV Replaces contents of variable (z) with its inverse. H-25
C ()(MEMORY)HEITH (NXT) &
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SIZE Finds dimensions of list, array, string, algebraic
object, or graphics object (z).
PRG) LIET ELEHN 17-6
¢ (PRG) GEOE (NXT) 9-10
SIZE Displays the size of the selected object in bytes 5-11
and the amount of available memory.
O ()MEMORY)(NXT) HIZE
«~SKIP Moves cursor left to next logical break. 2-12
SKIP 2-12
SL Shifts a binary integer () left by one bit. 15-5
¢ (MTH) BREE (NXT) BIT . 5L
SLB Shifts a binary integer (z) left by one byte. 15-5
SLOPE Calculates and displays slope of function at cursor 22-10
position, returns slope to stack.
O («)(PICTURE) i
SLOPEFIELD | Selects the SLOPEFIELD plot type. 23-25
¢ (@ED 20
SNEG Negates contents of variable (z). H-26
C  («)(MEMORY) #iE
SNRM Computes the spectral norm of an array (z). 14-8
¢ (MTH) HETE
SOLVE Initiates the solving procedure for the current 18-1
problem,
O (2)(SOLVE) [various] HLLHE
SOLVEQN Sets up the solver with a built-in equation set— H-26
designated by subject (2) and title {y)—and loads
the accompanying diagram into PICT if specified
(v).
C @m ELHOTE SOLWE
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or Label
SORT Sorts the elements in a list (z) in ascending order. 17-6
SPHERE Sets spherical coordinate mode. 13-2
¢ (MTH)
SQ Returns square of z. 12-1
A @@
SR Shifts a binary integer (z) right by one bit. 15-5
¢ (MTH) BAZE (NXT) BIT
SRAD Computes the spectral radius of a square matrix 14-9
¢ (MTH) HATE HO
SRB Shifts a binary mteger {z) right by one byte. 15-5
¢ (MTH) BRZE (NXT) |
SRECV Reads specified number of characters («) from 27-18
serial port.
¢ (EO)NXIT)= PR
SST Single-steps through suspended proglam 29-8
0 (PRE)(XT) RU
SST) Single-steps through suspended program and its
subroutines.
0 (PRG)Y(NXT) FlH %
START Begins definite loop. 29-12
C BROH
(&) START Types START NEXT.
0
(£2)START | Types START STEP.
O (PRG) EBELH ()57
STD Sets Standard display mode. 4-2
¢ {«)(MODES) FHT T
STEP Ends definite loop.
29-12
C 29-13
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Name, Key, Description, Type, and Keys Page
or Label

STEP FExecutes the next step in a step-wise 20-10
differentiation.

O ()(SYMBOLIC) Differentiate. ..

STEQ Stores equation (z) in EQ. 18-7

@ECD®
¢ (EFLOT)(NXT) . &l (e) E#

STIME Sets serial transmit/receive timeout {z seconds). 27-18
¢ @QIOEXT)
1STK Selects Interactive Stack.
@ T 3-7
0 (P)(NATRX) (RXT) + o

—STK Copies the currently highlighted element in the 8-8
MatrixWriter to the stack.

0 (P)(MATRIX)(NXT)

~+STK Coples the equation set to the stack. 25-4
0 (2)EQLIB)(ENTER) - 4
STO Stores object (y) in variable (z). 5-11
¢ (519)
STOALARM | Stores alarm {z) in system alarm list. H-26
C @(W] ALER
STOF Uses a binary integer (z) to set state of system 24-7

flags or a list of two binary integers (z) to set state
of system flags and user flags.

¢ ()(MODES) Fi.ff (NXT) &7
STOKEYS Uses a list (z) to make multiple user-key 30-5

assignments.
¢ (s)(MODES) G BT

STO+ Adds number or other object to the contents of H-27
specified variable.
C («)(MEMORY)HEITH 8T+

STO~ Calculates difference between contents of specified H-27

variable {y). and specified number or other object,
and stores result in specified variable.

¢ ()(MEMORY)

—

PH BT
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0 («)(EQUATION)(«4) =iE

Name, Key, Description, Type, and Keys Page
or Label
STO= Multiplies contents of specified variable by H-27
specified number or other object.
¢ («)(MEMORY)HARITH
STO/ Calculates quotient of contents of specified H-27
variable and specified number or other object, and
stores result in specified variable.
¢ ()(MEMORY }BRITH STl
STOXZ Stores current statistics matrix (z) in YDAT. H-28
¢ (9)(sTAT) ERAT
STR— Evaluates a string (r) as if its text were entered
from the command line.
C  Must be typed in.
—S8TR Converts an object () into a string. H-28
¢ (PRG) THFE =ETE
STREAM Takes an object {z) (normally a program or 17-5
command) and applies it to every element of a list
(¥)-
¢ (PRG) LigzT F D E
STS Displays a status line showing the current 6-5
directory, the modes and flags that are set, and the
current date and time.
O [input form] (NXT) EHLE 558
STWS Sets binary integer wordsize to z bits. 15-2
¢  (MTH) E(NXT) 2Tl
SUB Extracts the portion of list, string, array, or
graphics object {z) specified by start (y) and end
(¢) positions.
LIsT EUE 17-7
(«)(CHAR) =uE
MTH]) HATE  FAREE SR
C (PRG) GEOE SLE 9-10
SUB Returns specified portion of PICT to stack. 9-4
0 (J(PICTURE) ELIT
SHE
SUB Returns specified subexpression to stack. 20-20
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Name, Key, Description, Type, and Keys Page
or Label

SVD ‘ompute the singular value decomposition of a 14-22
rectangular matrix {z).

¢ (MTH) HMBIR FRIDIE .2

SVL Computes the singular values of a rectangular 14-22
matrix {z).
¢ (MTH) HETE FROTE (NXT) s¥L
SWAP Exchanges objects in levels 1 and 2. 3-4
¢ (Q)EWAP)
SYM Selects whether or not symbolic constants evaluate 4-10

to numbers.

0 ()(MODES) HMizf &
SYSEVAL Evaluates a system object (z). Use only as H-28

specified by HP applications.
C  Must be typed in.

«T Move term left. 20-22

0 (@EQATON) @ FuU

@ =T Executes - #7T until no change in 20-26
sube‘{prf,ssion

i
{5

T Move term right. 20-22

0 («))(EQUATION) (@) RULES
@T—v Executes T+ . until no change in 20-26
subexpression.

0 (&)[FQUATION) (@ RULES @) T#

%T Returns percent fraction that z is of y. 12-9

F  (MTH) RERL ol £

—TAG Tags (labels) an object (y) with a name or H-28
descriptive string ().

¢ (PRG) ITYFE =78GC

TAN Tangent of . 12-2

A (TAN}

TAIL Returns all but the first element of a list or all but 17-6
the first character of a string.

Cc (PRG) LIST ELEM (NXT) BRIk
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Name, Key,
or Label

Description, Type, and Keys

TANH

Hyperbolic tangent of z.

A (MTH]) HY¥E

THFHH

TANL

Draws the line tangent to the current function at
the z-value of the cursor and returns the equation
of the tangent line to the stack.

0 («9)(PICTURE)

NXT

22-11

TAYLR

Calculates the symbolic zth order Taylor’s
polynomial approximation of an expression (
a specified variable (y).

¢ («)(SYMBOLIC)!

™
—

e

=

20-12

TDELTA

Returns the increment between a final temperature
(¥) and an initial temperature (x). This is special
temperature version of the normal subtraction

2 (NXT) PhELT

function.

F («)EQLIB)LT]

H-28

TEACH

Loads built-in examples.
C  Must be typed in.

29-19

TEXT

Displays stack when display is updated.

¢ (PRG)(NXT) 0uT

THEN

Begins true clause.

|
C (PRGI

29-10

TICKS

Returns system time as binary integer in units of
clock ticks (1 tick = gl%éseconds).

C (Q)TIME) TIokE

16-4

TIME

Returns current time in 24-hour HH.MMSSs
format.

C (QJ@IME) TIHE

16-3

—TIME

Sets system time to a time (z) specified in 24-hour
HH.MMSSs format.

C ()@TIME) +TI#

TINC

Increases or decreases a given temperature (y) by
a specified temperature increment {z). This is a
special temperature version of the normal addition
function.

F  ()(EQLB)

H-29
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Name, Key, Description, Type, and Keys Page
or Label
TLINE In PICT, toggles pixels on the line defined by two 9-8
coordinates (y and z).
¢ (PRG)F T
TLINE Switches pixels on and off on line between mark 9-4
and cursor.
O («)(PICTURE)
TMENU Displays list-defined custom menu () but does 30-4
not change contents of CST.
¢ ()(MODES)
TOT Sums each column of matrix in Y DAT. H-29
¢ (&)(STAT) %
TRACE Computes the sum of the diagonal elements (trace) 14-9
of a square matrix (z).
C MTH NXT)
TRACE Toggles TRACE mode on and off. 22-4
0 («)(PICTURE) ¥ :
TRANSIO Selects the specified character translation settings H-29
¢ @@ T
TRG* Expands trigonometric and hyperbolic functions of 20-25
sums and differences.
0 ()(EQUATION)(«)
—TRG Replace exponential with trigonometric functions. 20-25
0 (9)(EQUATION) (@) RLIL}
TRN Transposes matrix (z). 14-10
C (MTH) PR
TRNC Truncates a number (y) to the specified number 12-10
(z) of decimal places or significant digits.
F (MIH) BESL (NXT)(NXT) T
TRUTH Selects TRUTH plot type. 23-14
¢ (&)(PLOT)F
TSTR Converts date (y) and time (2} in number form to 16-4
string form, including the calculated day of the
week.
¢ ()IIME)(NXT)(NXT) 7

Operation Index G-49



Name, Key, Description, Type, and Keys Page
or Label
TVARS Returns variables containing specified object type H-30
¢ («)(MEMORY ) f3fE  T%
TVM Displays the TVM menu. 18-13
C (w)(SOLVE) TuH
TVMBEG Sets payment mode to Beginning-of-Period.
C  Must be typed in.
TVMEND Sets payment mode to End-of-Period.
C  Must be typed in.
TVMROOT Solves for the specified TVM variable (z) using the H-30
values stored in the remaining TVM variables.
C («)(SOLVE) THH.  TVHE
TYPE Returns the type number of an object (& H-30
TYPE (NXT)(RXT) T
C (BRG] TEST (NXT) TYFE
TYPES Display a list of valid object types for the selected 6-6
field.
O [input form] (NXT )15
UBASE Converts unit object () to SI base units. 10-6
F  («)(ONITS) UERSE
UFACT Factors a unit () from the unit expression of 10-9
another unit object (y).
C @m} LHERLT
—UNIT Creates a unit object from a real number (y) and 10-14
the unit part of a unit object ( ).
THPE
C @(m)
UNTIL Begins test clause. 29-14
¢ (PRG):ERLH D uETI
UPDIR Makes parent directory the current directory. 5-12
¢ (J@r)
uTpPC Returns probability that chi-square random 12-5
variable is greater than z, given the degrees of
freedom (y) of the distribution.
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Name, Key, Description, Type, and Keys Page
or Label

UTPF Returns probability that Snedecor’s F' random 12-5
variable is greater than z, given the numerator (z)
and denominator (y) degrees of freedom of the

distribution.
¢ (MTH)(NXT) FRi NXT]
UTPN Returns probability that normal random variable 12-5

is greater than z, given the mean (z) and variance
(y) of the distribution.

