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The Keyboard and Display

Organization of the Display

For most operations, the display 1s divided into three sections, as
shown below. This configuration is called the stack display. The
following topics describe each of these sections.

Status area
)
Stack <
b
Command
line "'B ' *
WECTR[MATR] LIZT | HYP | REAL | ERZE | Menu labels

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

a 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 ca,binet.
(Directories are covered in chapter 5.)

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

T'he 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.

path

KA cacianc

. Message
area

+B'+
MATE] LIST

Annunciators

Meaning

(t=))

Left-shift 1s active (you pressed (&)).
Right-shift is active (you pressed (»)).

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.)

Busy—mnot ready to process new mput. (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

FAL Radians angle mode 1s active.
RAL Grads angle mode 1s active.
M Polar/Cylindrical coordinates mode is active.
o Polar /Spherical coordinates mode is active.
HALT Program execution has been halted.

i 2 2 4 S |The indicated user flags are set.
PLISHE The user keyboard is active for one operation.
LISEH The user keyboard 1s active until you press («q)(USER)
HE G Algebraic-entry mode 1s active.
FRG Program-entry mode 1s active.

The Stack

The stack 1s a series of memory storage locations for numbers and
other objects. The locations are called levels 1, 2. 3, etc. The number
ot levels changes according to how many objects are stored on the
stack—f{rom 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
assoclated 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:

m Primary keyboard. Represented by the labels on the key faces:

for example, (1), (7), (ENTER), (TAN), and (A) 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 (eq) key followed by the key.

m Right-shift keyboard. Activated by pressing the green (r*) 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.

s Alpha keyboard. Activated by pressing the (o) key. Alpha keys
are labeled mm white and located to the right of their associated
primary keys. Alpha keys are all capital letters. To generate “N”

for example, press (a) followed by the (STO) key. Notice that when
the alpha keyboard 1s active, the a 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 (a), then (&), and then
(STO).

m Alpha right-shift keyboard. Activated by pressing (a) 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).

' ] [sT0] Bval () [V >

-------------------------

'sIN] [cos) (TAN) (Vx| [yX) [1 R

__ENTER | [+/-) [EEX| [DEL; (4-
a7 )08 (e ) [+
&ajle s (e ][ x

:

Primary
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When you press (&q) (left-shift) or () (right-shift), the &Y or a3

annunciator appears in the display.

To cancel a shift key:

m To clear the shift key, press it again.
m To change to the other 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 only 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 wnteract with that
application. The HP 48 has twelve application keys:

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

() (EQ LIB) Provides access to over 300 scientific equations,
accompanying diagrams and variable sets, 40 physical

constants, and the Multiple Equation Solver (see
chapter 25).

()(/0) Facilitates transfer of data between the HP 48 and
printers, computers, and other HP 48s (see chapter
27).

(®)(LIBRARY)  Allows you to access commands and programs on
plug-in cards and port memory (see chapter 28).

(e»)(MEMORY) Provides access to the Variable Browser application
for organizing and managing stored variables (see
chapter 5).

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

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

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

() (STACK) Accesses the Interactive Stack application (see
chapter 3).

() (STAT) 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).

(=) (ME) 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 apphcation. 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 18 being displayed 1s summarized below:

The Behavior of Cursor Keys

Key No Shaft Right Shaft

(<) Moves the cursor left. Moves the cursor to the
beginning.

) Moves the cursor right. Moves the cursor to the end.

(V) Moves the cursor down. Moves the cursor to the
bottom (or end).

(A) Moves the cursor up. Moves the cursor to the top

(or beginning).

DEL 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:

m (@) (or (PICTURE)) displays the current picture.
m (») (or (SWAP)) swaps the objects on levels 1 and 2 of the stack.

m (A4) (or (STACK)) begins the Interactive Stack application.
m (V) (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.
m («) (or (DROP)) drops the object on level 1 from the stack.

The CANCEL Key

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

To stop the calculator:

m To delete the command line, press (CANCEL ).
m o 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

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:

L. Press the key or keys corresponding to the menu you want.

2. Menus with more than six entries are extended over two or more
pages. If necessary, change to the menu page you want:
® lo move to the next page, press (NXT).
m To move to the previous page, press @[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 1n the second page of the MTH PROB menu.

When you switch from one menu to another, the HP 48 stores the
1dentity and page number of the last menu you were 1n. Pressing

(2)(MENU) (found over the (NXT) 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 occupiles 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:

I. Press the appropriate number and (%) keys.
2. 1f the number is negative, press (¥/).

To correct a typing mistake:

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

To delete the entire number from the command line:

B Press LCANCEL ).
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Example: Enter the number —123.4 in the command line.
Step 1: Key in the digits.
123 (-) 4 |

Step 2: Make the number negative.

*- l ~1£3. 94 ‘
VMECTR[MATE] LIST | HYF | REAL | ERZE

Press (CANCEL) (the key) to delete the command line.

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

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

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
(a) key. (The d annunciator turns on while the alpha keyboard is
active.)

- When you press the (d) 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:

m The left-shifted alpha keyboard types in lowercase letters.
m [he 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 o
annunciator Is on.
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Alpha Keys

Insert
Replace
mode

For creating

accented
characters

CONT OFF

DR N I A R LG G =

_

To key in a single character:

m Press (o) and key in the character.
or

u Hold down (@), key in the character, then release ().

To key in several characters:

¥ Press (a)(a), key in the characters, then press (@) again.

or

® Hold down (@), key in the characters, then release (a).
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Pressing (@) once activates Alpha-entry mode for one character only.
Pressing (o) 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 (a} while you type several
characters in a row. If you prefer, set Flag —60 to enable a single
press of (a) to lock Alpha-entry mode.

To lock or unlock the lowercase keyboard:

a If d is locked on, press (¢q)(a) to lock lowercase mode.

a If d 1s off, press (a)(a)(€q)(a) to lock lowercase mode.
m To unlock lowercase, press (&q)(a). Also, terminating the entry

process—by pressing (ENTER]) or (CANCEL ), or by executing a

command-—automatically unlocks lowercase mode.

While in lowercase Alpha-entry mode, you must use (¢q) 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 1s easy to forget the
particular sequence of keystrokes needed for the less-irequently 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 1t 1n from the alpha keyboard.
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The Four CHARS Screens

CHARACTERS 64-127 SRR
EABCDEFGHIJKLMNO
PAORSTUYMHRYZ[ 1" _

CHARACTER: 0O-p3 Sy

RE T TARST Ty
B123456789: 5 <=37

KEY: {NONE) NLM: @
1 | [ -84 ] +&4 [ECHOD

CHARACTERS 12B-1%91
AxvlIEpTmaLazarel
TvdemMBNpPoTal)ew

| EEQY | & D24~ -8"
“+ed ., 128Kk,
KEY: fr[5PC) MUH: 128
11 ] -84 ] +8M JECHO

*abcdefghijklmno

PaQrstuvwxyzy | I~
KEY: oc(#[ENTER) MUM: Y

' CHARACTERS 192-355 SRERNS
RAARAAKCEECET 2T
PHNOGOGOXBULGOYED
355858 8mcedeBiii

% L T

drosddorsuddudgp g

KEY: otAciey? NLUM: 192
| 1 -54] +5Y [ECHD

To use CHARS to view or key in characters:
1. Press (g]lCHARS] A display of 64 characters appears.

2. Use

~and @ #r 4

- to cycle through the pages of characters.

3. Use the arrow keys (@ (»), (A}, and (¥)) to select a character.

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

keystroke 1s shown at lower left.
4. 'To msert the selected character at the cursor point, press
. Repeat steps 2, 3, and 4 to insert additional characters.

T

0. 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 Delmmters Keys Examples
Real number none "1 4.7
Complex number . () () CE.25. 12010
String a @) "Hella"
Array [ 3 («)(]) 4.8 -1.22.11]
Unit _ 11.5_+1
FPrﬂgram # 0 DUF HEG #* or
“ % ab 'arh' ®
Algebraic P (') 'A-B
List (HE}) LE.25"FIVE"
Built-in command none ' FIA
Name o (}) YOL or
L

. 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.)

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

Fven 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 (') 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 (9)([]) to begin the array and («q)([ I) to begin the first row.
2. Key 1n the first row. Press (SPC) between each element.
3. Press () to move the cursor past the 1 row delimiter.
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4. Optional: Press (p»)(«) (new line) to start a new row in the

display. |
5. Key in the rest of the matrix. You don’t need to add [ 1 delimiters
for subsequent rows—they’re added automatically later.

6. Press (ENTER).

To key in a vector using the command line:

1. Press (q)([1) 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 1n 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 8, “The

MatrixWriter,” for information.

Using the Command Line

T'he 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
F.quationWriter 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 (@)(*)), or delimiters to
separate objects. For example, you can key in 12 (SPC) 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 ¢nserted
at the cursor position, and any trailing characters move to the
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right. In addition, you can use the following keys to edit data in the

command line:

Command Line Operations

Key

Description

)

&) ()

Q

DEL

() (EDIT)
(®)(ENTRY)

(ENTER)

(CANCEL )

Move the cursor left and right in the command hne.

(((*)(«) and (¢»)(») move the cursor to the far left and
far right.) '

If the command line has more than one line, move the

cursor up and down one line. (((*){4A) and (*)(¥) 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 lett of the cursor.
Deletes the character beneath the cursor.

Displays the EDIT menu, which contains additional
editing operations.

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.

Discards the entire command line.

Selecting Command-Line Entry Modes

The HP 48 has four command-line entry modes that make 1t easier for
you to key 1n objects.

m 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 (STO)).
Immediate-entry mode 1s the default mode.

m Algebraic-Entry Mode. (Activated when you press (*), and
indicated by the AL 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 SIH: ). Other commands are
executed immediately (for example, (STO) or («q)(PURGE)).

m Program-Entry Mode. (Activated when you press (){«») or
(x9J({}), and indicated by the FEG annunciator.) Program-entry
mode 1s used primarily for entering programs and lists. It’s also

used for command-line editing ((«3)(EDIT)). In Program-entry mode,
function keys and command keys act as typing aids (for example,

types ZIH, and (STO) types ST). Only non-programmable
operations are executed when you press a key (for example, (ENTER),

(VAR), or ((*»)(ENTRY)).

s Algebraic/Program-Entry Mode. (Activated when you press (7)
while 1n Program-entry mode, and indicated by the ALE and FRG
annunclators.) Algebraic/Program-entry mode is used for keying
algebralc objects into programs.

To change entry modes manually:

m Press (®)(ENTRY).

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

: ENTRY ENTRY
Immediate r Program r > Algebraic/Program
entry > entry < entry
= || ENTRY

(®J(ENTRY]) allows you to accumulate commands in the command
line for later execution. For example, you can manually invoke
Program-entry mode to enter 4 5 + [ into the command line, and

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

easler 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.

12 100 4
[IZ]&_]J(():G) @M EIZTF r-1T I{mm
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Step 2: Process the command line to complete the calculation.

(ENTER) (5} ]: 1

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 (A) and (V)

keys, and press LK .

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.
2. View or edit the object according to the rules of the environment.
3. Exit the environment:
m To exit after viewing, press (CANCEL }.
m To save changes you’ve made, press (ENTER}.
a To discard changes you've made, press (CANCEL J.
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Viewing or Editing an Object

Location of Viewing/Editing Keystrokes to

Object Environment View or Edit

Level 1 Command line («9)(EDIT)
Best (see below) (V)

Level n Interactive Stack (A) to level n, MIEH

Variable name Command line (') name (q)(EDIT)

Best () name (@) (RCL)
¥

The command line is the simplest viewing and editing environment:

s 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.

m 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
1s most appropriate based on the type of object:

m 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).

m Matrices are copied into the MatrixWriter environment (see chapter
3).

n 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 (4q)(EDIT]) to
get the EDIT menu. The EDI'T 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

£SK1F skips to the beginning of a word. The following table lists the

0perat10ns available in the EDIT menu:

EDIT Menu Operations

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.

Deletes all characters from the cursor to the end of the

line.