¢ (MTH)(NXT) EE NXT]) HTEH

UTPT Returns probability that Student’s t random 12-5
variable is greater than z, given the degrees of
freedom (y) of the distribution.

¢ (MTH)(NXT) BeOE (NXT)UHIET

UVAL Eliminates the unit part of specified unit object 10-14
(«)(UNITS]) ¥ AL

VAR Calculates variance of statistical data columns in H-31
EDAT.
C («q)(STAT) 1MHE WHE

VARS Returns list of variables in current directory. H-31
¢ («)(MEMORY) - rif  WHEZ

VEC Switches between vector and array modes. 8-8
O (»)(MATRIX]) WEL

VIEW Copies object in current level into appropriate 3-7
environment for viewing.
0 (QVIEW

@VIEW Displays the menu keywords for the current menu. 3-7

If the keywords are variables, their values are
shown.
o (PVIEW)

VIEW Shows the range and current equation while key is 22-5
held.
0 (e)FICTURE) FCH (NXT) ¥IEW

VPAR Returns the VPAR reserved variable. 22-15

E:-XE E" it ':’;:

¢ @D EED
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Name, Key,
or Label

Description, Type, and Keys

Page

VTYPE

Returns type number of object stored in local or
global name (z).

C (PRG) T%FE (NXT)(NXT)#T¥FE

H-31

VZIN

Zooms in vertically.

O (|)(PICTURE) -

22-8

VZOoUT

Zooms out vertically.

O ()(PICTURE) :

22-8

V2

Combines two real numbers (y and x) into a 2-D
vector or complex number.

O (MTH)WELTR syz

13-3

—V3

Combines three real numbers into 3-D vector
according to the current Coordinate System mode.

C MTH)¥ELDTE  #42

13-3

Separates vector or complex number (z) into its
component elements according to current angle
mode.

C MTH)*

13-4

*W

Multiplies the horizontal plot scale by a factor (z).

¢ ()(PLOT) FF NXT} @ ##

H-31

WAIT

Halts program execution for specified number of
seconds () or until key pressed.

C (PRG)(NXT) in WHRIT

H-32

WHILE

() WHILE

Begins indefinite loop.

¢

Types WHILE REPEAT END

0 (PRG) EBFRIH

29-14

WID—

Increases column width and decrements number of
columns.

O (P)(MATRIX) W1l

«WID

Decreases column width and increments number of
columns.

0 ([PIMATRIX) #HIL

WIREFRAME

Selects WIREFRAME plot type.

HIEEF

23-28
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or Label

WSLOG Returns a series of strings recording the date, H-32
time, and cause of each warmstart event.

C  Must be typed in.

X Returns sum of data in independent column in H-32
I DAT. .

C (+=)(STAT) &

TXA2 Returns sum of squares of data in independent H-33
column in Y DAT.

¢  (#)(sTAT) B4

XCOL Specifies independent-variable column {2} in H-33
matrix in Y DAT.

XMIT Sends the given string (¢) through the serial port 27-18
without using the Kermit protocol.

¢ QED)EEDE

XOR Logical XOR of two expressions (# and y) that 15-4
evaluate to 1 or 0 or binary XOR combining two
integers (¢ and y) or two strings (z and yJ.

F (PRG} ¥

XPON Returns exponent of number (). 12-10
F(MIM) REAL (NXT) =

XRECV Receives an object via xmodem. H-33
¢ (@IO)(EXT) HRE

XRNG Specifies the horizontal plot axis display range H-33
(from y to z).

¢ (9)(FLOT)

XROOT Returns the rth root of a real number y. 12-1
» @@

XSEND Sends an object via xmodem. H-33
¢ @0)ExT)

XVOL Sets the coordinates, Xjesy (y) and Xiigng (©), H-34
establishing the width of the 3D plotting volume.

¢ @D EED

£
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Name, Key,
or Label

Description, Type, and Keys

Page

XXRNG

Sets the coordinates XXje; (y) and XXright ()
establishing the width of the 3D target mapping
range (for GRIDMAP and PARSURFACE plots).

¢ @EEDERD = VFAR
RN

H-34

TEXY

Returns sum of products of data in independent
and dependent columns in Y DAT.

C  (Q)(STAT) ziME  ZHzy

H-34

(X.Y)

Toggles on and off the current cursor coordinates
at bottom left of display.

0 (ETITRD) @)
O (|)(PICTURE) #:¥

22-4

XY=

Enters the current cursor coordinates as a complex
number onto the Stack.

(&3} (PICTURE) (ENTER)

'} (2_:,] ERLT XT)(INXT)

i

22-6

Y

Returns sum of data in dependent column in
Y DAT.

C («)(ETAT) surs  E¥

H-34

TYN2

Returns sum of squares of data in dependent
column in Y DAT.

C  (|)(STAT) -

iy

2

H-34

YCOL

Selects indicated column (z) of YDAT as
dependent-variable columm for two-variable
statistics.

¢ @ETED

iR YL

H-35

YRNG

Specifies the vertical plot axis display range (from
y to z).

C (QFLOT) FFRARE YEHG

H-35

YSLICE

Selects YSLICE plot type.

¢ @ELOD{XT) =l FTYFE
TELIC

23-32

YVOL

Sets the coordinates, Yi,: (), and Yaear (2)
establishing the width of the 3D plotting volume.

¢ @EODEXD 0 YFAR

T

H-35
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YYRNG Sets the coordinates YYy,; (y) and XXgear (z) H-35
establishing the width of the 3D target mapping
range (for GRIDMAP and PARSURFACE plots).

¢ (s&)(ELoT HEHE
A EH
ZAUTO Autoscales and redraws the graph. 22-8
0 (|)(PICTURE) Z00M (NXT)ZHUTOD
ZDECI Scale the horizontal axis so that every pixel 22-8

represents 0.1,

0 (@ECIUEE) zooH

ZOECT
ZDFLT Resets PPAR to the current scale settings. 22-8
0 («)(PICTURE) Zo0M ELFELT
ZFACT Displays input form to set zoom default factors. 22-7
0 («)(PICTURE) Z00M EFRCT
ZFACTOR Calculates the gas compressibility factor Z using H-35

the temperature reduction ratio (y) and the
pressure reduction ratio (z).

F (&)EQLB)UTILE ZFACT

ZIN Zooms in by a standard factor. 22-8
0 («)(PICTURE): ZftoM  ZIH
ZINTG Sets the horizontal scale so every pixel represents 1 22-8

unit. Does not affect vertical scale.

0 (@ECITEE) zooH

ZIHIG
ZLAST Returns you to the previous zoom factor. 22-8
0 («)(PICTURE) Z00H
ZLAST
Z00M Magnifies a rectangular area (that you have 22-7

drawn) to fill the entire screen.

0 («)(PICTURE) Z00f EDEE [drawa

boz]  ZIIIIHM
Z0UT Zooms out by a standard factor. 22-8
0 («)(PICTURE) ZooM ZoUuT
ZSQR Resets the vertical scale to match the horizontal 22-8

scale.

0 («)(FICTURE) Zo0M ES

BF
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ZTRIG Sets the horizontal scale so that every ten pixels 22-8
represent 7/2 and sets the vertical scale so that
every ten pixels represent 1.
0 (@FICTURE) z00i
ZIRIG
ZVOL Sets the coordinates, Zj,y (y) and Zyigh (2) H-36
establishing the height of the 3D plotting volume.
¢ @)EmD 30 VPAR
ZOL
+ Adds two objects (y and z). 12-1
A
+/— Switches cursor style between super-imposing and 22-6
inverting cross. Also changes sign of number.
(@ ECTED)
0 ()(PICTURE)-ELIT (NXT) 4=
+1~-1 Add and subtract 1. 20-21
0 (9)(EQUATION) (@) FLILES #1-1
- Subtracts one object (z) from another (y). 12-1
A
=() Double negate and distribute. 20-24
0 ()(EQUATION) @ RULES
=
* Multiplies two objects (y and z). 12-1
A X
*1 Multiply by 1. 20-21
0 ()(EQUATION) (@) FLULEZ 1
/ Divides one object (y) by another (z). 12-1
(0)(SOovVE) =vs
A B
/1 Divide by 1. 20-21
O (B)(EQUATION) (@) RULEE ~1
A Raises a number (y) to specified power (z). 12-1
A
M Raise to power 1. 20-21
0 ()(EQUATION)(@)FILEE =1
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< Tests whether y < #. H-36

< Tests whether y < . H-36
F  (PRG) T Z

> Tests whether y > z. H-37
F (BRG] TEET  °

> Tests whether y > . H-37
F (PRG) 1 . =

= Returns a equation formed of two expressions (y 11-4
and z).
A 9=

== Tests whether y = r. H-38
F PRG =T L

#* Tests whether y # ». H-38
F PRG v =

! Factorial of . 12-4
F o (MTH) (NXT) FROE '

f Integrates an expression (y) from ¢ to z with H-38

respect to the specified variable of integration (z).

(=20

a8 Takes the derivative of an expression (y) with H-38
respect to the specified variable of differentiation

(+).
G (3]C)

% Computes y percent of r. 12-9
A (MTH) EE %

™ Returns the symbolic constant 7 {or 11-4
3.14159265359 depending on flag —2).

(MTH) (RXT) COME  n
F Q@

3]

Calculates the sum of an expression (z) evaluated H-39
a series of times as an index variable (1) moves
from z to y.

(=360

-~
'
ot
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Name, Key, Description, Type, and Keys Page
or Label
I+ Adds data point () to matrix in TDAT. H-39
PR Subtracts data point (¢) from matrix in EDAT. H-39
C @ (STT] = L
Vv Returns square root of . 12-1
A
! Uses a list of names and values () to substitutes 20-17
values for names in an expression (y).
F  («)(SYMBOLIC) (NXT) |
1/0) Double-invert and distribute. 20-24
0 (=)(EQUATION) (@) RUILES
(NXT) o
() Parenthesize neighbors. 20-23
O ()(EQUATION) (@) BLILESR ¢
= Expand-subexpression-left. 20-23
0 (<)(EIUATION) @) RULES
@ (— Executes .4 # = until no change in 20-26
subexpression.
0 ()(EQUATION) (@) HULES
) o=
—() Distribute prefix function. 20-23
0 (9)(EQUATION) @) FULES
—+) Expand-subexpression-right. 20-23
0 (€)(EQUATION) (@) FULES
B
@ —) Executes - -7 " until no change in 20-26
subexpression.
0 (e)(EQUATION) (@) FUILES
) o
—— Commute arguments. 20-23
0 (QEUATION) @) e
— Begins a local variable structure. 29-16
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AMORT Command: Amortizes a loan or investment based upon the
current amortization settings.

Level 1 - Level 3 Level 2 Level 1 [

n - principal interest balance

AND Function: Returns the logical AND of two arguments.