- IHME Qwitches the command-line entry mode between Insert
mode (# cursor) and Replace mode (M cursor). A ® 1n

the menu label indicates Insert mode 1s active.

Activates the Interactive Stack. (See “The Interactive
Stack” in chapter 3.)
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Stack

The stack 1s 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:

m 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.

m The arguments for a command are removed from the stack when the
command 1s executed.

m Results are returned to the stack so that you can see them and use
them 1n 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 (ENTER) 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
(1/x)) to calculate 1/In 3.7.

3.7
@ Dol

To use a two-argument command:

1. Enter the first argument and then the second argument. The first
argument should be 1n 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 (4, —, x, /, and *) and percent

- calculations (%, %CH, and %T) are examples of two-argument
commands.

Example: Calculate 85 — 31.

85 (ENTER) 31 1 54
E] mm

Example: Calculate /45 x 12.

45 (@) 12 () 1: 36.49844719

VELTH|MATR | LIZT | VP | REAL | EAZE

Example: Calculate 4.7%1.

4.7 (ENTER) 2.1 (*)

1 ES rarerrboe
VELTE[MATH] LIZT | HYP | RERL | ERZE

To enter more than one argument in the command line:

m Press (SPC) to separate arguments.

Example: Calculate v/2401.
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1z 4
VECTR[MATE] LIZT [ HYP [ REAL [ERZE

2401 (SPC) 4 (=) (%)

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 (ENTER) 3
7 (ENTER) 9

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

(%) _ 1 24l

MECTE[MATR] LIZT | WP [REAL [E#ZE

Example: Calculate 232 — (13 x 9) + —? _
Step 1: First, calculate 232 and the product 13 x 9.

23 (1)) L 29
1 117

13 (ENTER) 9
| ® mm:

Step 2:  Subtract the two intermediate results and calculate 3.

7
S %’ ?14235?143%:%
(ENTER) 7 (3 IELTEIMATR] LIST | B(P | REAL ] EniE.

Step 3:  Add the two results.

WECTE[MATE] LIZT | HYP | KEAL
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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:
m Press (eq)(SWAP) (or () when no command line is present).

The SWAP command is useful with comimands where the order 1s
important, such as —, /, and *.

Example: Use (¢q)(SWAP) to help calculate \/1§+ .

Step 1: First, calculate /13 + 8.

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

9 () (SWAP) 22 9
1 4 58797969496
[HATE] LIET | HYP ] REAL [ EAZE

Step 3: Divide the two values.

=) 1 1 96396101712
VECTR[MATR] LIET | HVP ] REAL [ERZE

To duplicate the object in level 1:

m Press (eq)(STACK) (NXT) E:LIE (or press (ENTER) if no command line

1S present).

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

Example: (Calculate 4;'5 | (ﬁ)4-

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

47.5 (1/x) (ENTER) P . 18526315/89E-¢
1 : E IEIEEE-B 15/89E-¢7
I'.Tﬂlm
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Step 2: Raise the value to the 4th power.

4 (2) . a 2. 1892631 5763E—¢
1' 1 9643882618% =7
VECTR[MATE] LIST | HVP T HERL [ ERZE

Step 3. Add the result to the original value.

] s ¢. 100782801692
MATE] LIST | HYP [ REAL | ERZE

To delete the object in level 1:
s Press (¢q)(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 stack:
s Press (\9)(CLEAR) (or (DEL) when no command line is present).

Recalling the Last Arguments
The LASTARG command ([ﬁ]lARG )) 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 comphcated
arguments, such as algebraics and matrices.

To recall the arguments of the last command:

m Press ((#)(ARG).
Example:  Use (¢#)(ARG) to help calculate in2.3031 + 2.3031.

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

2.3031 @)V 23 83425604152
()(ARG) ]: 2.3031

VECTR[MATE] LIST | HYP [REAL [ERZE
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Step 2: Add the two numbers.

1 3 13730684137
. VECTR[HMATR] LIET | HVP T RERL [EAZE

Restoring the Last Stack (UNDO)
The UNDO command ((»}(UNDO ) restores the stack to the way 1t was

before you executed the most recent command.

To restore the stack to its previous state:

m Press (¢(»)(UNDO].

The Interactive Stack

The normal stack display 1s 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:

m 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.
m Delete objects from the stack.
=
—

Edit stack objects.
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 1s displayed. You must exit the Interactive
Stack before you can execute any other calculator operations.
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Current

stack level

To use the Interactive Stack:

1.
c
3.
L H 1.5

CECHD { "I PICE [ ROLL [ROLLC

Stack pointer

3
4
2
2

+L1

stack pointer appears on level 1.
9. 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 1s present When you select the Interactive Sta,ck

only the

COpY (echo) an obJect from a higher stack level to the cursor position

in the command line.

Interactive-Stack Operations

Key

Description

(IZ]' STACK] (or (&) when no command line is present):

Copies the contents of the current level into the
command 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 (ENTER)

when finished editing (or (CANCEL) 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

()(EDIT)

®
(NXT)
[ENTER |
(CANCEL ]

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 » 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 (equivaleht 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 (#q), moves the stack pointer up four levels

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

‘when preceded by (), moves the stack pointer to the

top of the stack (((#)(&) in the following keyboard
1llustration).

Moves the stack pointer down one level. When
preceded by (4}, moves the stack pointer down four

levels ((eq)(PgDn) in the following keyboard
tllustration); when preceded by (), moves the stack

pointer to the bottom of the stack (((#)(¥)in the
following keyboard illustration).

| Copies the object 1n the current level into the

command line for editing. Press (ENTER) when finished
editing (or (CANCEL) 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 hike this:

1 1 1 ] |
OO
w | (DO (DA

current

=)
Exits J [ } [ j [ ] [ j
interactive [ Deletes

stack [ ENTER ] [+/-] [ j { } *] current

L JC ) JC )
() JC )
) L
)

> I
Cancel] () [ ][

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

4. Press (ENTER) (01‘ ICANCEL |) to leave the Interactive Stack.
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Example: Use the Interactive Stack to insert the number 1.2345 into
the command line, creating the list £ § 1. 2345 .

Step 1:  Put these numbers on the stack.

1.2345 (ENTER)
2.3456 (ENTER)
3.4567 (ENTER)

Step 2: Start entering the list.

@ED A

Step 3: Select the Interactive Stack.

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

Step 5: Put the list on the stack.

(ENTER)
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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.

Example
Command /Description
Input Output
DEPTH Returns the - = 1 &
number of objects on the = 16 = =
stack. i ] i o
DROP2 Removes the - 1= -
objects 1n levels 1 and 2. = g |2

1 3 |1 12

DROPN Removes the first | 4: i=3 | 43

n + 1 objects from the stack | =: 455 | 3

(n 18 1n level 1). Shown in 2 FE9 | 2t
1: = 1 12
DUP Duplicates the object | = =F 23z
in level 1. o SS52 | 2 543
- e |- wp
DUP2 Duplicates the =¥ 4 =R
objects 1n levels 1 and 2. ot = (E, S
nt ‘A - ‘H
is R i PaP= i
DUPN -DUplica,teS n I - { =
objects on the stack, starting | & k- 455
at level 2 (n is in level 1). 3 122 | 4 p =
- 455 | = 125
= == o 455
1 2 |1 g
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Example
Command/Description
Input Output

OVER Returns a copy of = o 'HE!
the object 1n level 2. = 'HE ! = 1234
1 1224 | 1 'HE
PICK Returns a copy of = - iz2 | g e
the object 1n level n + 1 to =4 455 | 5 s Sl
level 1 (n 1s in level 1). = RS- =
13 2 | i3 125

ROLL Moves object in =t 20D | S
level n + 1 tolevel 1 (nisin | 4= 444 | 4z SEE
level 1). = 235 | 3 255
15 4 1: b b

ROLLD Rolls down a X 12 | &:
portion of the stack between | Sz od | S 1=
level 2 and level n + 1 (nis | 4= 56 | 4: =15
| 1n level 1). =t 7E | I3 oF
13 4 | 1: 7e
ROT Rotates the first = 12 | 25 =
three objects on the stack = 3d | 2 S
(equivalent to = ROLL). 1 o | 1 12

3-12 Stack




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 you to control
the modes the HP 48 uses.

To use the MODES application:

m Press (*)(MODES ).

CALCULATOR MODES
NUMBER FORMAT: EfNa]
ANGLE MERSURE: Degrees

COORD SYSTEM: Rectanaul ar
v EEEP _CLBCK  _FM.

CHOOSE NUMBER DISPLAY FORMAT
_ leHooE]  [FLAG [IRNEL] 0K

The Calculator Modes Screen

T'his screen allows you to set the following calculator modes:

m Display mode for the number format

m Angle mode
m Coordinate mode

Modes
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Beep mode
Clock display mode
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:

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

Fix mode (F i:)—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).

Scientific mode (5ci)—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 (Eriz)—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:

Press ((»)(MODES).
nghhght the HUMEEERE FOREMAT: field.

1105, (Or, press (#/-) repeatedly to cycle through the fixed
list of optlons and stop when your choice appears in the field.)

4-2 Modes



CALCULATOR HODE=
- + arndard

tObRIScientific
YEEIEmgineering

CHOOSE NUMBER DISPLAY FORMAT
11 1 ftAWiL] BE

The Number Format Choose Box

m If the format 1s Fix, Sci, or Emo, press @ type the number of
display digits, and press |ENTER|

P T'eSS Rk

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 | ! /o7 of a circle REL
Grads |!/400 of a circle GRAD

To set the angle mode from the MODES application:

1. Press (¢»)(MODES).
2. Use the arrow keys to highlight the AHGLE MEASURE: field.
3. Do one of the following:

u Press CH

g_i;i_gf!_lt to display the list of choices, select your choice,

_ Press m repeated]y until your choice appears in the held.
4. Press AHCL 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-dimensional vectors can be

displayed in either rectangular mode (L, or [ ¥ 1) or polar
mode ({Rs£x or [ F £ 1).

Three-dimensional vectors can be displayed in rectangular mode
(L %Y Z 1), cylindrical mode ([ F £ Z 1), or spherical mode
([ R a4 ]

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

Two-Dimensional Display Modes

Rectangular Polar

X [a b] [r <0]

Coordinate Systems for Complex Numbers and 2D Vectors
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Three-Dimensional Display Modes

Rectangular Cylindrical Spherical

[abc] | [ty <6 ¢] | [F<0 9]

Coordinate Systems for 3D Vectors

To set the coordinate mode from the MODES application:

1. Press (¢ )(MODES).
2. Use the arrow keys to highlight the I_.IZIL!F[' SYSTEM: field.

3. Do one of the followmg

- Press i"l:ll:l % to display the list of choices, select one, and press

= Press m repeatedly until your choice appears in the field. Note
that Folar means “polar cylindrical” when 3D vectors are

displayed
4. Press 1k to confirm your choice, or L HHEL to cancel 1t.

To change the coordinate mode directly from the keyboard:

m Press ((#)(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 oceurs. You
can turn this beeper on and off.

To set the beep using the MODES application:

1. Press (¢»)(MODES).
2. Highlight the EEEF field and press «HE  (or (*/)) until the

desired setting is shown (checked—beep is on; unchecked-—beep is

off).

3. Press Ok

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

To display the clock:

1. Press (¢»)(MODES ).
2. Highlight the CLOCK field and press . «HE (or (*/2)) until the

desired setting is shown (checked-—clock displayed: unchecked—no
clock displayed).

J. Press 0K  to confirm your choice, or ZHHEL to cancel it.

Setting the Fraction Mark

A fraction mark is 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 (s).
As the table below indicates, the fraction mark used also changes the
punctuation used to separate digits and arguments:

Fraction Mark Diagit Separator Argument Separator
. (2.458) . (24,300, 54) NOEPEYY
v (22455) . (24,208, 54) NOEHEYY




To set the fraction mark:
1. PreSS (ﬁ) Mfi]
#CHE  (or (3£)) until the

desired setting is sh0wn (checked—-——fractﬁin mark 1s comma;
unchecked—fractlon mark 1s perlod)

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 1in appendix D.

You can control modes by directly manipulating the system flags. You
can access the flags by using the Fla,g Browser, part of the MODES
application, or by using the FlL &5 command submenu.

Using the Flag Browser

T'he 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”
fags.

To view or change flag settings using the Flag Browser:

l. Press (»)(MODES).

2. Press FLAG to begin the Flag Browser.

CREREE CYSTEM FLAGS §
Lermer-al solut 1on
Constant + sumb
03 Function + symb
1N Payment at end

19 VY2 2 yectaor 4
]« cHED  [EAREL] Ok

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 i1s set. The text
describes how the flag’s setting affects the calculator’s function.
LHE to change the flag setting. Note that the description
changes to reflect the new settmg
5. When you finish, press ik to confirm your changes (if any), o
LHHEL to can cel them.

Using the FLAG Command Submenu

The commands for setting, clearing, and testing flags are 1n the

MODES FLAGS menu ((&§)(MODES) FLHEG ). (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
FLAG or (PRS) TEST ((NXT) (XT)):
| Sets the flag.
| Clears the flag.
FS? | Returns true (1) if the flag is set and
| false (0) if the flag 1s clear.
FC? Returns true (1) if the flag is clear and
false (0) if the flag is set.
= FS?C Tests the flag (returns true (1) if set
| and false (0) if clear), then clears it.
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 (o) (instead of two presses). To do this, set

system flag —60, whlch 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:
 To set the flags, press (R)(MODES) FLAG ~ SF
g 1o clear the ﬂ&gS, press @[MODES]

To recall all flag settings to the stack:

m Press (¢9)(MODES) FLHALG
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.

To reset all flags to their defaults:

m Press (&)(MODES) FLALE

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

I'he MODES command menu contains three submenus whose
commands act as keyboard shortcuts 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 w in it, that mode is
active.
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MODES Operations

Description

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.

Sets the angle mode to Degrees.

Sets the angle mode to Radians.

Sets the angle mode to GGrads.

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

Miscellancous Modes ((49)(MODES) MISE ).

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 (® in label) and not saving the last stack.

Affects the action of [ﬁ]l UNDO |

Switches between saving (# in label) and not saving the last

argurnents. Affects the action of [ﬁ)l ARG ).

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

last command hine. Affects the action of (ﬁ]l CMD |

Switches between displaying (# in label) and not displaying prompt
messages and data automatically.
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Memory

The HP 48 has two types of memory:

Read-only memory (ROM). ROM 1s 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 1t. 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 varlable, 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 i1n the
HP 48 is organized. Note that the figure is not to scale.
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System | Available Memory User Memory

Home Port O

-
m

e o s kA AL S S W PR s mbe B
- e way e s skl P AR S O

_—-H-_--“*

e | - -y Sy ek WA A BEE S BEBE B

|
Partitions move depending on current allocation 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:

m System Memory: This space is reserved by the RPL system.
You have no direct control of this space. It 1s divided into
non-expandable and expandable sections:

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.

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

m Available Memory (C): Expandable section contalning ail
non-allocated RAM remaining after System and User Memory 1s
subtracted from the total configured memory.

s User Memory: The memory available for your use. User memory 1s
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).

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

- HOME (G): Contains all named (stored) objects. You can
organize and control HOME using the Variable Browser (see page
5-9). Most of the remainder of this chapter describes HOME.

- Port 0 (H): Contains backup objects and libraries that you have
stored 1 Port 0.

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 mrmble
1s 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.
I'he master directory (or root directory) for the HP 48 is called the
HOME directory and is, until you change it, the current directory.
T'he path of the current directory (the current path) is shown in the
status area of the display.
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Current
path HOME PROG MATH }

You always have immediate keyboard access to the variables stored
in the current directory. Pressing the (VAR) key brings up a menu
(the VAR menu) of the last six variables you stored into the current
directory. (Pressing (NXT) 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 i1s 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.

= 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
you view and organize the HOME memory section and the directories,
subdirectories, and variables in it.

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

I]E.IECTE IN { HIIII'~1E }

"?étiu)'c*z*axtﬁ'l
ENSTH: 'E=MxCA2 !
PPAR: ¢ (-6.5,-3.1)..

|EOIT JCHOO=[ CHE] NEMW [ COPY TMOVE

The Variable Browser—Main Screen

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

m Creating new variables.

m Selecting variables.

m Editing variables.

m Copying and moving variables.
m Purging variables.

m 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:

m Characters that separate objects: space, period, comma, ¥
® Object delimiters # L 1" ' £ * ¢ 3 &3 1
m Mathematical function symbols: + — % » ™ = » £ 22 45 1

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:

m Names can’t begin with a digit.
® You can’t use the names of commands (for example, SIN, 7, or 7).
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m You can’t use the name PICT, which 1s used by the HP 48 to
contaln the current graphics object.

s 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: 1if you alter
their contents, those commands may not execute properly. These
variables are called reserved variables:

o FQ refers to the equation currently used by the SOLVE and

PLOT applications.

CST contains data for custom menus.

Y DAT contains the current statistical matrix.

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

3 PAR contains a list of parameters used by STAT commands.

PPAR contains a list of parameters used by PLOT commands.

VPAR contalns a list of parameters used by 3D PLOT

commands.

PRTPAR contains a list of parameters used by PRINT

commands.

IOPAR contains a list of parameters used by I0 commands.

sl, s2, ..., are created by ISOL and QUAD to represent

arbitrary signs obtained in symbolic solutions.

- nl, n2, ..., are created by ISOL to represent arbitrary integers
obtained 1in symbolic solutions.

= Names beginning with “der” refer to user-defined derivatives.

0000 0 0

o

L

To create a new variable from the Variable Browser:

- 1. Press (¢»J(MEMORY ).

2. Select : HER from the menu.

: NEId VARIAELE

— DIRECTDRY

ENTER NEW OBJECT
EDIT JiHO0E]  }  [UAMEL] Ok

The NEW VARIABLE screen
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3 Enter the new object in the OBEJECT: field. You can do this several

ways:
m Key the object into the command line and press (ENTER).

s Use the Equation Writer environment (see chapter 7) to enter an
algebraic object. '

m Use the Matrix Writer environment (see chapter 8) to enter an
array object.

m Press CHIS and select an object.

m Press (NXT): ERLE | put the desired object on level 1 of the

stack, and press DK (see chapter 3).

Note that 1f the variable name you use is too long to fit in a menu
label, only the beginning of the name will appear 1n 1ts menu label.

To create a new subdirectory in the current directory:

. Press (¢(»)(MEMORY).

Press HEW .

Press (V) and enter a name into the HAME: field.

e D DY

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 directory:

n Press (»)(MEMORY). |
® Use the (A) and (V) keys to highlight the desired variable.

To select a group of variables in the current directory:

L. Press ()(MEMORY).
2. Use the (&) and (V) keys to highlight one of the variables. Or, press

(@) 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
Varla,ble 1S hlghhghted

3. Press «CHE (or press (*/-) to include the variable in the group
you're selectmg)

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

Once you’ve marked the vartables 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 CHISE to bring up the Directory Browser, which shows the

directories and subdirectories in the HOME memory section.

DEJECTS IM € HOME } 55855500
INE N
ADDZ2: € + + »
ALG: 'AH+B'

B: 5
H: 2
_EDIT [CHOD:]w CHE] MEW | COPY [MOVE

A Typical Directory Browser

3. Use the (A) and (V) keys (or (a) and the first letter of the
subdirectory) to highlight the subdirectory you want, and press

4. Select the desired variable or variables.

To edit a variable:

1. Press (@ )(MEMORY ).

2. Select the vanable you want to edit.
3. Press B

---------------------------------
..............................
.................

5-8 Memory



To recall a variable to the stack:

1. Press (@)(MEMORY)

9. Select the Varlable you want to recall.

3. Press (NXT) ELCL
4. Exit the Bmwser when done (press (CANCEL)).

Copying, Moving, and Purging Variables

The Variable Browser also makes it convenient to arrange your

variables the way you need.

To copy variables:

1. Press (¢ )(MEMORY ).

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

3 . P ress I...l...l f-f-f:f:-'ﬂﬂ:i:3_'3_'3:3_'-'_'-'.'-'.

COPY YRRIAELE(S)

ENTEK VAR MAME OF DIKRECTORY PATH
ECIT JCHODS] | [eRMel]| OK

The Copy Variable Screen

4. Enter one of the following into the COFY T field:

m 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)

® A directory path list (to store a copy of the selected variable

under the same name but in a different directory)

. Presg = R
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To move a variable:

1. Press (¢#)(MEMORY).

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

J. Press MUWE .

MOVE VARIRELECS )X

NaME: PPAR
MOvE TO:

ENTER YAR NAME OR DIRECTORY PATH
EDIT [oHO0=] [ [GAMGL] OF

The Move Variable Screen

4. Enter one of the following into the MOYE TO: 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)
m A directory path list (to move the selected variable to a different

directory)

To purge variables:

1. Press (»)(MEMORY ).

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

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 (®}(MEMORY).

2. Select the variable or variables that you want to “measure.”
=l1£E from the second page of the menu (press (NXT) if
necessary). You will see a message box similar to the one shown

below:

OBJECTS IN { HOME }

ELPPAR:
63 bytes
Mem Available:

EM 125135 butes
lilﬂ_m.ﬂu._n

Using Variables: The VAR Menu

T'he 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:

® Create a new variable. Put the desired object on level 1 of the
stack, type the name of the variable, and press (STO). The new

variable is placed in the current directory and displayed in the VAR
menu.

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

" Recall the contents of a variable to the stack. Press (r»]) followed by
the variable’s VAR menu key.

" Recall the name of a variable to the stack. Press () followed by the
variable’s menu key:.
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m Update the contents of a variable. Put the newly edited contents of
the variable on stack level 1 and press (€q) followed by the variable’s
menu key.

m Purge a variable (name and contents) from memory. Recall the
name of the variable to the stack and then press (¢9)(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).

® 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.

m Switch to the HOME directory. Press (®)(HOME).
m Switch to the parent directory. Press (=) (uP).

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

Step 1: Create the variable, OPTION and display the VAR menu.

6.05 (ENTER) () (o) (@) | TR I S S S - |
OPTION (a) (570) (VAR)

] G. B3
oerinl___ [ [ [ [ -

-S'tep J:  Recall the name of the variable.

URTIO (ENTER £ b. H2
) ENTER) 1: UPTION'

Step 4: Change the value in OPTION to 6.15. Recall the contents
again to confirm the change.
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Gtep . Clear the stack and purge OPTION from memory.

(CLEAR) - ] s

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 = expression', executing
DEFINE stores that expression 1n that name.

To create a variable from a symbolic definition:

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

2. Press (&9)(DEF) (the DEFINE command).
Example: Use DEFINE to store M*C? in the variable E.

Step 1: Press () () (@) E () ) M (x) C (@) () 2 (ENTER).
Step 2: Press (¢9)(DEF).

Note that 1f flag —3 1s clear (its default state), DEFINE stores the
expression without evaluation. If you've set flag —3, the expression to
be stored 1s evaluated to a number, if possible, before it’s stored. For

example, the keystrokes 'A=18+13"' («q)(DEF) create variable A and
store '1G0+18"' 11t if flag —3 1s clear, and z& if flag —3 is set.

Evaluating Variables

To use a variable’s contents 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:

8 Name. The name is evaluated (calling #ts object).

® Program. The program runs.
8 Directory. The directory becomes the current directory.

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

Example: Suppose that there are four variables in the current
directory—A containing 2, B containing 5, ALG
containing the expression 'H+E', and ADD2 containing
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the short program « + + ». Evaluate them from the VAR
mentl.

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

VAR il
1: .
aop2jals | B | v | | AR

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

Step 3: Evaluate ADD2. Notice that the program is executed, not
merely put onto the stack.

Quoted Variable Names and Formal Variables

The ' delimiter 1s very important when you enter a variable name: it
determines whether the name is automatically evaluated when you
press (ENTER). If the ' delimiter 1s present, the name is not evaluated.