Level 2 Level 1 - Level 1
#ny #n, — #ng
" string, " " string,” — " stringy”
T/F, T/F, - 0/1
T/F 'symb' — "T/F AND symb'
‘symb' T/F — 'symb AND T/F'
‘symby ' ‘'symb, ' — ‘symb; AND symb,'

APPLY Function: Creates an expression from the specified function
name and arguments.

Level 2 Level1 - Level 1

{ symb, ... symby } ‘'name' — ‘name(symb, ... symby)'
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ARRY— Command: Takes an array and returns its elements
as separate real or complex numbers. Also returns a list of the
dimensions of the array.

Level 1 — Levelnm+1 ... Level 2 Level 1
[ vector ] — zy ... Zy { Nelement }
[{ matrix]] — 211 -+ Znm { Nrow Mg }

ATICK Command: Sets the axes tick-mark annotation in the reserved
variable PPAR.

Level 1 - Level 1
X —
H#N —
{xy} -
{ #n #m } —

BINS Command: Sorts the elements of the independent column
(XCOL) of the current statistics matrix (the reserved variable L' DAT)
into (npins -+ 2) bins, where the left edge of bin 1 starts at value z,,n
and each bin has width zyiqn-

Level 3 Level2 Level1 — Level 2 Level 1
|
Xmin Xuidth Myins = [ in1 - Moinn B [ Moine Moinr ] i

BYTES Command: Returns the number of bytes and the checksum for
the given object.

; Level 1 — Level 2 Level 1

l obj - #nchecksum Xsize
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CENTR Command: Adjusts the first two parameters in the reserved
variable PPAR, 2 i, Umin # a0d “Zmax, Ymax 7, 0 that the point
represented by the argument <z, y is the plot center.

Level 1 — Level 1
x, » —
X —

CHOOSE Command: Creates a user-defined choose box.

Level 3 Level 2 Level 1 — Level 2 Level 1
" prompt" {c¢ ...} Npos - obj or resulit 1
" prompt”’ {c ...cn} Npos o 0

CHR Command: Returns a string representing the HP 48 character
corresponding to the character code n.

Level 1 - Level 1

n — " string"

CKSM Command: Specifies the error-detection scheme.

Level 1 — Level 1

Tchecksum

CLKADJ Command: Adjusts the system time by z clock ticks, where
8192 clock ticks equal 1 second.

Level 1 — Level 1

X —
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COLY Command: Specifies the independent-variable and
dependent-variable columns of the current statistics matrix (the
reserved variable Y DAT).

Level 2 Level 1 — Level 1
Xxcol Xycol -

CORR Command: Returns the correlation coefficient of the
independent and dependent data columns in the current statistics
matrix (reserved variable Y DAT).

Level 1 . Level 1

- Xcorretlation

COV Command: Returns the sample covariance of the independent
and dependent data columns in the current statistics matrix (reserved
variable ZDAT).

Level 1 — Level 1

- Xcovariance

CRDIR Command: Creates an empty subdirectory with the specified
name within the current directory.

Level 1 — Level 1

‘globat' —

DARCY Function: Calculates the Darcy friction factor of certain fluid
flows.

Level 2 Level 1 — Level 1

Te/D Yre - XDarcy
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—DATE Command: Sets the system date to dafe.

Level 1 - L.evel 1

date —

DECR Command: Takes a variable on level 1, subtracts 1, stores the
new value back into the original variable, and returns the new value to
level 1.

Level 1 — L.evel 1

'name’ — Xnew

DELALARM Command: Deletes the alarm specified in level 1.

Level 1 — Level 1

Mindex

DEPND Command: Specifies the dependent variable (and its plotting
range for TRUTH plots).

Level 2 Level 1 — Level 1
‘global' —
{ globarl } -
{ global ygi30t Yenq } -
{ Ystart Yena ! -
Ystart Yend -

DISP Command: Displays obj in the nth display line.

Level 2 Level 1 - Level 1

obj n —
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DOERR Command: Executes a “user-specified” error, causing a
program to behave exactly as if a normal error had occurred during
program execution.

Level 1 — Level 1
fMarror -
#FNerror i
verrort —
s} —

DTAG Command: Removes all tags (labels) from an object.

Level 1 — Level 1

‘tag.obj — obj

EQ— Command: Separates an equation into its left and right sides.

Level 1 — Level 2 Level 1
'symby =symb,' — 'symby ' 'symb, '
z — z 0
‘name’ — ‘name’ 0
x_unit — x_unit 0
'symb' . ‘'symb' 0

ERRM Command: Returns a string containing the error message of
the most recent calculator error.

Level 1 - Level 1

— error message"
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ERRN Command: Returns the error number of the most recent
calculator error.

Level 1 — Level 1

— #FNarror

EYEPT Command: Specifies the coordinates of the eye point in a
perspective plot.

Level 3 Level 2 Level 1 — Level 1

Xpoint ypoint Zpoint

FO) Function: Returns the fraction of total black-body emissive

power.
Level 2 Level 1 — Level 1
Yambda XT - Xpower
Yamobda ‘symb' - IFO/\(ylambda'symbY
'symb' X — 'FOM(symb,x+ )’
‘symb, ' 'symb,' — 'FOA(symb, ,symb, )’

FACT Function: Provided for compatibility with the HP 28. FACT is
the same as !

Level 1 — Level 1
n B n!
X s I'(x+1)
‘'symb' — "(symb)!'

Stack Diagrams for Selected Commands H-7



FANNING Function: Calculates the Fanning friction factor of certain

fluid flows.
Level 2 Level 1 —_ Level 1
Taf{D Yre - Xtanning
To/D ‘'symb' — 'FANNING(zy/p.symb)'
‘symb' Yre s 'FANNING(symb,yg )"
‘symb, ' 'symb, ' — 'FANNING(symb, ,symb,)’

FINDALARM Command: Returns the alarm index n;,4., of the first
alarm due after the specified time.

Level 1 — Level 1
date — Mindex
{ date time } — 0 dex
0 - Mndex

FREEZE Command: Freezes the part of the display specified by
Nisplay areas 50 that it is not updated until a key is pressed.

Level 1 — Level 1

ndisplaya rea

+H Command: Multiplies the vertical plot scale by zfsctor.

Level 1 - Level 1

Xtactor
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HEAD Command: Returns the first element of a list or string.

Level 1 — Level 1
{obj; ... objy} — obj;
vstring" — velement, v

IFT Command: Executes obj if T/F is nonzero. Discards obj if T/F
1s zero.

Level 2 Level 1 - Level 1

T/F obj — It depends!

IFTE Function: Executes the obj on level 2 if T/F is nonzero.
Executes the obj on level 1 if T/F is zero.

Level 3 Level 2 Level 1 — Level 1

T/F objiye obj;, s — It depends!

INCR Command: Takes a variable on level 1, adds 1, stores the new
value back into the original variable, and returns the new value to

level 1.

1 Level 1 - Level 1

1 1
t hame - Xincrement
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INDEP Command: Specifies the independent variable and its plotting
range.

Level 2 Level 1 — Level 1

'global'
{ global }
{ global Xstart Xend }

{ Xstart Xend }

Xend

bbb

Xstart

INPUT Command: Prompts for data input to the command line and
prevents the user access to stack operations.

Level 2 Level 1 —  Level 1
"stack prompt" " command-line prompt" — " result”
" stack prompt" { st mmand—tine t - " result”

KERRM Command: Returns the text of the most recent Kermit
error packet.

Level 1 - Level 1

— verror-message"

KEY Command: Returns to level 1 a test result and, if a key is
pressed, returns to level 2 the row-column location z,,, of that key.

Level 1 — Level 2 Level 1
hd Xnm
- s
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LIBEVAL Command: Evaluates unnamed library functions.

Level 1 — Level 1

FNnction -

LIBS Command: Lists the title, number, and port of each library
attached to the current directory.

Level1 - Level 1

—  { ntitle” gy, Do oo MHIIEY PGy oGy }

2.LINE Command: Returns an expression representing the best
fit line according to the current statistical model, using X as the
independent variable name, and explicit values of the slope and
intercept taken from the reserved variable Y PAR.

Level 1 o Level 1

13
- Symbformula

LININ Function: Tests whether an algebraic is structurally linear for
a given variable.

Level 2 Level 1 — Level 1

'symb' 'name' - 0/1

LIST— Command: Takes a list of n objects and returns them to
separate levels, and returns the total number of objects to level 1.

Level 1 — Leveln+1 ... Level 2 Level 1‘

{obj;y ... objy } — obj; ... objy, n
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LR Command: Uses the currently selected statistical model to
calculate the linear regression coefficients (intercept and slope) for the
selected dependent and independent variables in the current statistics
matrix (reserved variable X DAT).

Level 1 — Level 2 Level 1 ]

— Intercept: x; Slope: x,

TMATCH Command: Rewrites an expression. TMATCH works from
bottom up; that is, it checks the lowest level (most deeply nested)
subexpressions first.

Level 2 Level 1 — Level 2 Level 1

'symb, ' { 'symb, " 'symb, o' } — 'symb,' 0/1 ‘

‘symb, ' { ‘'symb, . symb.,.' ‘symb_,.4'} — 'symb,' 0/1

IMATCH Command: Rewrites an expression. |MATCH works from
top down; that is, it checks the entire expression first.

Level 2 Level 1 — Level 2 Level 1 J

'symby ' { 'symbpat' 'sym.bremI } — 'symb.,' 0/1 l

'symb; ' { 'symbpat

symbrepl’ ‘symbcond'} — 'symb,' 0/1 ;

MAXZE Command: Finds the maximum coordinate value in each
of the m columns of the current statistics matrix (reserved variable
YDAT).

i Level 1 — Level 1
! -+ Xmax
’; - [Xmax1 Xmax2 -~ Xmaxm]
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MCALC Command: Designates a variable as a calculated value (not

user-defined) for the Multiple-Equation Solver.

E Level 1 — Level 1
’ ‘name’ o
| { list } R
1 TALL” —

MEAN Command: Returns the mean of each of the m columns of
coordinate values in the current statistics matrix (reserved variable

Y DAT).

Level 1 — Level 1 ;
- Xmean }
- [ Xmeani Xmean2 -~ Xmeanm ] i

MEM Command: Returns the number of bytes of available RAM.

Level 1 — Level 1

— X

MINZ, Command: Finds the minimum coordinate value in each of
the m columns of the current statistics matrix (reserved variable

SDAT).

Level 1 — Level 1

- Xmin

- [Xminl Xmin2 - Xminm ]
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MROOT Command: Uses the Multiple-Equation Solver to solve for
one or more variables using the equation set in Mpar.

Level 1 — Level 1
‘name’ — X
"ALL” -

MSGBOX Command: Creates a user-defined message box.

Level 1 - Level 1

" message" —

MUSER Command: Designates a variable as user-defined for the
Multiple-Equation Solver.

Level 1 — Level 1
‘name’ —
{ list } —
"ALL” -

NEWOB Command: Creates a new copy of the specified object.

Level 1 — Level 1

obj — obj
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NOT Command: Returns the one’s complement or logical inverse of
the argument.

Level 1 - Level 1
Finy e #n,
T/F — 0/1

"string, " — " string,"

'symb’ — 'NOT symb'

NUM Command: Returns the character code n for the first character
in the string.