To enter a variable name onto the stack:

m 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 ol 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 quotes. Evaluating a formal variable simply
returns the formal variable name again.
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Although they appear 1dentical 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):

s Evaluating a formal variable doesn’t appear to do anything, because
the formal variable 1s returned again to the stack. Evaluating the
quoted name of a variable containing an object evaluates that

object.

a Formal variables never appear 1n the VAR menu. All variables that
appear 1n the VAR menu have an associated object. However, you
can store a formal variable name in a VAR variable with a different
name.

Example: Enter the name AL[Z2 onto the stack using single-quotes.

ADD?2 ER 1: 'RODE

Example: Enter the formal variable name, , onto the stack by
using the unquoted name. If an actual variable, i exists
somewhere 1n the current path, you will see its contents
instead of the variable name.

C R E I
(@) € (ENTER) A0DBJALG | B | W | ]

Example: Store the formal variable 'C' in the variable C? Then
evaluate CZ using the VAR menu.

Step 1: Store '['in C2.

@JJ[CLEAR] (*) (MEMORY) 1:
B @ C (ENTER) (@) C2 R T

ENTER) ok (XD 0K

Step 2:  Evaluate CZ using the VAR menu. Confirm that ' is a
formal variable by pressing (EVAL).

VAR) & 1: 'L
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Special Memory Operations

Occasionally the HP 48 may seem to freeze while executing something,

and won’t respond to the (CANCEL) key. This can happen if the
memory becomes corrupted, or if the system becomes “confused”

during execution.

It this happens, you have two ways to try to correct it: a system halt
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:

m 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
mMemeory.

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

m Detaches all libraries from the HOME directory, and reconfigures all

ibraries 1n all available ports (see “Using Libraries” in chapter 28
for details).

w 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 keyboard:

1. Press and hold (ON).
2. Press the menu key.

3. Release both keys.

A system halt 1s 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
O11.
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gometimes the HP 48 may freeze up and won’t respond to (ON}HC)
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 1t.

( 3 Reset hole

' ( (1) 32K/128K ONLY 4\ D
® Re

9. Insert the end of an ordinary metal paper clip into the hole as far
as it 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:

l. Press and hold down these three keys simultaneously: (ON), the
menu key, and the (F) 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).
a If you want to cancel the memory reset, press the menu Kkey,

then release .
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Once you’ve initiated the memory reset, the calculator beeps and
displays the following screen:

Try To Recover

Memory?

Memory Reset Prompt

“ES  1f 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  Hil

factory-default state and clears a,ll 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
serles of low memory warnings. These messages are described below in
order of increasing severity.

m Mo Room for Last St ack —If there’s not enough memory to save
a copy of the current stack, this message appears when ENTER,
18 executed. The UNDO operation is disabled when this message
appears.

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

w Insufficient Memorg—This appears if there isn’t enough
memory to completely execute an operation. If the LASTARG
command 1s 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 Hio Room To Show Stack—This message appears when the HP 43
completes all pending operations but doesn’t have enough free
memory to display the stack. When this occurs, the stack displays
objects only by type: Feal Humber, Alasbialc, and so on. The
amount of memory required to display 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.

g COut of Memorg—In extreme cases, the calculator runs completely
out of memory and is unable to do anything. In this sitiation 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 Hrray

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 1s empty or

you respond to the display by pressing H . 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 1tems:

 —

. 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

OO GO~ O O W Q0 B

-
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To respond to the “QOut Of Memory” prompts:

m lo stop the procedure and see if the condltlon 1s hixed, press

(CANCEL ).

Note The purge sequence may begin with the command

v

line and then cycle through the stack, the contents

of LAST CMD, etc. If you answer Hii | to the

purge prompt for the command line, you’ll return to
the command line when you terminate the Oyt ¥
Memory procedure.

The prompts for global variables start with the newest object 1n the
HOME directory and proceed to successively older obJects If the
variable to be purged is an empty directory, ¥YE&

directory is not empty, “ES  cycles the Varlable-purge sequence

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

Whenever you like, you can try to terminate the 0t of Mermory
~procedure by pressing (CANCEL). If sufficient memory 18 avatlable, the
calculator returns to the normal display: otherwise, the calcula,tor
beeps and continues with the purge sequence. After cycling once
through the choices, the HP 48 attempts to return to normal
operation. If there stlll 18 not enough free memory, the procedure
starts over.
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6

Input Forms and Choose Lists

Although the HP 48 screen 1s small compared to a standard computer
screen, 1t 1s 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 1nput form from the PLOT application to illustrate the main
components.

TYPE: Funct ion &: Dec
EQ: RS MRS AR S AT
IMDEP: 3 H-VIEW: -6, 5 6.5

__AUTOSCALE ¥-VIEW:-32,1 3.7

ENTER FUNCTION(S) TO PLOT
EDIT [iHOD:[ [ OPTE [ERRZE[DRAL

A Sample Input Form: PLOT

Fach input form has a title, a set of fields (some with labels) a prompt
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:

Data fields. These accept data of a particular kind directly from the
keyboard. The fields labeled IMIEF:, H~YIEW:, and “¥-%IEM in
the PLOT form are examples of data fields.

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 EQ: field in
the PLOT form i1s an example of an extended data field.

List fields. These fields have a limited, pre-determined set of possible
values, of which you must choose one. The T¥FE: and «: 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 AUTOSCALE field
in the PLOT form is an example of a check field.

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

hield on the top line of the form, (A) “wraps around” and
selects the corresponding field on the bottom line of the
form. a

(V) Selects the corresponding field on the next line. From a field

on the bottom line of the form, (W) “wraps around” and
selects the corresponding field on the top line of the form.

(E»)(€) Selects the first field on the form.

(2)(A) Selects the first field on the form.

()(®) Selects the last field on the form.
(®)(Y) Selects the last field on the form.
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When you press ([ENTER | or = ik = 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 ddta field:

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

2. Type 1n 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 l or 5;5;5;5;5;5;5;5;5;5;5;51’;;;;.-;'E;E fff-?ifif}ff}f}f}ff_f}é_}_;:f_}_

To enter a previously stored object into an extended data field:
1. Select the extended data field.

2. Press CHUS, 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 (A) and (¥) arrows to highlight the object you want.

Some extended data fields also allow you to enter multiple objects,
grouped 1nto a list.

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

1. Select the extended data field that accepts list objects.
SHO5 . A mimature version of the Variable Browser

appears contalnmg all variables in the current dlreetory that can

be used by the selected field.
3. Use the (&) and (V) arrows to select an object that belongs in the
list .

«LHE to display a check-mark next to the object.
‘ Repeat steps 3 and 4 for the other objects in the list.
- Once all objects in the list have checks, press (ENTER) or = 0Ok .

Yy O
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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:

m Use a pOp up Zz'st

SR

Furnct 1om

g. |Folar
mpelParametric

smnDIFF Eqg
Cnn1c

A Sample Pop-Up List: PLOT Types

b. Use the (A) and @ arrow keys to select an option.

- Press (*/-) repeatedly to cyc]e through the options. Stop when
the option you want appears.

m Press (o) 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 followmg
m Press L HE once or twice to check or uncheck the field.
m 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 ERIT (or (&)(EDIT)). This copies the object into the

command line.
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2 Edit the object using the standard command line editing

procedures.

4. Press (ENTER)or [0k .

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

1.

Select the data (or extended data) field.

Press NXT) FLE . A version of the stack appears (notice that

both the form title and the field prompt are still visible), and any
object that was 1n the selected field 1s now on level 1. If desired,
press = STEZ " to show or hide the status hne.

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 fimish.

If @k isn’t visible on the menu (because you have used other

menus), press (49)(CONT) to make 1t visible again.

Press  FiE  to enter the calculated result into the selected data
field, or £ HHIL to return without entering the result.

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

. Select a data (01‘ extended da,ta,) field.

. Press (NXT) . L

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

. Open the second input form.
. Complete yenr task(s) in the second input form and exit 1t by

pressing = HE

partlcnla,r ferm

. or by executing a task that exits that

eemmand rnenns), press (49)(CONT) to make it visible again.

. Make sure the object on level 1 of the stack 1s 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.)

level 1 obJect into the selected data field in the input form, or
“RHMIL 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 followmg

® Press (NXT) E
m Press (DEL).
3. delect Dizlete valus (or Rezet 1:_1:=-) from the pop-up list.

4. Press (ENTER) or [k .

To reset the values of all fields to their defa1ults:

1. Select a field.
2. Do one of the following:

m Press (NXT) REZET.
m Press (DEL).

3. Select Re==t all 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 * P I'ess (E,, N T, E R ] Or ::-:-:-:-:-:-_'-'.-:-:-:-?—_-_-_-?-:-:-_[::-:-T-:-:-:-:-:-:-:-:-:-:-:-:-

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

1. Select the data (or extended data) field.
=. A pop-up window display the types of objects

2. Press (NXT) T¥FES.

you can use 1n that field.

F-
INDE y 3 Pl"l:lgl"al'l'l 2
SOLN Mame

Eeal number

A Sample TYPES Pop-Up List

3. Do one of the following:
m To begin entering a. particular data type, select the type in the

In the command lme
m If you don’t want to enter data, press ik .
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when You Finish Entering Data into an Input Form

[nput forms are designed to help you enter data and prepare to
execute a larger task. The data you enter and options you select may
cither 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 F@Q) 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 1llustrate your options:

To execute the main action of an input form:

1. Make sure the necessary data i1s 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

input form.

To exit the input form after saving any global changes:

m Press from the menu. Sometimes i1t 1s shown only on the
second page (press (NXT), if necessary.)

To exit the input form and discard any giobal changes:

second page (press (NXT), if necessary.)

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

m Open the new input form. Global changes are saved and all
non-global data is discarded before the current input form 1s 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 input form:

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

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

. Enter a list of format options.

o

pressed).
5. 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.

(>)(Y) (@) (@) FIRST (sPC) FIRST ONE
ONE [ENTER l (::'J (ﬁ][ T u) MAME:

(@) (@) N (\)(@) ame(e») ()

(ENTER) (&)(HD) 1 (SPC) 5
(ENTER) (&) ({}) (ENTER) ()(1)
(@ @ @) WENDY
(ENTER)
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The EquationWriter

The HP 48 features the EquationWriter application, which makes it
casy 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:

12
‘U:’Ug—l-/ a di
]

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

RESRIE L o N A R A - SO

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

u=uE+j

WECTR[MATE] LIZT | HYP [ REAL [ERZE
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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:

m Entry mode—for entering and editing equations
m Scrolling mode—for viewing large equations
m Selection mode—for editing expressions within equations

MECTR[MATR] LIZT | HYP | KEAL | EHIE
Entry Mode Scrolling Mode

i

RULEZ] EMT | EXPR ] GUE | REPL | EXIT
Selection Mode
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Eonstructing Equations

To start the EquationWriter application:
s 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).
m 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:

m 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
alds for variable names.

To include addition, subtraction, and multiplication:

" Toenter +, - and -, press (¥), (=), and (%).
" fo 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:

5 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

Q).

2 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 (4).

Note All multiplication (even implied multiplication)

v

should display a multiplication operator (* or <). In
particular, an expression such as =i Y+Z 2 contalns
no multiphcation. The form, = 7, 18 a user-defined
function (see page 11-6), whose parentheses

contain 1ts argument. By contrast, expressions

such as ®®{¥+Zr or #=i%+Z» do include valid
multiplications.

To include division and fractions:

1. Press (A) to start the numerator.
2. Press (») to end the numerator and start the denominator ((V)

works t0o0).
3. Press () to end the denominator.

Here’s another way to type 1n fractions whose numerator consists of
either one term or a sequence of terms with operators of precedence
greater than or equal to that of division:

1. Type the numerator (without pressing (A)).
2. Press (3) to start the denominator.
3. Press () to end the denominator ((¥) works too).

To include exponents:

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

To Iinclude roots:

m To include a square root, press to draw the I symbol and start
the term, then press (») to end the term.

m To include an zth root, press (¢#)(¥y) to start the z term (outside
the I symbol), press () to draw the I symbol and start the y term
nside the J 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 (&9)(())
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9. Press () to end the argument and display the right parenthesis.

To inciude parenthesized terms:

1. Press (#q)(()) to display the left parenthesis.
9. Press () to end the term and display right parenthesis.

',*'

To include powers of 10:

1. Press (EEX] to display E.

2. If the power is negative, press to display —.
3. Key 1n the digits of the power.

4. Press any function key to end the power.

To include derivatives:

- 8
1. Press' @@-t(_) display 5 .
2. Key in the variable of differentiation, then press (») to end the
differentiation term and display the left parenthesis.
3. Key in the expression.

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

To include integrals:

1. Press (¢»)(f) to display the integral symbol I with the cursor
positioned at the lower mit.

. Key 1n the lower imit and press (»).

. Key in the upper limit and press (»).

Key in the integrand and press (») to display d.

. Key 1n the variable of integration.

. Press (»} to complete the integral.

SNNICIE N

Oy Wt

To include summations:

L. Press ((»)(X) to display the summation symbol = with the cursor
positioned below.

. Key in the summation index.

. Press (») (or (&9)(=)) to key in the equa,l sign.

- Key in the initial value of the index and press ().

- Key in the final value of the index and press (»).

. Key 1n the summand.
. Press (») to end the summation.

e GO B

-] o Ot
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To include units:

1. Key in the number part.

2. Press ((#)(_) 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 1n one keystroke by pressing the corresponding menu key

in the UNITS Catalog menu.

To include | (where) functions:

1. Key 1n a parenthetic expression with symbolic arguments.

2. Press ()(SYMBOLIC)(NXT) | to display |. 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 (SPC) to key in the separator between each
equation.

4. Press (») 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 (y*) are normally enclosed in “invisible” parentheses, so that only

(») (or (¥)) ends the argument.

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

To turn implicit parentheses on or off:

a Press (¢)({}). 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, impheit
parentheses are not applied to those arguments.

Example: Key in the expression X° + 2X* )1(, first with implicit
parentheses and then without.

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

default).

@[EQUATION](_]X ") 3 @
D2XD20)
D1 B X

1
H +EH o]

VELTH[MATR] LIST | HYP | KEAL |

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

:,][CLEAR]
©)E)

Implicit (> off

(]

WECTR[MATE] LIZT | HVP [REAL

Step 3:  Key in the expression again.

@X3M2@X0D20]
IO @X

VECTE[MATR] LIZT [ HYP | KEHL

Press («g)({}) 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 (€q)(CLEAR) to clear
the display for the next example. If you do the latter, ignore the

(9)(EQUATION ) mstruction 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.

Example: Key in this equation:

Step 1: Key in the equation.

(©9) (EQUATION)

@X 0203000 s g &
@YP)2@3B®®E (¢ + =R " 0
@DAPD@2E @Y ®)3

Q0 WECTRIMATR] LIZT | KYP | REAL ] ERZE.

Example: Key in this expression:

27N o
X —2XYCOSQN+ ; +Y
(92J(EQUATION) .
@)X ()20)(0) T
) DX ) @)Y (o8 <-2xvcos| S|y
2@)@) ) (N )

Example: Key in this expression:

sy d
\/?EQCOSQ(’EX)
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(9)(EQUATION)

@3 E@Y )
PO DX 372 2.cosr) %)

2 (@09 @@ ® @X

2EE NELTEMATEY LIST ] R1P | RERL | ERSE

Example: Key in this expression:
1 XP—I
/0 Y2M+1 _ pA2M+1 az

P P

(9)(EQUATION)

Do) L)

)X )P
)X )2M (D)1 ()
DA 2IM (L) 1 (&)
>)®) @)X &)

Example: Key in this expression:

Bmmdﬁ !

WECTR[MATE] LIZT | HYP | KEAL [ ERZE

1.65 x 10712

(9)(EQUATION)
LOENCO @O
(P JUNITS) HMHAS= L..ia ............ ®
(®)(UNITS) HE ER oMEE

Editing Eq'uations H

T'he 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. It the equation ends in an incomplete subexpression, complete it.

. Press (<) (EDIT).

2
3. Edit the equation in the command line.
4

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

them) and return to the EquationWriter application.

To view a large equation or unit object:

1. Press (.q)(PICTURE) to activate scrolling mode.
2. Press (4) (») (A) (¥) to move the viewing “window.”

3. Press (¢&q)(PICTURE) to return to the previous mode.

Editing with Subexpressions

The Selection environment is a special part of the EquationWriter
apphcation 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 top-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, 1n the expression 'F+E#C.-[1' the top level function for
the subexpression 'E#C' Is #, the top-level function for 'E*C-D ' is
*, and the top level function for '*A+E*C~' is +. You can specify an
individual object (a name, for example) as the subexpression.

You can also use the Selection environment to specily a subexpressmn
to rearrange using the Rules transformatlons——see “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 (4] to activate the Selection environment.

3. Press (A) (V) (€) (®) to move the selection cursor to the top level

function for the subexpression you want to edit.
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at any time to highlight the current
subexpressmn (Press 11; agaln to turn off the hlghhght )

e L

line.

6. Edit the subexpression in the command line.

7. Press (ENTER] to enter the revised subexpression into the equation
(or press |CANCEL ) to discard it).

8. Press EX1T to leave the Selection environment. (If EXIT" isn’t
dlsplayed, press () to return to the Selection menu.)

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:

10 332_
/ 2% — y dz Y
0 2

Step 1: Enter the expression '="2-%"' into level 1 and duplicate it.

(D @X )2 @ @Y (ENTER) |2= vy
(ENTER) 1: HAG_ 0

MECTR[MATR] LIST [ HYP [REAL [ BHIE

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

(&)(EQUATION)
2)D00)100)

MECTR{MATR] LIST [ HVP [REAL [ EAZE
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Step 3: Insert the integrand into the expression.

@&

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

> @X ()
O @ @ED ) 2 &)

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 (A) (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. )

| 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
(A) 1Starts a numerator.

() or (¥) |Ends asubexpression. ((#)(®) or ((#)(¥) ends all

pending subexpressions.

(<) Invokes selection mode, in which the Selection
environment 1s active.

(1)) Starts a parenthesized term. (») or (¥) ends the term.

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

(EVAL) Exits the EquationWriter application and evaluates
the equation.

(ENTER) Returns the equation to the stack and exits the
Equation Writer application.

(CANCEL } Exits the EquationWriter application without saving
the equation.

(¢)(PICTURE) | Toggles scrolling mode. In scrolling mode, the menu
keys are erased; if the equation 1s larger than the
display, (A) (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 (CANCEL) or

() (PICTURE }—you 1nvoke the selection mode.)

(q)(EDIT) |In entry mode, returns the equation to the command
line for editing.

STO) | 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 Description

(\J(CLEAR] | Erases the display without leaving the
EquationWriter application.

(J(RCL) |[Inserts the level 1 object into the equation at the
cursor position. (See “Editing Equations” on page

7-9.)
()T Turns implicit parentheses mode off. Press (1))

agaln to turn implicit parentheses mode back on.
(See “Controlling Implicit Parentheses” on page 7-6. )

=) ") Returns the equation to the stack as a string.
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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

The stack displays arrays as numbers within nested [ 1 delimiters. A
palr of L 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 mught appear on the stack:
LD 1 2 ]

[ 24 5 ]
= ]

Vectors (also called column vectors or one-column matrices) appear on
the stack as numbers within a single level of [ 1 delimiters:

]

£

Row vectors (one-row matrices) appear on the stack as numbers
within twoe pairs of [ 1 delimiters:

L L1 =25y 911

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 i1t 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

Matrix size

Rows

Cell Cell Cursor

coordinate -1

EDIT | VEC m] <10 JkdID+

- To enter a matrix using the MatrixWriter application:

1. Press (¢»)(MATRIX).

2. Key 1n the numbers in the first row, and press (ENTER) after each.

3. Press (¥) to mark the end of the first row.

4. Key mn the numbers in the rest of the matrix, and press (ENTER)
after each. Notice that when you enter the last number in the row,
the cursor automatically moves to the beginning of the next row.

d. After you've entered all the numbers in the matrix, press (ENTER)
to put the matrix on the stack.

Example: Enter this matrix:

2 =2 0
1 0 3
—J o 1
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step 1 Select the MatrixWriter application, and key in the first
element (cell 1-1):

(@) (MATRIX) 2

%
EQOIT | VEC wf 100 [ ID%

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

‘ENTER]) 2 (*/-) (ENTER] 0 1-3 m-
‘ENTER})

EDIT [WEC ] kI [ 110

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

Step 3:
)

] (ENTER)} O (ENTER]) 3 {ENTER
3 (*/-) (ENTER) o (ENTER) 1
ENTER

(ENTER) 1: [[ 2 -2 @ ]
[ 18 3]

[ -3 31 1]
MECTR[MATE] LIET | HYP [ REAL [EAZE

While you’re entering a number, the cell coordinate 1s replaced by the
command line. When you press (ENTER} 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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It the displayed number is wider than the cell width, an ellipsis |
indicates “more to the right” (as in 1.2..). The default cell width is

four characters.

Note the two uses of (ENTER): While you’re using the command line
for data entry, (ENTER) enters data into a cell. When a cell coordinate
1s displayed, (ENTER) 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 1n the numbers in the vector, and press (ENTER ) after each.

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

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

(V).

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

1. Enter the series of numbers into the command line, pressing (SPC)
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 (SPC) to separate arguments).

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

Example: Enter 2.2% in a cell.

2.2 (SPC) 4 (") (ENTER)

1-1 w_l

_2=

£ HID [ M0+
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Eaﬁing Arrays

MatrixWriter provides functions that make 1t simple to edit the arrays
you've entered.

To edit an a_.rray you’re viewing with the MatrixWriter application:
1. Press («4) (») (4) (¥) to move the cell cursor. (Use with (¢») to move

the cursor to the far end.)
9 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 EDIT .

3. Optional: Press («q)(EDIT) to use the regular EDIT menu (see page
2-12). Press (¢»)(MATRIX] to restore the MatrixWriter menu.
4. Make the desired changes and press (ENTER) to save them (or

(CANCEL ) to discard them).

To make the displayed cells narrower or wider:

=L TT ' to make the cells narrower and display one additional

B Press.
column.

To control how the cursor advances after an entry:

m lo make the cursor move to the next column after entry, press

.llilll-lq ............... .

30%  so that the = is visible.
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To insert a column:

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

2. Press +itii . A column of zeros 1s 1nserted.

Example: 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 o 1 3 o 3 1

wll

Step 1: 1f the matrix 1s on the stack, bring it into level 1—otherwise,
enter the matrix into level 1. Then view the matrix in the

(¥) (or enter the matrix)

EOIT | VEC [£H4ID [HID

Step 2: Edit element 2-3:

DE) )

ERIT (»).1(ENTER)

ELNT [ WEC [HID | 1ID+

Step 3: Insert a new column 1 front of column 3, and move the cell
cursor to the top of the new column.

RO -RO [ +C0L [ =200 | #5TE |+35TE
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Gtep 4:  Set top-to-bottom entry mode. Fill in the new column.

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

To delete a column:

1. Move the cursor to the column you want to delete.

2 Press =i il

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

1. Move the cursor to the right of the last column.
9 FEnter 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 1nserted.

2 PI‘GSS F|m||--i A FOW Of ZCToOs iS inserted.

To delete a row:

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

2. Press =EIN .

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

() (MATRIX)

. I
e

Places contents of the current cell in the data entry

line for editing. (Press («g)(EDIT) to get the EDIT

menu. ) Press [ENTER] to save the changes or |CANCEL|
to discard them.

For one-row arrays, toggles between vector entry and

matrix entry. If this key is “on” ( WEC = ), one-row

arrays are entered into the command line as vectors
(example: [ 1 2 2 1);ifit’s “off” ( WEC ), one-row:
arrays are entered as matrices (exa,mple.

(L1 2 2 11).

Narrows all cells so that one more column appears.
Widens all cells so that one fewer column appears. J

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 3
to the next row after data entry. 4

Inserts a row of zeros at the current cursor position.

ﬁl

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.

Restores the MatrixWriter menu if another menu 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.

Iike all objects on the HP 48, graphic objects can be put on the stack
and stored in variables. On the stack, a grob 1s displayed as

Graphic n e om

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:

m 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
numertcally analyze function plots.

m 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).