Level 1 — Level 1

" string” — n

NUMX Command: Sets the number of x-steps for each y-step in 3D
perspective plots.

Level 1 — Level 1

% —

NUMY Command: Sets the number of y-steps across the view
volume in 3D perspective plots.

-

Level 1 - Level 1

Ny —

N?. Command: Returns the number of rows in the current statistical
matrix (reserved variable Y DAT).

Level 1 — © Level 1

- Nrows
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OBJ— Command: Separates an object into its components onto the
stack. For some object types, the number of components is returned
to level 1.

Level 1 - Leveln+t ... Level 2 Level 1
. - X 3%
{obj; ... objy} — obj, objq n
[xy .. %3] — X1 Xp {n}
Mxg1 v Xma ] — X1 Xmn {mn}
"objt — evaluated-object
‘'symb' — arg, ... argn n 'function'
x_unit — X 1_unit
‘tag:obj — obj vtag"

OR Function: Returns the logical OR of two arguments.

Level 2 Level 1 — Level 1
#y #n, - F#ng
"string, " " string,” — " stringy”
T/F, T/F, - 0/1
T/F ‘symb' — 'T/F OR symb'
'symb' T/F -t 'symb OR T/F'
‘symby’ 'symb, — ‘symb; OR symb,' B

ORDER Command: Reorders the variables in the current directory
(shown in the VAR menu) to the order specified.

Level 1 — Level 1

{ globai, ... global, } — 1
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PARITY Command: Sets the parity value in the reserved variable
TOPAR.

Level 1 — Level 1

nparHy

PATH Command: Returns a list specifying the path to the current
directory.

Level 1 — Level 1

— { HOME directory-name,; ... directory-name, }

PCOV Command: Returns the population covariance of the
independent and dependent data columns in the current statistics
matrix (reserved variable Y DAT).

Level 1 — Level 1

chovanance

PGDIR Command: Purges the named directory (whether empty or
not).

Level 1 — Level 1

‘global' —

PMAX Command: Specifies 7z, y* as the coordinates at the upper
right corner of the display.

l.evel 1 - Level 1

x, ¥ —
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PMIN Command: Specifies <z, y» as the coordinates at the lower
left corner of the display.

Level 1 - Level 1

x.¥) —

PREDV Command: Returns the predicted dependent-variable value
Ydependent, based on the independent-variable value independent,

the currently selected statistical model, and the current regression
coefficients in the reserved variable Y PAR.

Level 1 — Level 1

Xindependent ydependent

PREDX Command: Returns the predicted independent-variable
value Zingependent, based on the dependent-variable value yaependent,
the currently selected statistical model, and the current regression
coefficients in the reserved variable Y PAR.

Level 1 — Level 1

ydependent Xindependent

PREDY Command: Returns the predicted dependent-variable value
Ydependent, Dased on the independent-variable value z;n4ependent,

the currently selected statistical model, and the current regression
coefficients in the reserved variable Y PAR.

Level 1 — Level 1

X

independent ydependent

H-18 Stack Diagrams for Selected Commands



PROMPT Command: Displays the contents of "prompt" in the
status area, and halts program execution.

Level 1 - Level 1

sprompty s

PSDEV Command: Calculates the population standard deviation of
each of the m columns of coordinate values in the current statistics
matrix (reserved variable ZDAT).

Level 1 — Level 1
- Xpsdev
- [Xpsdevl Xpsdev2 Xpsdevm ]

PVAR Command: Calculates the population variance of the
coordinate values in each of the m columns in the current statistics
matrix (Y DAT).

Level 1 — Level 1

- Xpvariance

— [ x b

pvariancel pvariancem ]

PVIEW Command: Displays PICT with the specified coordinate at
the upper left corner of the graphics display.

Level 1 — Level 1
x, ¥ -
{#n#m} —
{} -
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QUOTE Function:

Returns its argument unevaluated.

Level 1 — Level 1
'symb' — 'symb'
obj — obj

RATIO Function: Prefix form of / (divide) generated by the

EquationWriter application.

Level 2 Level 1 — Level 1

4 2 - 2 /2
[ array ] [[ matrix 1] — [[ array x matrix~! ]]
[ array ] z — [ array/z ]

z 'symb' — ‘z/symb’
‘'symb' z — ‘'symb/z'
‘symb, ' 'symb, " — ‘symb, / symb,'

#ny n3 - #n3

ny #ny — #ny

#ny #n, - #in3
x_unity y-unit, — (x/y)-unit, Junit,

X y-unit — (x/y)_1/unit
x_unit y — (x/y)_unit
'symb' x_unit . 'symb/x_unit'
x_unit ‘'symb' — 'x_unit/symb'

RCEQ Command: Returns the unevaluated contents of the reserved
variable F@Q from the current directory.

Level 1

—

Level 1

objEQ
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RCLALARM Command: Recalls a specified alarm.

Level 1 — Level 1

M gex e { date time obj, ;i Xrepeat }

RCLMENU Command: Returns the menu number of the currently
displayed menu.

Level 1 — Level 1

d Xmenu

RCL2 Command: Returns the current statistics matrix (the contents
of reserved variable X DAT) from the current directory.

Level 1 - Level 1

— obj

RECN Command: Prepares the HP 48 to receive a file from another
Kermit device, and to store the file in a specified variable.

Level 1 - Level 1
‘name’ —
llnamell —
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REPL Command: Replaces a portion of the level 3 target object with
the level 1 object, beginning at a position specified in level 2.

Level 3 Level 2 Level1 Level 1
[[ matrix 1], Nyosition [[ matrix1l, — [[ matrix ]l
([ matrix 1]y { mrow Neorumn + I matrix1l, —  [[ matrix 115

[ vector |; Nposition [ vector ], s [ vector 15
{ listy, rget } Ny osition { tisty } = { fistggy
"stringtarget" My osition vstring, " —  “string oyt

grobtarget {#n #m} grob, — grob, ¢ it

grob,, rget (x.y) groby — grob, .o

PICT {#n #m} grob, —
PICT (x.y) groby —

RES Command: Specifies the resolution of mathematical and
statistical plots, where the resolution is the interval between values of
the independent variable used to generate the plot.

Level 1 — Level 1
Minterval -
#nintervai -

RKF Command: Computes the solution to an initial value problem
for a differential equation, using the Runge-Kutta-Fehlberg (4,5)
method.

Level 3 Level 2 Level1 — Level2 Levelt
{ list } Xeo X final — { list } Xiol
{ fist } { Xto1 Xnstep } XTfinal - { list } Xto1
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RKFERR Command: Returns the absolute error estimate for a given
step h when solving an initial value problem for a differential equation
using the Runge-Kutta-Fehlberg method.

Level2 Level1 — Leveld Level3 Level2 Level1

{ list } h - { list } h Yaeira error

RKFSTEP Command: Computes the next solution step (hpes) to an
initial value problem for a differential equation.

Leveli3 Level2 Leveli - Level3 Level2 Level1

{ list } Xiol h — { list } Xio1 h

next

ROOT Command: Returns a real number z,,,; that is a value of the
specified variable global for which the specified program or algebraic
object most nearly evaluates to zero or a local extremum.

Level 3 Level 2 Level 1 — Level 1
& program > ‘global' guess — Xroot
& program > 'global' { guesses } — Xoot

'symb' 'global' guess — X0t
'symb’ 'giobal' { guesses } —r X001t

RRK Command: Computes the solution to an intial value problem
for a differential equation with known partial derivatives.

Level 3 Level 2 Level1 - Level2 Level1
{ fist } Xtol XTinal - { fist } *tol
{ fist } { Xto1 Xnstep } XTfinat - { fist } Xtol
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RRKSTEP Command: Computes the next solution step (hpes) to
an intial value problem for a differential equation, and displays the
method used to arrive at that result.

Lvid Lvl3 Lvi2 Lvit — Lvid Lvi3 Lvi2 Lvl1

{ist } xeq h last — {list} x, hpeoyy current

RSBERR Command: Returns an error estimate for a given step %
when solving an initial values problem for a differential equation using
the Rosenbrock method.

Level2 Level1 -~ Level4 Level3 Level2 Leveld

{ fist } h s { tist } h Yaeita error

SAME Command: Compares two objects, and returns a true result
(1) if they are identical, and a false result (0) if they are not.

Level 2 Level 1 — Level 1

obj; obj, — 0/1

SCALE Command: Adjusts the first two parameters in PPAR,

L Toin, Ymin s A0d L Zmaz, Ymar s, SO that Zeeqre and yseqre are the new
plot horizontal and vertical scales, and the center point doesn’t
change.

Level 2 Level 1 — l.evel 1

Xscate Yscale

SCONJ Command: Conjugates the contents of a named object.

Level 1 - Level 1

‘name’ —
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SDEV Command: Calculates the sample standard deviation of each
of the m columns of coordinate values in the current statistics matrix

(reserved variable Y DAT).

‘ Level 1 — Level 1

|

1 - Xsdev

’ - [ Xsqevi Xsaeva - Xsdevm ]

SEND Command: Sends a copy of the named objects to a Kermit

device.
Level 1 - Level 1
'name' -
{ name, ... namey } —
{{ name, , namenew } name ... } —

SIDENS Command: Calculates the intrinsic density of silicon as a
function of temperature, zr.

! Level 1 - Level 1

l X = Xo

i T density

] x_unit — x_1/cm?

§ 'symb' — 'SIDENS(symb)’

SINV Command: Replaces the contents of the named variable with
its inverse.

Level 1 — Level 1

i 'name' —
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SNEG Command: Replaces the contents of a variable with its
negative.

Level 1 — Level 1

'name’ —

SOLVEQN Command: Starts the multiple equation solver for a
specified set of equations.

Level 3 Level 2 Level 1 - Level 1

n m 0/1 —

START Command: Begins START ... NEXT and START ... STEP
definite loop structures.

Level 2 Level 1 — Level 1
START Xstart Xtinish -
NEXT .
STEP Xincrement -
STEP ,symbincrement' -

STOALARM Command: Stores an alarm in the system alarm list
and returns its alarm index number.

Level 1 - Level 1

Xiime - Mngex

{ date time } —* Mindex

{ date time Objaction } d nindex

{ date time obj, i, Xrepeat } - Mndex
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STO+ Command: Adds a number or other object to the contents of
a specified variable.

Level 2 Level 1 — Level 1
obj ‘name' —
‘name' obj —

STO— Command: Calculates the difference between a number (or
other object) and the contents of a specified variable, and stores the
new value to the specified variable.

Level 2 Level 1 - Level 1
obj ‘name' —
'name’ obj —

STO+ Command: Multiplies the contents of a specified variable by a
number or other object.

Level 2 Level 1 — Level 1
obj ‘name' —
'name’ obj —

STO/ Command: Calculates the quotient of a number (or other
object) and the contents of a specified variable, and stores the new
value to the specified variable.

Level 2 Level 1 — Level 1
obj ‘name' —
'name' obj —
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STOX Command: Stores oby in the reserved variable ¥ DAT.

Level 1 _ Level 1 [
Obj — J

—STR Command: Converts any object to string form.

Level 1 — Level 1 {

obj — "obj" t

SYSEVAL Command: Evaluates unnamed operating system objects
specified by their memory addresses.