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 plcture, and to
“superimpose one picture onto another.

To begin the Picture Editor:

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

To return to the stack from the Picture Editor:

m Press (CANCEL).
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Turning Pixels On and Off

Two operations, [1dT+ and [{T- | allow you to selectively turn

pmels on and off. If one of these keys is active, it displays a “bullet”
(2) in its label.

- pixels under the cursor are

g If there is a = In the
turned on.

g If there is a ® in the [#iT= label, pixels under the cursor are
turned off.

Adding Elements Using the Graphics Environment

The Picture Editor allows you to add three geometric elements—Iline
segments, boxes, and circles—to your grob:

Fach of these elements requires {fwo cursor positions. This means that
you 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 MHEE from the second page of the Picture Editor menu
or @ Press '5'5'5'?"1""1""HFP ~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 HAEE or
3.

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.
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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 circle.

To toggie a line segment on the current grob:

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

E. All pixels

3. Move the cursor to the other endpomt and press TL IHi

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:

s While viewing the picture press (NXT) E
shortcut).

“HZE (or (&3)(CLEAR) as a

To erase a rectangular area of the picture:

1. Move the cursor to one corner of the rectangular area to be erased,

an d preSS ® (Or ...... ) t O m ark ].tl

copy, and press (X) (or SUE ) to mark it.

2. Move the cursor to the oppOSIte corner of the region.
3 Pl‘ Shele 'NXT ’ ' N XT l : ______ 3 _iE The arlr ca IS C'Opled tO le‘v’el 1 a,Ild the

picture remains in the dlspla,y

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

1. Put the second grob on stack level 1.
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IT ) and move the
cursor to the upper left corner of the rectangular region where you
want to superimpose the grob.

3.

| ‘}V h 1 le A ie W 1 Ilg t h C p iC t ure . p ress ' S T O ' ( or F _f:::::_._ff‘::::f:::::_?_:::::::::'_f:'_:_) A C Opy Of

PICT 1s 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 PICT. Then use
to draw a horizontal line from the center halfway to the left

edge.
(:.J[PlCTURE)

@ (hold down)

LIME |TLIME| ED: fCIRCL

Step 2:  Turn off line-drawing, then use L I HE
from the current cursor p081t1011 haltway to the top edge.

(%) (to mark)
(A) (hold down)

LINE |TLINE]| EOY JCIRCL

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

@ (hold down)

LIME [TLIME[ EO: | CIRCL
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Step 4: Draw a circle using the existing mark and the current cursor
position.

LINE |TLINE]| EDH [CIRCL

Step 5: Delete the lower semicircle.

(move to left of circle)
% (move halfway up the circle) ;{ﬁ
(%) (to mark)

(V) (move below the circle)
(») (move right of the circle)

(DEL )

i

LIME |TLIME| EDH JCIRCL |

Saving and Viewing Graphic Objects

The PICTURE environment displays and uses one grob at a time.
The current grob 1s 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. While viewing the grob in the PICTURE environment, press (ST0).
T'his copies the grob to stack level 1.
2. Press (CANCEL) one or more times to exit the PICTURE
environment and return to the stack.
. Using ' delimiters, type in a name.

4. Press (STO). The grob is stored in the current directory.

o
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To view a grob that is not currently displayed:

Save the currently displayed grob (see above) if you want to keep it.
Recall the desired grob (do not use ' delimiters) to level 1.
Type FICT,into the command line (do not use ' delimiters).

. Press (STO).
. Press (&q)(PICTURE ).

) |

éraphic 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) (65,-3.1)  {#0, #63) (#130, #63}

User-Unit Coordinates vs. Pixel Coordinates

Pixel coordinates (the default) in a standard size PICT grob are
numbered from £ #& #8 F 1n the upper-left corner to « #1328 #53 &
In the lower-right corner. Notlce that pixel coordinates are given as a
list containing two binary integers—the first designating the column
and the second designating the row. Pixel coordinates are the most
convenlent to use when manipulating pictures.

User-unit coordinates depend on the current settings in PPAR (see
chapter 22) but their default Values range from ¢-£.%5, 2.2 1n the
upper-left corner to ¢&. 5. —=. 1 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

and

-T , that contain programmable commands useful for

manipulating pictures and picture elements.

Graphics Object Commands

Programmable

C(}mmand

Description

PICT

PDIM

LINE

TLINE

BOX

ARC

PIXON

PIXOFF

Puts the name FICT on the stack so
you can access the PICT graphics

object as 1f it were stored in a variable.

Redimensions PICT to the dimensions
given 1n 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 1n 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 |

01 (in level 2) to 65 (in level 1). (The
coordmnate 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)

Programmable
Command

Description

.« PIX?

PVIEW

PX—C

C—PX

Returns 1 if the pixel specified by the
coordinate in level 1 1s 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

L #ny #ny ¥ to a user-umt coordinate
LTl D,

Converts a user-unit coordinate £ .y
to a pixel coordinate £ #ny #ny .

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 1s 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 1s
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 1s
positioned at coordinates specified m

level 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)

Key Programmable Description
Command
5B SUB (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.

REPL (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.
=2LED —LCD (Stack to LCD.) Displays the graphics |

object from level 1 in the stack display, }
with 1ts upper left pixel in the upper left |
corner of the display. It overwrites all of
the display except the menu labels.

LCD— (LCD to stack.) Returns to level 1 a
graphics object representing the current
stack display. |
milak SIZE For the graphics object in level 1,
returns the width (level 2) and height
(level 1) in pixels.
AHIM ANIMATE | 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 ({ #ny #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 (() = 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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10

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:

s Convert units. For example, you can convert the unit object iG_#+
to ickH_1mor Z. 845 _m.

s Factor units. For example, you can factor Z&i_id with respect to 1_H.
and return Z8_H¥m- =,

m Calculate with units. For example, you can add 18_+1 .= to
18 _mph and return 24,67 _ft-=.

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)(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
(5I). The International System specifies seven base units: m (meter),

“ % (kilogram), = (second), A (ampere), K (kelvins), =d (candela), and
"1 (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, in (inch) is defined as .0254 ~, and Fdu (Faraday) is
defined as 96487 A*=. (See appendix E for a complete listing of the
built-in units and their SI values.)

A unit object has two parts: a number (a real number) and a unit
ezpression (a single unit or multiplicative combination of units). The
two parts are linked by the underscore character _. For example,

_ir (2 Inches) and &. 202 _gal-h (8.303 US gallons per hour) are
u_mt objects. 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)
2. "
3. ¥ and

For example, ¥ _m+="Z 1s 7 meters per second squared, and
7 imesatEis T 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, dlsplays a submenu
of related units. For example, ﬁ:]l UNITS) (NXT) FEEEE 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:

a 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, echomg the corresponding name into the command
line.)
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s A left-shifted menu key converts the unit object 1n the command
line or level 1 to the corresponding unit.

s A right—-shifted menu key divides by the corresponding unit. This
helps you create unit expressions with units in the denominator.

J

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 (#)(UNITS) and select the appropriate subject menu.
3. Press the menu key for the unit you want. (If you want the nverse

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:

l. Key in the number.
2. Key in the _ character (press (@»)(_)). This activates
Algebraic-entry mode.
3. Key in the unit expression as you would an algebraic expression:
m To key in a unit name, either press the corresponding menu key
or spell the unit name.

a To create compound units, press (x), (), "), and (q)(()) as

required.

Note that unit names are case-sensitive. For example, Hz (hertz)
must be typed with uppercase H and lowercase =. (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 us
of uppercase or lowercase.

Example:  Create the unit object &_Etuscft Z%H£"F " in the
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.

8 (™)) | _
@B @TOUH @) |EEBEnE
QF @QT@ 0?2

M@ @EX@E)6@F

(ENTER)

To create a unit object using the EquationWriter application:

1. Press (¢3)(EQUATION).

2. Enter the number, press ()(), and enter the unit expression using
standard EquationWriter notation.

3. Press (ENTER ).

T'he 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 u,

press (o) (;#) N.)
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Unit Prefixes

i Prehix Name | Exponent Prefix Name | Exponent
. yotta +24 = deci —1
5 zetta +21 - cent. —2
= exa +18 I mall —3
= peta +15 L micro —6
T tera +12 I nano —9
P giga, +9 o pico —12
i mega +6 ¥ femto —15
i oor kilo +3 = atto —13
Foor H hecto +2 Z zepto —21
I deka +1 4 yocto —24

Most prefixes used by the HP 48 correspond with standard SI
notation, with one exception: “deka” 1s “D” 1n HP 48 notation and
“da” 1n SI notation.

Note
i

You cannot use a prefix with a built-in unit if the
resulting unit matches another built-in umt. For
example, you cannot use min to indicate milli-inches,
because mirm 18 a built-in umt indicating “minutes.”
Other combinations that match built-in units are Fa,
da, od, iy Flam, nmi, meh, keph, ot 21, £1, 30,

]
Cid, dd, U,

Converting Units

T'he HP 48 provides several ways to convert unit objects to different

units:

® [he UNITS Catalog menu—converts to built-in units only.
m T'he CONVERT command—converts to any units.
m 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.

Unit Objects 10-5



Using the UNITS Catalog Menu

The UNITS Cata,log 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 (#)(UNITS) and select the subject menu that contains the
desired unit.

3. Press (¢q) 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.

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 SI Base Units)

The UBASE command converts a compound unit into its equivalent
SI base units.

To convert units to Sl base units:

1. Enter the unit object w1th the original units.

10-6 Unit Objects



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 SFCMIn 1/21500 unit circle |[2.90888208666 x 10~ r
Arcsec oS 1/1296000 unit circle [ 4.8481368111 x 10°° r
Degree a _ 1/360 unit circle 1.74532925199 x 102 r
Grad | arad 1 /400 unit circle 1.57079632679 x 107° r
Radian I 1 /ox unit circle lr
Steradian | =r ! /47 unit sphere 1 sr

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 in level 1.

Temperature units require special note: see “Working with
lemperature Units” on page 10-10.

The trigonometric operations SIN, COS, and TAN, operate only on

unit objects with planar angular units: radlans (r-) degrees (®), grads
(zr-ad), arc-minutes (atrcmi r), or arc-seconds (arcsz). The result is a
dimensionless real number. |

Example:  Subtraction. Subtrac 22 _infrom 4 1.

1: 9_i
&zjﬂﬂﬂgg] |ﬁﬂﬂlﬂﬂﬂﬁﬂllﬂ:ﬂlﬂ!ﬂﬂﬁg

Example:  Unit Multiplication and Division. Multiply 28 _++ by
43_ft, then divide by 2.z _d (days).

Step 1: First, multiply the two unit objects.

L EHG ]: cend_ft o7
e Ct1 | CH L RK | Ve ] FT ] IN

Step 2: Enter the third unit object and divide.

TIME 1 rd3. 125_f1"2-d
g%?ﬂﬂ%;g) ____________________________________ e = b g

‘Example: Powers. Raise =_f1t .= 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.

] 61_f1"6-5"6
M2 [EMSETFTO2 | KPH | FPH [KKNOT
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step 2: Now find the square root of the result.

] 8_f1"3/5"3
P05 [EMoE] FTO5 ] KPR | HPH [EROT

Step 3: Find the cube root of the result.

3 ()3

Example: Percentage. 4.:Z_cm™Z 1s what percent of 1 _in™37

(®JUNITS) #0i 1 IH = 1: 25. 6299725198

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:

|. Enter the imit; object with the original units. |
2. Enter any number (such as 1) and attach the units you want to
tactor out.

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
permits symbolic numbers instead of real numbers, converting
i _¥t1 ' for example, to ¥¥1_ft when entered on the stack.

+ and - are allowed 1n the number. However, the _ character takes
Precedence over + and —. Thus '{4+53 1+ ' EVWAL returns 9_+1%, but
445 #1' EVAL returns + Error: Inconsistent Units,
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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 umts reflect temperature differences:

m 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.

a Combined temperature units (differences). If either unit expression
includes a prefix, an exponent, or any unit other than a temperature
umt, CONVERT performs a relative temperature unit conversion,
which 1gnores the additive constants.

Example: Convert 25 _ " to ®F.

20 i
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Example: Convert 25_°Crmin to *Fomin.

Step 1: First, create the unit object 25 _*Crmin.

( ][N X ] TEME ]: 25 "Cr
G:J o) (T R m“nmﬂng

Step 2.  Enter a umt object containing the new units.

2 2a_"Lrmin
]: * 1_"Frmin
mnnlmlnm

Step 3: Perform the conversion.

UNITS) COHY 1: 45_"F-min
(S)UNITS) COHY (ZONY JUERZE] UVAL JUFHCT[2UMIT]

Calculating with Temperature Units

Temperature units are automatically converted and combined during
calculations.

m 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.

® 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.)

]: ]
== | * [ < | x [ £ | 2

The result shows the test is true (12 °C is greater than 52 °F).

Example: Calculate the final temperature for an increase of 18 °F
Irom the current temperature of 74 °F.

1: 9e_"F
_°C [ 9F [ K [ oh ] [

Example:  For a coefficient of linear expansion o of 20 x 1076 1/°C
and a temperature change AT of 44 °C, calculate the
fractional change of length given by o AT. (The x
command interprets temperatures as diﬂ'erences.)

] . B85
(o [ OF [k | ok | |

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
i1s the pressure exerted by the gas (in atmospheres), V
1s 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 T is the temperature
of the gas (in kelvins).

Assumng 1deal 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 ]: 196_"L

Step 2: Convert the units to kelvins. This conversion works correctly
at this point because the temperature 1s still “pure,” and not
yet part of a compound unit.

() E 1: 423. 10_K
_oc [ oF | K [ ok [ |

Step 3: Multiply T' (already in level 1) by n (0.305 mole).
]: 129, BeH/a_K*mol

Step 4:  Multiply n'T" by R, the ideal gas constant. Retrieve R from
the Constants Library before multiplying.

1: 1873.87689645_mol*J

CoHE 0 ~gmo]
LR L —

1: 1129.55462787 _mol*J
<(gmol*])

Step 6: Convert the pressure units to atmospheres.

1= 11.14783743Z7_atm
P | HTGT ] Enk | Pil | TORK JHMH]

Step 7:  Convert the pressure (in atmospheres) to SI base units.

1 1129554, 62787 ks (n
*
EEEI!IE“E-
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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 1s 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, 1f 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 d (day) to create the user-defined unit
LEEE. 'To do this, store the unit object ¥_d in variable WEEK. Enter
a list containing an object with the new units: £1_KEEK . Store the
hst 1n the custom menu and display the menu—press (eq}(MODES)

Additional Commands for Unit Objects

Key Programmable | Description
Command

UWAL UVAL Returns the number part of the level 1
unit object to level 1.

+UNTIT —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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11

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:

a Operation. Any built-in action represented by a name or key.

s Command. Any programmable operation.
s Function. Any command that can be included in algebraic objects.

s 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 1s
programmable. SWAP (the command to swap stack levels 1 and 2),
however, is a command—it can be included in a program, but 1t can’t
go in an algebraic and has no derivative or inverse.

The operation index in appendix G tells you how each operation 1S
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 1n 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:

m Prefix functions. Functions such as 'SIH¢=2 " and "HFMS s, !
whose name (or operator) comes before its argument(s) (which are
listed 1 parentheses and separated by commas).

m Infix functions. Functions such as + and = that come between their
two arguments.

m Postfix functions. Functions such as ! (factorial) that come after

their argument.

Note In the expression 'H{E*C2' A is treated as a prefix
) function and not as a multiplicative argument. The
HP 48 interprets the expression as “apply function
H to the product of & and ,” instead of “multiply
H by the product of E and Z.” 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
f algebraic precedence to determine the order in which the functions
re executed. Functions with higher precedence are performed first,
.nd 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.

9. 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 (==, #, <, &, £, Or ).

8. Logical operators AND and NOT.

9. Logical operators OR and XOR.

10. The left argument for i (where).

11. Equals (=).

Example:

R ER Cubes A, then adds B to that quantity, since ™ has a
higher precedence than +.

e TR 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 1s 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

either as "STH{«2" or '*' SIH and addition can be either '#x+% " or

PR 11
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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 1s an algebraic that does contain an = function. For
example, 'SIH{ = ~ATAMNCZ2*#X3+6%5 " is an expression, and
"Y=ATHMCZ#9 2 +5%4 ' 18 an equation.

When you use an equation as the argument of a function, the function
1s applied to both sides, and the result is also an equation. For
example, *¥=%"' SIH returns "o IMCEI=SIMOY

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

T'he 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:

m 7 (2. 14159265259), the ratio of a circle’s perimeter to its
diameter.

m e (2.7132213284%), the natural logarithm base.

m : (U8, 12), the square root of (-1).

m MAXR (9.993993392339E453), the largest positive real number
representable by the HP 48.

m MINR (1.E-435%), the smallest positive real number representable

by the HP 48.

The five constants are avallable 1n both symbolic and numeric forms

COHS . Three of the constants can also be entered directly from the

main keyboard:
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4 Press ()(m) to obtamn 7.
o Press (@)(eq) E to obtain e.

g Press (@)() I to obtain 2.

The HP 48 also provides 40 physical constants (with their units)
through its Constants Library. The CONST function allows these
-onstants 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
qumeric results. The default setting for both flags 1s clear.

To control the evaluation of symbolic constants:

s To leave a symbolic constant unchanged during evaluation, clear
flags —3 and —2 (their default states).

s To replace a symbolic constant with 1ts numeric value during
evaluation, set flag —3.

a To replace a symbolic constant with 1its numeric value ezxcept
when it’s the argument of a function, clear flag —s and set flag
_92. Pressing (EVAL) causes the numeric value to be used, but the
execution of another function (/, SIN, LOG, and so forth) does not.

© To force all constants to evaluate numerically regardless of the flag

settings, press (¢)(=NUM .

Using Built-In Math Functions

The next six chapters (chapters 12-17) are devoted to the built-1n
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

i the manual it is discussed.
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Finding Mathematical Functions on the HP 48

Topic or Group Access Reference
Anithmetic Keyboard Chapter 12
Exponential Functions Keyboard Chapter 12
Logarithmic Functions Keyboard Chapter 12
Irigonometric Functions  Keyboard Chapter 12
Hyperbolic Functions (MTH) HYF Chapter 12
Probability Functions (MTH) FRIE Chapter 12 -
Percentages (MTH) REERL Chapter 12
Built-In Constants (MTH) (NXT) RS Chapter 12

(e) | EQLIB l i" ﬂ ''''' LIE Chapter 25
Real-Number Functions (MTH) REHL " Chapter 12
Complex Functions (MTH IINXTI sHF Chapter 12
Vector Functions - (MTH) RECTE Chapter 13
Fouriler Transforms (MTH IINXTI FFET Chapter 13
Matrix Functions Chapter 14
Linear Algebra Chapter 14
Number Base Conversions IMTH] E FI o Chapter 15
Binary Arithmetic (MTH) EF E: Chapter 15
Boolean Logic Operations (MTH) EI:I_E ___________ LOGIE Chapter 15
Date and Time Arithmetic [<_-|_]|TIIVIE| Chapter 16
Fraction Arithmetic Chapter 16
Applying Functions to Chapter 17
Lists
Sequences and Series (MTH) LIST. Chapter 17
Recursive List Procedures (PRG) LIST 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.

m 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

' pame’l arqguments »=erpression ' .

To create a user-defined function:

| Enter an equation that specifies the function name and 1ts
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.

9. Press («q)(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: ¢ = 2" — 1.

Step 1:  Enter the equation for CMB.

D@ @ CMB @) @) N

(@) &)
@200 @= NG
(ENTER)

Step 2: Execute DEFINE. Select the VAR menu and note that it
now contains the user-defined function CMB.

() (DEF) | [crie [PPuk | # [PrTPALIOPAR[EAHT
(VAR)

] 3 - 'CMBCn)=2"n—1"
CECTR|MATR] L12T | HYP | REAL [ EMSE

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 n

algebraic syntax.
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To execute a user-defined function:

m 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 1n
the VAR menu (or type the function name and press (ENTER)).

m o use algebraic syntax, press ("), press the function key in the
VAR menu (or type the function name), press (|q)(()), enter the
algebraic arguments in their proper order and separated by commas

then press (ENTER) (or press (EVAL) to evaluate the expression).

Example: Execute the user-defined function CMRA from the earlier
example to make the following calculations.

Step 1: Calculate the total number of ways to combine one or more
of four items (n = 4).

mnmﬁg

Step 2:  For the same value of n, calculate the combinations in
algebraic syntax.

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 l: '2rE-1
8 @;mE;ED @Ld (@) Z _CHE [PPRE ] |PRETPA[IOPAR]EXAM

(EVAL)

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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pxample:  Write a user-defined function to calculate the ratio of
<urface area to volume of a box. The formula for this

calculation is

A _ 2(hw + Al + wi)

Vv hwl
where h, w, and I are the height, width, and length of the

box.

Step 1:  Tirst, create a user-defined function BOXS to calculate the
surface area of the box. Use the EquationWriter application

to key in the equation.

(9)(EQUATION)

@ @ BOXS (@D @ H
(S_PQ@W@Q@L@@ S[.hsl-.l: 1)=E'|:h-u+h-1+m-1|]

@E20@O@E)

H W (+ H

Step 2: Enter the equation and create the user-defined function.
(ENTER]) "g04: | CH1E | PPAR | A [PRTPALIOPAR
(=) (CEF)

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.

(4q)(EQUATION )

(@) (@ BOXR@Q)(V @)X

D B ®) [Rixy,) -T2
@ VAR EixE @O

PRTRA[10PHE

Step 4: Enter the equation and create the user-defined function.
(ENTER) 600k | EDi: | Cr1E [PRRR [ A [PRTPH
() (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.

1: . 128371428571
EDR | B0GS [ CHE [PPAE[ 0 [PETPR,

Note that BOXS was defined using b, w, and [ as varlables, and that

BOXS takes z, y, and 2 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

Key Programmable Description
Command
INV Prefiz. Inverse (reciprocal).
v/ Prefiz. Square root.
(q)(x2) SQ Prefir. Square.

+/— NEG Infiz. Change sign. Changes the sign of
ihe number in the command line. When
no command line 1s present,
executes a NEG command (changes the
sign of the argument 1n level 1).

+ Infiz. Level 2 + level 1.

(=) — Infiz. Level 2 — level 1.

(%) * Infiz. Level 2 x level 1.

(=) /- Infiz. Level 2 = level 1.

") A Infiz. Level 2 raised to the level 1
power. The algebraic syntax for the "
command is ‘yTr .

XROOT Prefiz. The zth (in level 1) root of a
real value in level 2. The algebraic
syntax for the XROOT command 1s
CROOT(za Y '
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Exponential and Logarithmic Functions

Key Programunable Description )
Command |
S ALOG Prefiz. Common (base 10) —
antilogarithm.
()(LoG) LOG Prefix. Base 10 logarithm.
() () EXP frefiz. Natural (base ¢) antilogarithm.
()(LN) LN Prefiz. Natural (base e) logarithm. '

Trigonometric Functions

For trigonometric functions, the angle arguments
interpreted as degrees, radians, or grads,
angle mode.

and results are
depending on the current

Trigonometric Functions

Key Programmable Description
" Command

SIN SIN Prefiz. Sine.
(9J(ASIN) ASIN Prefix. Arc sine.

COS COS Prefiz. Cosine.
(\)(ACOS) ACOS Prefiz. Arc cosine.

TAN TAN Prefiz. Tangent.
(<) (ATAN) ATAN | Prefiz. Arc tangent.
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H}perbolic Functions

—_—

Key Programmable Description
Command

SIHH SINH Prefiz. Hyperbolic sine: (e* —e™" )/2.
ASTHH ASINH Prefiz. Inverse hyperbolic sine: sinh ™ *
T

COEH COSH Prefiz. Hyperbolic cosine: (e* +¢e™" )/2.
FCOSH ACOSH Prefiz. Inverse hyperbolic cosine:
cosh™! .