{ Level 1 - Level 1 W

I

j #Maddress - !

—Tag Command: Combines objects in levels 1 and 2 to create
tagged (labeled) object.

Level 2 Level 1 - Level 1
obj vtag" — ‘tag:obj
obj 'name’ — ‘name:obj
obj X — :x:obj

TDELTA Function: Calculates a temperature change.

Level 2 Level 1 — Level 1
X ¥ - Xdelta
X_unijtl y_unit2 — X unmitd g,
x_unit ‘'symb' — "TDELTA(x_unit,symb)’
'symb’ y_unit — "TDELTA(symb,y_unit)'
‘symb, ' 'symb, ' — 'TDELTA(symbl Symb. )"
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TIME Command: Returns the system time in the form HH.MMSSs.

— time

| Level 1 — Level 1 W
l
B

TINC Command: Calculates a temperature increment.

Level 2 Level 1 — Level 1
Xinitial Yaeita - Xfinat
x_unitl Younit2y i — x_unitly .
x_unit 'symb' — "TINC{x_unit,symb)’
'symb' younityg ., — "TINC(symb,y_unity, )’
'symby ' 'symb, ' — "TINC(symb, ,symb, ")’

TOT Command: Computes the sum of each of the m columns of
coordinate values in the current statistics matrix (reserved variable

SDAT).

Level 1 — Level 1 l
- Xsum \
- [ Xsumi Xsum2 -+ Xsumm ]

TRANSIO Command: Specifies the character translation option.
These translations affect only ASCII Kermit transfers and files printed
to the serial port.

Level 1 - Level 1 %

noption
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TVARS Command: Lists all global variables in the current directory
that contain objects of the specified types.

Level 1 . Level 1
Mype — { global ... }
{ Miype - } - { global ... }

TVMROOT Command: Solves for the specified TVM variable using
values from the remaining TVM variables.

Level 1 - Level 1

i ; ¢
TVM variable - XTVMvariable

TYPE Command: Returns the type number of an object.

f Level 1 = Level 1

[ Obj R ntype

Object Type Numbers

Object Type Number Object Type Number
User Objects: Directory 15
Real number 0 Library 16
Complex number 1 Backup object 17
Character string 2 Built-in Commands:

Real array 3 Built-in function 18
Complex array 4 Built-in command 19
List 5 R
Global name 6 System .ObJeCtS'
Local - System binary 20
Posa name 3 Extended real 21
4 gra.ncl . Extended complex 22
Algebraic object 9 .
. . Linked array 23
Binary integer 10
. . Character 24
Graphics object 11 .
. Code object 25
Tagged object 12 .
X . Library data 26
Unit object 13 External object 26-31
XLIB name 14 e J g

H-30 Stack Diagrams for Selected Commands



VAR Command: Calculates the sample variance of the coordinate
values in each of the m columns in the current statistics matrix

(S DAT).

Level 1 — Level 1
- Xvariance
- [ Xyariance1 Xvariancem ]

VARS Command: Returns a list of all variables” names in the VA
menu (the current directory).

R

Level 1 — Level 1

— { global, ... globaly }

VTYPE Command: Returns the type number of the object contai
in the named variable.

ned

Level 1 — Level 1
i ¥
name e ntype
Pport - M8MEackup - Mype
:nport : ntibrary - ntyDe

*W Command: Multiplies a plot’s horizontal scale by zfactor-

Level 1 — Level 1

Xfactor
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WAIT Command: Suspends program execution for specified time, or
until a key is pressed.

Level 1 . Level 1
—
0 — Xkey
-1 —r Xkey

WHILE Command: Starts the WHILE ... REPEAT ... END
indefinite loop structure.

Level 1 - Level 1
WHILE —
REPEAT T/F =
END =

WSLOG Command: Returns four strings recording the date, time,
and cause of the four most recent warmstart events.

’ Level 1 — Level4 ... Level 1

. — |llog4|l . UI()g1 1

2X Command: Sums the values in the independent-variable column
of the current statistical matrix (reserved variable X DAT).

Level 1 . Level 1

- Xsum
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2X"2 Command: Sums the squares of the values in the
independent-variable column of the current statistical matrix (reserved

variable X DAT).

Level 1 . Level 1

Xsum

XCOL Command: Specifies the independent-variable column of the
current statistics matrix (reserved variable ¥ DAT).

Level 1 — Level 1

Neol

XRECV Command: Prepares the HP 48 to receive an object via
XModem. The received object is stored in the given variable name.

Level 1 — Level 1

'name' —

XRNG Command: Specifies the z-axis display range.

Level 2 Level 1 - l.evel 1

Xmin Xmax -

XSEND Command: Sends a copy of the named cbject via XModem.

Level 1 — Level 1

'name' —
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XVOL Command: Sets the width of the view volume in the reserved
variable VPAR.

Level 2 Level 1 — Level 1

Xiett Xright

XXRNG Command: Specifies the x range of an input plane (domain)
for GRIDMAP and PARSURFACE plots.

Level 2 Level 1 — Level 1

Xenin Xmax -

2 X«Y Command: Sums the products of each of the corresponding
values in the independent- and dependent-variable columns of the
current statistical matrix (reserved variable X DAT).

Level 1 - Level 1

- Xsum

2Y Command: Sums the values in the dependent variable column of
the current statistical matrix (reserved variable Y DAT).

Level 1 — Level 1

- Xsum

2Y 2 Command: Sums the squares of the values in the dependent
variable column of the current statistical matrix (reserved variable

SDAT).

Level 1 — Level 1

- Xsum

H-34 Stack Diagrams for Selected Commands



YCOL Command: Specifies the dependent variable column of the
current statistics matrix (reserved variable X;DAT).

Level 1 - Level 1

n

col

YRNG Command: Specifies the y-axis display range.

Level 2 Level 1 - Level 1

Ymin Ymax —*

YVOL Command: Sets the depth of the view volume in the reserved
variable VPAR.

Level 2 Level 1 — Level 1

Ynear Year —

YYRNG Command: Specifies the y range of an input plane (domain)
for GRIDMAP and PARSURFACE plots.

Level 2 Level 1 - Level 1

Ynear Yiar -

ZFACTOR Function: Calculates the gas compressibility correction
factor for nonideal behavior of a hydrocarbon gas.

Level 2 Level 1 — Level 1
XTr Ypr - XZtactor
X, ‘symb' — 'ZFACTOR(xy, symb)’
'symb' Yo, — 'ZFACTOR(symbyp )’
'symby ' 'symb, ' - 'ZEACTOR(symb, ,symb, )"

Stack Diagrams for Selected Commands H-35




ZVOL Command: Sets the height of the view volume in the reserved
variable VPAR.

Level 2 Level 1 — Level 1

Xiow Xhigh

< Function: Tests whether one object is less than another object.

Level 2 Level 1 - Level 1
X y — 0/1
#ny #n, — 0/1
" string, " " string," — 0/1
X 'symb' — 'x<symb'
‘symb' X e 'symb<x'
‘symb, ' ‘symb, ' — 'symb, <symb,'
X unity y-unit, — 0/1
x_unit 'symb' — 'x_unit<symb’
‘'symb' x_unit — 'symb<x_unit'

< Function: Tests whether one object is less than or equal to another
object.

Level 2 Level 1 — Level 1
X y — 0/1
#n, #ny — 0/1
"string; " " string,” — 0/1
X 'symb’ — 'x < symb'
'symb' X o 'symb < x'
'symb, ' 'symb " — 'symb, < symb,'
X_unity y—unit, — 0/1
x_unit 'symb' — 'x_unit < symb'

‘'symb’ x_unit — ‘'symb < x_unit'
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> Function: Tests whether one object is greater than another object.

Level 2 Level 1 - Level 1
x v e 0/1
#n, #Eno — 0/1
"string, " "string,” — 0/1
X 'symb' — 'x>symb'
'symb' x — 'symb>x'
‘symb; ' 'symbs ' — 'symb, >symb.,’
x_unity y_unit, — 0/1
x_unit 'symb' — 'X_unit>symb'
'symb' x_unit — 'symb>x_unit'

> Function: Tests whether one object is greater than or equal to
another object.

Level 2 Level 1 - Level 1
X y — 0/1
#ny #n, — 0/1
" string, " " string,” — 0/1
X ‘symb' — 'x > symb'
'symb' X s 'symb > x'
'symb, ' 'symb, ' o ‘symby > symb,'
X_unit; y-unit, — 0/1
x_unit ‘'symb' — 'X_unit > symbp'
'symb' x_unit — ‘symb > x_unit'
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== Function: Tests if two objects are equal.

Level 2 Level 1 - Level 1
obj, obj, — 0/1
(x,0) X — 0/1
X (x.0) — 0/1
z 'symb' — ‘z==symb'
'symb' z — 'symb==z'
‘symb, ' ‘symb, ' — 'symb, ==symb, '

# Function: Tests if two objects are not equal.

Level 2 Level 1 — Level 1
obj, obj, — 0/1
(x,0) X — 0/1
X (x,0) — 0/1
z ‘symb’ — 'z £ symb’
'symb' z — 'symb # '
'symby ‘symbs - ‘symb, # symb,'

f Function: Integrates an integrand from lower limit to upper limit
with respect to a specified variable of integration.

Level4 Level3 Level2 Level1 — Level 1

lower limit upper limit  integrand ‘name' — 'symbintegra,‘

O Function: Takes the derivative of an expression, number, or unit
object with respect to a specified variable of differentiation.

Level 2 Level 1 — Level 1
'symb, ' 'name' — 'symb, '
z ‘name' — 0

x_unit ‘name' — 0
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2. Function: Calculates the value of a finite series.

Level4 Level3 Level2 Level1 - Level 1
Yindx' Xinit Xfinal smnd — Xsum
Yindx' Yinit' Xenal smnd  — 'E(indx=init,xg,,, .smnd)’
'indx' Xinit final' smnd  — 'E(indx=x,.final,smnd)’
'indx' 'init' 'final' smnd — 'Y(indx=init,final smnd)’

2.+ Command: Adds one or more data points to the current
statistics matrix (reserved variable X DAT).

Levelm ... Level 2 Level 1 - Level 1
X .
[ Xy X5... Xm ] —
Mxpg- X1m T X0 Xom 1T =
Xy .o Xm—1 Xm -

2— Command: Returns a vector of m real numbers (or one number z
if m = 1) corresponding to the coordinate values of the last data point

entered by X+ into the current statistics matrix (reserved variable
Y DAT).

— Level 1
— X
— [ X Xo oo Xm ]

Stack Diagrams for Selected Commands H-39






Index

Index
Special characters L PAR
X annunciator, 1-2 plots and, 22-16
g21 f&d annunciators, 1-2, 1-6 reserved variable, 5-6
o annunciator, 1-2, 2-2 statistical parameters, 21-12
() annunciator, 1-2, 26-4, A-1,
A-4 A
® annunciator, 1-2 absolute value, 12-9, 12-13
1USE annunciator, 1-3, 30-5 accuracy
annunciator, 1-3, 12-11, of integrals, 20-6
13-2 of linear solutions, 14-17
F.« annunciator, 1-3, 12-11, acknowledging alarms, 26-4
13-2 alarms
# cursor, 2-12 acknowledging, 26-4
# cursor, 2-12 annunciator, 26-4
i# character, 2-7 appointment type, 26-2
< character controlling beeper, 26-6
complex number separator, control type, 26-2
12-12 index number, 26-4
vector separator, 4-4, 13-3 ho response.needed, 26-4
= character, 11-4, 18-1, 22-1 not responding, 26-4
& wildcard, 20-28, 28-4 past due, 26-4
.« character, A-3 repeahng, 26-6
# delimiter, 15-1 responding to, 26-4
_ delimiter, 10-2 saving, 26-5
- stopping repeating, 26-5
in fraction conversions, 16-6 types, 26-2
numeric value, A-2 ALG annunciator, 1-3
symbolic constant, A-2 Algebraic-entry mode, 2-8
S DAT Algebraic/Program-entry mode,
reserved variable, 5-6 29

index-1



algebraics

action in programs, 29-2

array elements in, 14-12

as graphics objects, 7-13

as strings, 7-14

collecting terms, 20-18

converting to graphics objects,
7-13

converting to strings, 7-14

creating graphics objects from,
9-9

delimiters, 2-6

differentiating, 20-9

editing in command line, 7-10

editing in EquationWriter,
7-9

editing subexpressions, 7-10

entering, 2-6, 7-3

entry modes, 2-8, 2-9

evaluating, 11-3

evaluating selectively, 20-17

expanding terms, 20-18

general solutions, 20-16

in local variable structure,
29-3, 29-16

inserting stack objects, 7-11

mtegrating numerically, 20-1

integrating symbolically, 20-7

plotting, 22-1

precedence of operators, 11-3

principal solutions; 20-16

rearranging, 20-17, 20-27

replacing subexpressions,
7-12

showing hidden variables,
20-17

solving graphically, 22-10

solving numerically, 22-10

solving symbolically, 20-14,
20-15

Index-2

subexpressions, 7-10, 7-12,
20-18, 20-19
types, 11-4, 18-1
unit objects in, 10-9
algebraic syntax, 11-2
in local variable structures,
29-4
user-defined functions, 11-8
algebraic transformations
built-in, 20-19
conditional, 20-28
user-defined, 20-27
wildcards in user-defined,
20-27, 20-28
Alpha-entry mode, 2-2
alpha keyboard
diagram, 2-3
locking lowercase, 2-4
locking on, 2-4
operation, 1-4, 2-2
setting automatic lock, 4-9
ALRMDAT
reserved variable, 5-6
amortization (TVM)
calculations, 18-13, 18-19
display mode, 18-19
payment modes, 18-14, 18-19
analytic functions, 11-1
angle modes, 4-3

affect complex numbers, 12-12

affect implied units, 25-11
affect trig functions, A-2
affect vectors, 4-4, 13-3
annunciators for, 1-3
changing, 4-4
Degrees, 4-3
Grads, 4-3
Radians, 4-3

angles
converting, 12-7



Index

dimensionless units, 10-7, PLOT, 1-6
10-8 SOLVE, 1-6
HMS format, 12-7 STACK, 1-6
angular units STAT, 1-6
converting, 10-7 SYMBOLIC, 1-7
animation TIME, 1-7
graphics objects, 9-10 UNITS, 10-1
YSLICE plots, 23-23, 23-33 appointment alarms, 26-2
annunciators arcs
1SR 1-3 drawing, 9-8
alarm (), 1-2, 26-4 arguments, 3-1
Ale 1-3 bad, A-3
alpha o, 1-2 multiple, 3-2
busy X, 1-2 on stack, 3-1
HALT, 1-3 recalling last, 3-5
indicate status, 1-1 stack syntax, 3-1
1/0 » 1-2 too few, A-3
histed, 1-2 arithmetic
Polar/Cylindrical mode RA Z, functions, 12-1
1-3 with arrays, 14-11
Polar/Spherical mode R&A A, with temperatures, 10-11
1-3 with time, 16-4
FRG, 1-3 with units, 10-7, 10-11
Bl 1-3 arrays
shift keys Bal f=d, 1-2, 1-6 applying functions to, 14-13
LEER, 1-3 arithmetic, 14-11
user flags (1 & = 4 %), 1-3 calculations, 14-11
antiderivatives, 20-30 column norm, 14-8
application cards combining, 14-13
expand ROM, 5-1 constant, 14-2
installing, 28-9, 28-12 converting complex to real,
removing, 28-14 14-13
ROM-based libraries, 28-6 converting real to complex,
applications, 1-6 14-13
CHARS, 1-6 creating special, 14-2
command menus and, 1-7 dimensions, 14-8
EQ LIB, 1-6 disassembling, 14-13
1/0, 1-6 editing, 8-5
LIBRARY, 1-6 entering, 2-6
MEMORY, 1-6 entering with MatrixWriter,
MODES, 1-6 8-2, 14-1

Index-3



extracting columns, 14-6
extracting elements, 8-8, 14-7
extracting real part, 14-14
extracting rows, 14-6
Frobenius norm, 14-8

in algebraics, 14-12
inserting columns, 14-5
norms, 14-8

one-column, 8-1, 8-8
one-row, 8-1, 8-8

printing, 27-2

random, 14-3
redimensioning, 14-10
replacing elements, 14-7
row norm, 14-8

spectral norm, 14-8
swapping columns, 14-6
swapping rows, 14-6
vectors, 8-1

B

fr (binary base marker), 15-1
backslash translations, 27-16
backspace

in command line, 2-8

in EquationWriter, 7-10
backup identifiers, 28-3
backup objects

all user memory, 28-5

creating, 28-3

directories, 28-3

evaluating, 28-4

identifiers, 28-3

in custom menus, 30-2

in independent memory, 28-3

in port 0, 28-3
listing, 28-4

moving to port 0, 28-16

moving to RAM card, 28-17

purging, 28-4

recalling, 28-3

index-4

restoring memory from, 28-6
wildcards, 28-4
BAR plots, 23-17
from Statistics, 23-19
base (binary)
affects display, 15-1
options, 15-1
setting, 15-1
typing, 15-2
BASE menu, 15-1, 15-4
batteries
calculator, A-4
changing (calculator), A-5
changing (RAM card), A-7
disposing, A-6, A-8
in new RAM cards, 28-10
low-battery warning, A-4
preserve RAM-card, 28-15
RAM card, A-4
types, A-b
when to replace, 28-11, A-4
beeper
controlling, 4-10
for alarms, 26-6
Begin mode (TVM), 18-14,
18-19
best editing environment, 2-11,
3-7
binary integers
as pixel coordinates, 9-7
bases, 15-1
bits displayed, 15-2
bits lost, 15-2
calculations, 15-2, 15-3
converting to real integers,
15-3
delimiters, 15-1
displaying, 15-1
entering, 15-2
internal representation, 15-2
logic operations, 15-4



rotating, 15-5
shifting, 15-5
boxes
drawing, 9-8
branching structures
conditional structures, 29-10
loop structures, 29-12
program element, 29-3
break (serial), 27-18
buffer (serial), 27-18, 27-19
“building-block” programs, 29-5
bytes
available memory, A-1
of built-in memory, 5-1

C

cable (serial), 27-7
calculation form {Equation
Library)
equations, 25-4
calculator
battery type, A-D
environmental limits, A-4
fixing problems, A-1
halting, 5-16
questions about, A-1
repair service, A-16
testing, A-9, A-10, A-11,
A-12, A-13, A-14
warranty, A-15
won’t turn on, A-9
capital letters
keying in, 1-5
“case” branching, 29-11
catalogs
Equation Library, 25-1
chain calculations, 3-3
character codes
backslash translations, 27-16

characters
alpha keyboard diagram, 2-3
backslash translations, 27-16
keying in, 2-2
size in graphics objects, 9-9
uppercase and lowercase, 2-4
viewing keystrokes, 2-5
viewing numbers, 2-5
CHARS application, 1-6, 2-4
checksums
HP 48-to-HP 48, 27-1
verify backup objects, 28-3
chi-square distribution, 12-5
circles
drawing, 9-8
plotting, 23-11
clearing
flags, 4-8
memory, 5-17
stack, 3-b
user keys, 30-6
clock
displaying, 4-10
format options, 16-1, 26-1
ticks, 16-4
column vectors, &1, 8-8
combinations, 12-4
comma

complex number separator,
12-12

fraction mark, 4-6
command line

arguments go on stack, 3-1

comments in, 2-7

cursor keys; 2-8

deleting, 1-8

editing, 2-1, 2-8

editing environment, 2-12

entering objects, 2-5

entry modes, 2-8
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insert and replace modes,
2-12
inserting stack object, 3-9
keying in special characters,
2-4
multiple arguments, 3-2
multiple objects, 2-7
operation, 1-4, 2-7
processing, 2-8
recalling previous, 2-10
stack and, 1-4
using in EquationWriter, 7-10
command menus
applications and, 1-7
commands
applying to lists, 17-2, 17-3
fraction conversion, 16-5
general math, 12-1
in custom menus, 30-2
in programs, 29-2
stack syntax, 3-1
subset of operations, 11-1
type of object, 11-1
comments in command line,
2-7
complex conjugates, 12-13
complex numbers
as plot coordinates, 9-7
assembling from real numbers,
12-14
calculations, 12-13
conjugates, 12-13
converting to real numbers,
12-13, 12-14
coordinate modes, 12-11
delimiters ¢ 3, 12-12, 13-3
disassembling into real
numbers, 12-14
displaying, 12-11
entering, 12-12

Index-6

from real-number calculations,
12-13
internal representation, 12-12
normalized, 12-12
polar components, 12-11
rectangular components,
12-11
compound-interest calculations
(TVM), 18-13
computer
connecting to HP 48, 27-7
file names, 27-11
restoring HP 48 memory,
27-13
conditional structures
“case” branching, 29-11
error branching, 29-15
“if” branching, 29-10, 29-15
program element, 29-3
test commands in, 29-10
CONIC plots, 23-11
default step size, 23-13
plotting ranges, 24-3
valid equations, 23-11
conjugate complex numbers,
12-13
conjugates (matrices), 14-14
constants
built-in, 11-4
in equations, 25-12
list of, 25-12
numeric, 11-4
symbolic, 11-4, 11-5
Constants Library, 25-12
continuing program execution,
29-9
control alarms, 26-2
converting
algebraics to graphics objects,
7-13
algebraics to strings, 7-14



angular units, 10-7

binary integers to real integers,
15-3

complex arrays to real arrays,
14-13

complex numbers to real
numbers, 12-13, 12-14

dates to numbers, 16-1, 16-2

dates to strings, 16-4

decimal format to HMS, 12-7,
16-3

degrees to radians, 12-7

HMS format to decimal, 12-7,
16-3

numbers to fractions, 16-5

objects to graphics objects,
9-9

pixels to user-units, 9-9

radians to degrees, 12-7

real arrays to complex arrays,
14-13

real numbers to binary
integers, 15-3

real numbers to complex
numbers, 12-14

stack displays to graphics
objects, 9-10

temperature units, 10-10

times to numbers, 16-1, 16-3

units, 10-6

user-units to pixels, 9-9

coordinate modes

affect complex numbers, 12-11

affect vectors, 4-4, 13-1, 13-3

annunciators for, 1-3

changing, 12-11, 13-2

Cylindrical, 4-5, 12-11, 13-1

Polar, 4-4, 12-11, 13-1

Rectangular, 4-4, 12-11, 13-1

Spherical, 4-5, 12-11, 13-1

Index =

coordinates
pixel, 9-7
user-unit, 9-7
coordinates (plot}, 9-7, 9-9
counters
loop structures, 29-12, 29-13
negative steps, 29-13, 29-14
critical points
viewing in graph, 22-11
cross products, 13-4
csT
reserved variable, 5-6, 30-1
CST menu, 30-1
current directory
changing, 5-8
determines VAR menu, 5-4
displayed in status area, 1-1,
5-3
path of, 1-1, 5-3
variables created in, 5-6
current equation, 5-6
solving, 22-10
current statistical matrix, 21-1
CUrsor
command line, 2-12
coordinate modes, 22-4
displaying coordinates, 22-4
insert, 2-12
moving, 1-7
replace, 2-12
cursor keys
using, 1-7
custom menus
creating, 30-1
custom labels, 30-3
in each directory, 30-3
in SOLVR environment, 18-9
objects in, 30-1
shifted keys, 30-4
switching, 30-3
typing aids in, 30-1

Index-7



Index

user-defined units, 10-14,
25-15
Cylindrical coordinate mode,
4-5, 12-11, 13-1
Cylindrical mode, 4-10

D

o (decimal base marker), 15-1
date
converting to number, 16-1,
16-2
converting to string, 16-4
displaying, 4-10
format options, 16-1, 26-1
setting the current, 16-1
debugging programs, 29-8, 29-9
decimal format
converting to HMS, 12-7,
16-3
decimal places
number of displayed, 4-3
defining
user-defined functions from
equations, 11-7
variables from equations,
5-13, 114
defining procedures
local variables in, 29-18
local variable structures,
29-16
degrees
converting to radians, 12-7
Degrees angle mode, 4-3
Degrees mode, 4-10
delimiters
entering, 2-5
' for algebraics, 2-6
[ 3 for arrays, 2-6, 8-1
# for binary integers, 15-1
¢ for complex numbers,
12-12

index-8

[ I for matrices, 2-6, 8-1
# % for programs, 29-1
.. for unit objects, 10-2
[ 7 for vectors, 2-7, 4-4, 8-1,
13-3
list of, 2-6
prevent evaluation of names,
5-14
dependent variable
plotting range, 24-3
derivatives
calculating numerically, 20-9
calculating symbolically,
20-10
“der” variables, 5-6, 20-11
in EquationWriter, 7-5
in PICTURE environment,
22-10, 22-11
user-defined, 20-11
“der” names, 20-11
variables, 5-6
DIFF EQ plots, 19-7, 23-11
mnitial values, 19-8
varlables, 19-8
differential equations
initial value problems, 19-2
plotting second-order, 19-12
plotting solutions, 19-7
plotting stiff, 19-9
plotting vector-valued, 19-12
reducing order of, 19-5, 19-12
second-order, 19-5
solving, 19-1
stiff, 19-4
vector-valued, 19-5, 19-12
differentiation
implicit, 20-12
of algebraics, 20-9
dimensional consistency, 25-10
dimensionless units, 10-7



directories, 5-3
backing up, 28-3
changing current, 5-8
creating, 5-7
current directory, 5-3
custom menu in, 30-3
Equation Library, 25-3
evaluating variables

containing, 5-13

in custom menus, 30-1
paths, 5-4
root directory, 5-3
stored in variables, 5-4
variables in, 5-4

display
annunciators, 1-1, 1-2
command line, 1-4
current path, 1-1
messages, 1-1
number format, 4-2
organization, 1-1
showing clock, 26-1
stack levels, 1-3
status area, 1-1

display form (Equation Library)
equations, 25-4

display modes
affect fraction conversions,

16-5

affect rounding, 12-9
affect truncating, 12-9
changing, 4-3
control number format, 4-2
Engineering, 4-2
Fix, 4-2
Scientific, 4-2
Standard, 4-2

display ranges
PARAMETRIC plots, 23-8
plotting ranges and, 24-3
POLAR plots, 23-5

index

TRUTH plots, 23-15
“do” looping, 29-14
dot products, 13-4
duplicating stack entries, 3-4

E
E (in numbers), 2-2, A-2
editing
algebraics, 7-9
arrays, 8-5
canceling changes, 2-10
in EquationWriter, 7-9
in MatrixWriter, 8-5
inserting objects into
algebraics, 7-11
programs, 29-8
stack objects, 2-10
statistical data, 21-4
subexpressions, 7-10, 7-12,
20-20
user key assignments, 30-8
variables, 2-10
EDIT menu, 2-12
elapsed time
calculating, 16-4
ellipses
plotting, 23-11
ellipsis (...) in display, A-3
End mode (TVM), 18-14, 18-19
Engineering display mode, 4-2
entry modes
Algebraic, 2-8
Algebraic/Program, 2-9
Alpha, 2-2
annunciators for, 1-3
changing manually, 2-9
command line, 2-8
EquationWriter, 7-2
Immediate, 2-8
Program, 2-9
environmental limits, A-4
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environments
best, 2-11, 3-7
editing, 2-10
EquationWriter, 7-2
exiting, 1-8
Interactive Stack, 3-6
MatrixWriter, 8-2
Selection, 7-10, 20-19
EQ
created by Equation Library,
25-2, 25-6
FUNCTION plots and, 23-1,
23-3
GRIDMAP plots and, 23-34
PARAMETRIC plots and,
23-7, 23-9
POLAR plots and, 23-4
PR-SURFACE plots and,
23-36
reserved variable, 5-6
SLOPEFIELD plots and,
23-26
TRUTH plots and, 23-14
EQ LIB application, 1-6
equal sign, 11-4, 18-1, 22-1
Equation Library, 25-1
catalogs, 25-1
chooses solver, 25-2
entering values for variables,
25-3
equation information, 25-4
interpreting results, 25-10
Minehunt game, 25-14
Multiple-Equation Solver,
25-2
pictures in, 25-5
purging variables, 25-5, A-3
reference, F-1
setting units options, 25-1,
25-5
SOLVE application and, 25-2

Index-10

solving for variables, 25-3
solving problems, 25-1
starting solvers, 25-2
subjects, 25-4, F-1
titles, 25-4, F-1
unexpected results, 25-10
units catalog, 25-5
units options, 25-5
user-defined units, 25-15
uses Multiple-Equation Solver,
25-6
variable catalogs, 256-5
variable names, 25-5
viewing equations, 25-4

equations, 11-4, 18-1, 22-1

arguments to functions, 11-4

calculating slope of, 22-10

compared to expressions,
11-4, 18-1, 22-1

creating, 2-6

creating in EquationWriter,
7-3

creating user-defined functions
from, 11-7

creating variables from, 5-13,
11-4

critical points, 22-11

general solutions, 20-16

plotting, 22-1

polynomial approximations,
20-12, 20-15

principal solutions, 20-16

rearranging, 20-17, 20-27

slope of, 22-11

solving, 18-2

solving for unknown variable,
18-1

solving graphically, 22-10

solving linear systems, 14-12,
14-14, 14-15, 14-17, 14-18

solving numerically, 22-10



solving quadratic, 20-15

solving symbolically, 20-14,
20-15

equations (Equation Library)

calculation form, 25-4

designing, 25-8

display form, 25-4

function limitations, 25-9

multiple roots, 25-11

pictures, 25-5

robust, 25-9

solving, 25-1

too many unknowns, 25-8,
25-10

unexpected solutions, 25-10

unused, 25-10, 25-11

variables in, 25-8

viewing, 25-4

EquationWriter, 7-2

creating equations in, 7-3

creating unit objects in, 7-6,
10-4

editing in command line, 7-10

editing subexpressions, 7-10

editing with backspace, 7-10

entering derivatives, 7-5

entering exponents, 7-4

entering fractions, 7-4

entering integrals, 7-b

entering math operators, 7-4

entering names, 7-3

entering numbers, 7-3

entering parentheses, 7-b

entering powers, 7-5

entering roots, 7-4

entering summations, 7-5

entering units, 7-6

entering variables, 7-3

entering where function, 7-6

entry mode, 7-2

examples, 7-8

Index

exiting, 7-3

implicit parentheses, 7-6

inserting stack objects, 7-11

modes, 7-2

operations, 7-13

replacing subexpressions,
7-12

Rules transformations, 20-19

scrolling mode, 7-2, 7-10,
7-13

Selection environment, 7-2,
7-11, 7-12, 7-13, 20-19

starting, 7-3

subexpressions, 7-10

errors

causes, 29-15

conditional structures, 29-15

controlling beeper, 4-10

during equation solution,
25-10

messages listed, B-1

numbers for, B-1

serial 1/0, 27-18, 27-19

trapping, 29-15

evaluation

of algebraics, 11-3

of backup objects, 28-4

of local variables, 29-17

of symbolic constants, 11-5

of test clauses, 29-10, 29-11,
29-14

of variable names, 5-13

preventing for names, 5-14

exponential functions, 12-2
exponents

display format of, 4-3
fractional, A-2
in EquationWriter, 7-4

expressions, 11-4, 18-1, 22-1

compared to equations, 11-4,
18-1, 22-1
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differentiating, 20-9
integrating numerically, 20-1
integrating symbolically, 20-7
plotting, 22-1
rearranging, 20-17, 20-27
solving, 18-2
solving symbolically, 20-14,
20-15

extremum
in SOLVE application, 18-4
of graph, 22-11

eyepoint, 23-24
PR-SURFACE plots, 23-37
requirements, 23-25
WIREFRAME plots, 23-30

F

factorials, 12-4
f distribution, 12-5
fields (input forms), 6-1
check, 6-2, 6-4
data, 6-2, 6-3, 6-4
determining valid object types,
6-6
extended data, 6-2, 6-3
list, 6-2, 6-4
resetting, 6-6
selecting, 6-2, 6-3
types of, 6-2
files
backing up memory, 27-12
choosing names, 27-11
restoring memory, 27-13
Finance Solver application,
18-13
amortization, 18-19
payment modes, 18-14
Fix display mode, 4-2
fixing problems, A-1

Index-12

flags
Acknowledged Alarms Saved
(—44), 26-5
Alarm Beep (—57), 26-6
Alpha Lock (-60), 4-9
backing up in backup object,
28-5
backing up on computer,
27-12
clearing, 4-8
Complex Mode (—19), 12-14
control modes with, 4-7
default states, 4-9, D-1
Infinite Result Exception
(—22), 14-16
Numeric Results (—3), 5-13,
11-5
Principal Solution (—1), 20-16
RECV Overwrite (—36),
27-11
Repeat Alarms Not
Rescheduled (—43),
26-6
setting, 4-8
Symbolic Constants (—2),
11-5
system, D-1
testing, 4-8
user, 4-9
“for” looping, 29-13
fractional exponents, A-2
fractional part of real number,
12-9
fraction mark, 4-6
affects complex numbers,
12-12
comma, 4-6
period, 4-6
setting, 4-6



fractions
converting real numbers to,
16-5
in EquationWriter, 7-4
freeing merged memory, 28-16,
28-17
function analysis, 22-9
FUNCTION plots, 23-1
default step size, 23-3
FQ in, 23-1, 23-3
PICTURE FCN tools and,
23-1
TRACE mode, 23-3
valid equations, 23-1
functions
analyzing plots of, 22-9
angle conversion, 12-7
applying to arrays, 14-13
applying to lists, 17-5
arithmetic (summary), 11-5
equations as arguments for,
11-4
exponential, 12-2
fraction conversion, 16-5
general math, 12-1
hyperbolic, 12-3
logarithmic, 12-2
number parts, 12-9
percent, 12-9
scientific (summary), 11-5
subset of commands, 11-1
trigonometric, 10-8, 12-2,
A-2
type of object, 11-1
user-defined, 11-6, 24-2
functions of two variables
plotting, 23-22
future value (TVM), 18-20

G

Gamma function, 12-4
Gaussian elimination, 14-18
general solutions
equations and algebraics,
20-16
ISOL and QUAD and, 20-16
nl and, 20-16
principal solutions and, 20-16
s1 and, 20-16
specifying, 20-16
global variables, 25-2, 25-5,
25-11, A-3
action in programs, 29-2
disadvantages in programs,
29-16
VAR menu, 5-11
GRAD annunciator, 1-3, 4-3
Grads angle mode, 4-3
Grads mode, 4-10
Graphics environment
adding elements, 9-3
pixel operations, 9-8
graphics objects
character size in, 9-9
creating from algebraics, 7-13
creating from objects, 9-9
extracting images, 9-10
printing, 27-2
size of, 9-10
superimposing, 9-9
viewing in stack display, 9-10
Greek letters
keying in, 1-5
translations, 27-16
GRIDMAP plots, 23-34
controlling output display,
23-34
FQ in, 23-34
output grid, 23-22, 23-34
guarantee, A-15
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guessed solutions
help find solution, 25-10,
25-11
SOLVE application, 18-1,
18-3, 185
guesses solutions
help find solution, 25-11

H
Fi (hex base marker), 15-1

HALT annunciator, 1-3, 29-9,
A-3

halting programs, 29-9
halting the calculator, 5-16
hidden variables

showing, 20-17
HISTOGRAM plots, 23-17

from Statistics, 23-18
HMS format

converting to decimal, 12-7,

16-3

for angles, 12-7

for time, 16-3
HOME directory

backing up, 27-12, 28-5

restoring, 27-13, 28-6

switching to, 5-12
humidity limits, A-4
hyperbolas

plotting, 23-11
hyperbolic functions, 12-3
HYP menu, 12-3

!

IERR (integration uncertainty),
20-7
“it” branching, 29-10, 29-15
imaginary part
of complex matrices, 14-14
of complex numbers, 12-13
Immediate-entry mode, 2-8

Index-14

implicit parentheses, 7-6
independent memory
backup objects in, 28-3
expanding, 28-15
libraries in, 28-8
port 0, 28-2, 28-3
independent variable
plotting range, 24-3
index number (alarm}, 26-4
infrared port
testing, A-13
infrared printers
printing, 27-2
setting up, 27-3
initial value differential equations
solving, 19-2
stiff, 19-4
input forms, 6-1
commands, 6-7
creating, 6-7
determining valid object types,
6-6
editing data, 6-4
entering data from keyboard,
6-3
entering lists, 6-3
entering stored objects, 6-3
executing, 6-7
exiting, 6-7
fields, 6-1
global changes, 6-7
labels, 6-1
navigating in, 6-2
prompt line, 6-1
resetting fields, 6-6
selecting fields, 6-2
selecting options, 6-4
SOLVE and PLOT, 6-7
stack calculations and, 6-5
titles, 6-1
using a second, 6-5



insert cursor, 2-12
integer part of real number,
12-9
integrals
accuracy, 20-6
and Taylor polynomials, 20-9
definite, 20-1, 20-7
TERR contains uncertainty,
20-7
improper, 20-2
indefinite, 20-9
in EquationWriter, 7-5
in PICTURE environment,
22-10
limiting accuracy, 20-6
multiple, 20-5
of non-integrable expressions,
20-9
solving numerically, 20-1
solving symbolically, 20-7
uncertainty, 20-6
integration
legal symbolic expressions,
20-7
numeric, 20-1
symbolic, 20-7
integration patterns
symbolic, 20-30
Interactive Stack
editing environment, 3-6
keyboard, 3-9
menu, 3-7
operation, 3-7
pointer, 3-6
interest rate (TVM), 18-20
intermediate results
using on stack, 3-3
International System of Units,
10-2, 10-6
intersections, 22-10
mverse functions, 20-15

index

inverting
matrices, 14-10
I/0
backing up memory, 27-12
computer connection, 27-7
errors, 27-18, 27-19
file-naming, 27-11
HP 48-PC, 27-9
HP 48-to-computer, 27-7,
27-12
HP 48-to-HP 48, 27-1
input buffer, 27-18, 27-19
Kermit commands, 27-13
Kermit protocol, 27-9
non-Kermit commands, 27-15
parameters for serial printer,
27-3
protecting variables, 27-11
restoring memory, 27-13
serial commands, 27-15
serial wiring, 27-7
testing ports, A-13, A-14
XON/XOFF pacing, 27-3,
27-17
1/0 application, 1-6
I/0O menu, 27-18
IOPAR

reserved variable, 5-6

K

Kermit
file transfer protocol, 27-9
packets; 27-13
sending commands, 27-13
keyboard
alpha, 1-5, 2-2
alpha diagram, 2-3
alpha left-shifted, 1-5
alpha right-shifted, 1-5
assigning user keys, 30-5
backspacing, 2-1
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disabling user keys, 30-7
entering delimiters, 2-5
entering objects, 2-5
entering special characters,
2-4
EquationWriter, 7-2
in PICTURE environment,
22-5
Interactive Stack, 3-9
keying in characters, 2-2
keying in numbers, 2-1
keystrokes queued, 1-2
left-shifted, 1-4
locked up, 30-8, A-9
math functions, 12-1
menu keys, 1-8
multiple functions of, 1-4
organization, 1-4
primary, 1-4
right-shifted, 1-5
shift keys, 1-4, 1-6
testing operation, A-11
unassigning user keys, 30-6
uset keys, 30-4
key location numbers, 30-5
keystrokes
queued, 1-2
viewing, 2-H
killing programs, 29-9

L

last arguments
recalling, 3-5
saving, 4-10

last command line
recalling, 2-10
saving, 4-10

last stack
restoring, 3-6
saving, 4-10

Index-16

letters
keying in, 2-2
uppercase and lowercase, 2-4
LIBRARY application, 1-6
library objects
attaching, 28-7, 28-8
compared to programs, 28-6
contain objects, 28-6
detaching, 28-8
extend command set, 28-6
identifiers, 28-7
in independent memory, 28-8
limiting access, 28-8
moving to port 0, 28-16
names, 28-7
purging, 28-8
RAM- or ROM-based, 28-6
setting up, 28-7
linear equations, 14-12, 14-15,
14-17, 14-18
finding “best” solution, 14-15
matrix equations and, 18-11
solvable systems, 18-12
solving systems of, 14-14,
18-11, 18-12
Linear System Solver
allowable systems, 18-12
interpreting results, 18-12
testing solution, 18-12

using, 18-11
lines

drawing, 9-8
lists, 17-1

action in programs, 29-2
adding elements in two, 17-3
appending, 17-1, 17-2
applying comumands to, 17-2
applying functions to, 17-4,
17-5
applying procedures to, 17-5
applying programs to, 17-4



concatenating, 17-3, 17-6

counting elements in, 17-7

creating from keyboard, 17-1

creating from stack, 17-1

dividing two, 17-4

entering, 2-5

finding elements, 17-7

manipulating, 17-6

multiple-argument commands
and, 17-3

multiplying two, 17-4

placing elements on stack,
17-6, 17-7

placing first element on stack,
17-7

processing, 17-2

replacing elements, 17-7

reversing, 17-6

sorting, 17-6

subtracting two, 17-4

using with input forms, 6-3

local variables, 29-4

action in programs, 29-2

compiled, 29-18

creating, 29-3, 29-16

evaluating, 29-17

exist temporarily, 29-16,
29-17, 29-18

in subroutines; 29-18

naming, 29-16

using outside of defining
procedure, 29-18

local variable structures

advantages, 29-17

as user-defined functions,
29-19

calculations with, 29-4

create local variables, 29-16

defining procedure, 29-16,
29-18

entering, 29-16

Index

in user-defined functions,
29-18

operation, 29-3, 29-16

program element, 29-3

syntax, 29-3, 28-16
logarithmic functions, 12-2
logical functions, 15-4
loop structures

counters, 29-12, 29-13

definite, 29-12

“do” looping, 29-14

“for” looping, 29-13

indefinite, 29-12

negative steps, 29-13, 29-14

program element, 29-3

“start” looping, 29-12

test commands in, 29-14

“while” looping, 29-14
low-battery warning, A-4
lowercase letters

in units, 10-3

keying in, 1-5, 2-4
low-memory conditions, 5-18

]

mantissas, 4-3
math operations, 12-1
matrices, 8-1
assembling from sequences,
14-4
assembling from vectors,
14-3, 14-4
augmented, 14-18
calculations, 14-11
characterizing, 14-7
condition number, 14-9
conjugating, 14-14
decomposing, 14-21
determinants,; 14-9
disassembling into elements,

14-4
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disassembling into vectors,
14-4, 14-5

eigenvalues, 14-20

eigenvectors, 14-21

entering, 2-6

entering with MatrixWriter,
8-2, 14-1

extracting diagonal elements,
14-5

factoring, 14-21

(Gaussian elimination, 14-18

identity, 14-2

ill-conditioned, 14-16

inserting rows, 14-5

inverses, 14-16

inverting, 14-10, 14-18

rank, 14-9

reconstructing from singular
values, 14-22

row operations, 14-19

row-reduced echelon, 14-19,
14-20

singular, 14-16

singular values, 14-22

solving linear equations, 14-14

spectral radius, 14-9

statistical data, 21-1

trace, 14-9

transforming, 14-18

transposing, 14-10

MATRIX menu, 8-8
MatrixWriter

cell entry order, 8-5, 8-8
deleting columns, 8-7, 8-8
deleting rows, 8-7, 8-8
editing arrays, 8-5
entering arrays, 8-2, 14-1
entering vectors, 8-8
inserting columns, 8-6, 8-8
inserting rows, 8-7, 8-8
MATRIX menu, 8-8

Index-18

setting cell width, 8-5, 8-8
statistical data, 21-4
statistical data and, 21-2
using, 8-2
maximum
in SOLVE application, 18-4
of graph, 22-11
memory
amount available, A-1
automatic cleanup, 5-1, A-3
backing up in backup object,
28-5
backing up to computer,
27-12
backup objects in, 28-3
clearing all, 5-17
expanding, b-1, 28-15, 28-16
low-memory conditions, 5-18
out-of-memory condition,
5-20
plug-in cards, 5-1
RAM defined, 5-1
recovering, 5-17, 28-14
restoring from backup object,
28-6
restoring from computer,
27-13
ROM defined, 5-1
user 