TANH Prefiz. Hyperbolic tangent:

sinh = /cosh z.

ATANH Prefiz. Inverse hyperbolic tangent:

sinh™! (z/V1 — z2%).

EHEEH EXPM Prefiz. € — 1. Argument z 18 in level 1.
(EXPM is more accurate than EXP

'when the argument to e” 1s close to 0.)

LHFEL LNP1 Prefiz. In (z + 1). Argument 7 is 1n
level 1. (LNPL1, In plus 1, 1s 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) (NXT)

FRIOE ) to calculate combinations, permutations, factorials, random
numbers, and upper-tail probabilities of various test statistics.

Probability Commands

Programmable
Command

Description

—

PERM

RAND

RDZ

Prefiz. Number of combinations of n (in
level 2) 1items taken m (in level 1) at a
time.

Prefiz. Number of permutations of n
(1n level 2) items taken m (in level 1) at
a time.

Postfiz. Factorial of a positive integer. |
For non-integers, ! returns I'(z + 1).

Command. Returns the next real
number n (0 < n < 1)in a _
pseudo-random number sequence. Each
random number becomes the seed for
the next random number.

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 5 DAT in the STAT

application.
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Test Statistics Commands

Keys Programmable Description -
Command

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.

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.

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 1s greater than z for a normal

| | distribution.

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.

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

71

BN

70 89

Step 1: First, calculate the probability that a student chosen at
random obtained a score greater than 70. (Square the
standard deviation to get the variance.)

] . 536217986637
(UTP: [UTRF [UTPN [UTRT [NOIST]

Step 2: Now, do the same calculation for a score of 89, after recalling
the last argument used. '

¢* . 23621708663/

]: 5. 39817524 79bE-Z
UTPC [UTPE [UTFN TUTPTINGET]

Step 3: Subtract the two values. About 49% of the students scored
between 70 and 89.

Q

1 . 4853358347£1
Cutpi | UTPF [UTPN [UTPTINCGT] B
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ﬁeal 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

Programmable
Command

Description

Prefiz. Degrees to radians. Converts a
number from a decimal degree value to
its radian equivalent.

Prefiz. Radians to degrees. Converts a
number from a radian value to its
decimal degree equivalent.

—HMS

HMS—

HMS+
HMS—

Decimal to HMS. Converts a number
from decimal degrees to HMS format.

HMS to decimal. Converts a number
from HMS format to decimal degrees.

Adds two angles in HMS format.
Subtracts two angles in HMS format.
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The following 1llustrates the conversion to and from HMS format:

Decimal Format Hours-Minutes-Seconds Format
Hours (or degrees) Hours (ordegrees) Seconds
'  >HMS
142673 « “- »1.2536228
T HMS> -~
Fractional hours (or degrees) Minutes Fractional seconds

Example:  Convert 1.797 radians to degrees.

Step [: First, enter 1.797.

1.79 '
@%@  —— TY &L

Step 2: Use the R—D function. (The function acts independently of
the current angle mode.)

(MTH ) = EHL (NXT]) (NXT)

13 R=DC], P9
"RND | TRNE [FLOD] CEIL | D3k | Fivb

Step 3. Use —NUM to obtain a numeric result.

()(=NUM) S — = 1Y

Example: Convert 25.2589 degrees to degrees, minutes, and seconds.

25 258() :
DD |l S5
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Percent Functions

Percent Functions

Key Programmable Description
Command

Vzs Prefiz. A percent of B, or B percent of
A (Aisinlevel 2, B is in level 1):
(A x B)/100.

A 7CH rrefir. The percent change from A to
3, as a percentage of A (A is in level 2,
5 s level 1): ((B = A)/A4) x 100.
7T Prefiz. The percent of total (the total.
A, 1s 1 level 2 and the value, B, is in

level 1): (B/A) x 100.

Other Real-Number Functions
T'he functions in the Followmg table are found in the MTH REAL

menu ((MTH) FE/L

o Example
Command/Description
Input Output
ABS Prefiz. Absolute CL ~iz | 1 12 |
value. | '
CEIL Prefir. Smallest i —. 5 i —~ =
Integer greater than or equal
to the argume nt. - e H ;
FLOOR Prefir. Greatest 1 i S - o
integer less than or equal to
the argument. i = R I - -
FP  Prefir. Fractional part is Seood 1 Zzd
of the argument.

i.m..-
i
H
[
;
1%
|t

!
{2

1]
o
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o Example
Command/Description
Input Output _

IP Prefiz. Integer part of 1- -2.224 | 13 -5 |
the argument.

1 S.234 | 1 5
MANT Prefiz. Mantissa of | 1: 1.22E12 | 1: 1.22
the argument.
MAX Prefiz. Maximum; = 5| 1: 5
the greater of two 1: —&
arguments.
MIN Prefiz. Minimum; the | 23 5 | 1 -
lesser of two arguments. 1: -,
MOD Prefiz. Modulo; 5 & | 1: 2
remainder of 4 /. A MOD 1 4
RND Prefiz. Rounds =1 1.234567: 1 1.234357

number according to 1:
argument: n = 0 to 11
rounds to n FIX, n = —11 25 1.224267
to —1 rounds to n significant | 1: -5 |
digits, and n = 12 rounds to
current display format.

SIGN Prefiz. Returns +1 i: ~2.7 | 1% -1
for positive arguments, —1 '
for negative arguments, and
0 for arguments of 0.

TRNC Prefiz. Truncates 21 1.2245873 | 1 1. 2345
number according to 1: o

argument: n = 0 to 11

truncates to n FIX, n = 21 1.2234536870 | 1.22345
—11 to —1 truncates to n 13 -

significant digits, and n = 12

truncates to current display

format.

XPON Prefiz. Exponent of | 1: 1.22E4% | 1+ 45

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

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:

m Press (®)(POLAR) until no coordinate annunciator 1S On.

or
s Press ((#)(MODES) (¥) (V), then press until Rect arnaul ar is

displayed in the COORD SYSTEM: field. Confirm your selection by

pressing = Of

To display polar coordinates for complex numbers:

m Press @l POLAR ) until the F47Z or Fs s coordinate annuncilator 1s
on.

or '
® Press ((#)(MODES) (¥) (¥), then press until Fi=1ar is displayed
in the COORE SYSTEM: field. Confirm your selection by pressing

R

Even though only two coordinate modes are needed for complex
humbers, 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
lorm, 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 i1s 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

I l | E |

Real axis ~
i} (a,b) (L £6)

Rectangular Polar

_imaginary axis

Entering Complex Numbers

You can enter complex numbers using either rectangular coordinates
or polar coordinates.

To enter a complex number:

s To enter rectangular coordinates, press (eq)(()), enter the

coordinates separated by (SPC) or (#9)(,), and press (ENTER).
m To enter polar coordinates, press (¢9)(( )), enter the coordinates

separated by (¢#)(&.), and press (ENTER).

The internal rectangular representation of all complex numbers has
the following effects on polar numbers:

m # is normalized to the range £180° (&7 radians, £200 grads).

m If you key in a negative r, the value 1s made positive, and @ 1s
increased by 180° and normalized.

m If you key in an r of 0, & 1s 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:

s The data you supplied to the calculator may be outside the range of
the formula you are calculating.

m The formula (or its execution) may be incorrect.

s A rounding error at a critical point in the formula may have
compromised the computation.

s 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.

T'he remaining commands are found in the MTH CMPL menu (press

: Example
Command /Description

| Input Output

ABS Prefiz. Absolute i CS.43 | 1 =
| value; \/332 + 2.
ARG Prefiz. Polar angle of | 1z 1.1 iz 4.5
_a complex number.
| CONJ Prefiz. Complex i: =N {: (2. ~30
- conjugate of a complex
number.
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o Example
Command /Description

Input Output

C—R Command. Complex | 1z (230
to real; separates a complex
number into two real
numbers, the rectangular
coordinates z and y. |
IM Prefiz. Imaginary (y) i (=322 | 1: =i
part of a complex number.
NEG Infiz. Negative of its | 1: (2a—173 i: C=Za 1y
argument. '

RE Prefiz. Real (z) part of | 1 T, =30 | 1 d
a complex number.

R—C C(Command. Real to o -7 ] 138 (g =
complex; combines two real 1s —2
numbers into a complex
number (z,y).

SIGN Prefiz. Unit vector ] (S iz S -
in the direction of the

complex number argument;
xr Y )

( \/$2+y2 ) \/1,2_|_y2

EEl [l

pete T8
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Vectors and Transforms

All vectors are array objects. The general case of n-dimensional

vectors 1s covered in 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 XY 1) or polar components ([ R X 1)—in Rectangular mode or
im Polar mode. |

{wo-Dimensional Display Modes

Rectangular Polar

X (a D] [r «0]

2D Vector Components

You can display 3D vectors as rectangular components ([ X Y Z 1),
cylindrical components ([ R A Z 1), or spherical components

(L R X A 1)—in Rectangular mode, in Cylindrical mode, or in
Spherical mode.
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Three-Dimensional Display Modes

Rectangular  +  Cylindrical Spherical

[abc] [rxy <6 c] [r,_,ce,f:(l)];

3D Vector Components

Polar mode 1s 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) untll no coordinate annunciator is on.
- or

To display polar (cylindrical or spherical) components:

m Press (¢#)(POLAR) until the E«Z or Eis coordinate annunciator is
on.
or

m Press (MTH) YECTRE (NXT) LI
SFHER (for spherical/ POlar).

i (for cylindrical/polar) or

The = 1n the menu label, and the coordinate annunciator, indicate the
active coordinate mode:

m Rectangular mode
= Cylmdrlcal mode

Vectors are displayed mside £ 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 ot 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:

s To enter specific components, press (€Q)([1), enter the components

separated by (SPC) or ()(&), and press (ENTER). (Press =)&)

Jjust before each angular component.)
s lo use the current coordinate mode, enter the two or three

component values and press (MTH)} ¥ECTE  #42 or 43
(Don’t enter «£.)

The internal rectangular representation of all vectors has the following
effects on displayed polar (cylindrical and spherical) vectors:

0 is normalized to within +180° (7 radians, £200 grads).
= ¢ 1s normalized to within 0 to 180° (0 to m radians, 0 to 200 grads).

[t you key in a negative r, the value is made positive: 4 is increased
by 180°, ¢ is subtracted from 180°, and both are normalized.

m If ¢ 15 0° or 180°, @ is reduced to 0°.
® 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:

® For a 2D vector, enter a component on level 1 and level 2, press
(MTH] WECTRE =42 . The components are interpreted according
to the current coordmate mode.

8 For a 3D vector, enter a component on level 1, level 2, and level
3. press (MTH) ¥ECTE #4323 | The components are nterpreted
according to the current coordma,te mode.
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To take apart a 2D or 3D vector on the stack:

m Press (MTH)

the dlsplayed components

. The returned values are the same as

Vector Math Commands

A vector, like a real number, 1s a single object. So you can use vector
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 1nterpret their arguments and return results using the
current, ceordlnate mode and can be found in the MTH VECTR

Command /Description

ABS Prefiz. Returns the 1:f 2 -2 4 ] 12 3. _-B'ﬁlr--#ﬁ
scalar magnitude of vector, f-
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 il 2 -24 1 |1 2
the inner or dot product (a 1:0 -1 2 2 1

scalar) of two vectors of

equal dimensions. |
CROSS Command. Z: [ 2541 |1:[-5 -6 7 1
Returns the cross product (a | 1:0 -1 =2 1 1]

3D-vector) of two vectors.
Two element vectors will

have a third zero element
added during execution.
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Additional commands for manipulating vectors and elements of vectors
are covered 1n chapter 14.

gxamples: Calculating with 2D and 3D Vectors

To calculate with vectors:
s Enter the vectors on the stack, then execute the command.

Example: Finding the Unit Vector. A unit vector parallel to a given
vector 1s found by dividing a vector by its magnitude:

A4

Iv]

1. Enter the vector.

2. Duplicate the vector (press (ENTER) a second time).

3. Press (MTH) ¥ELTE  HEZ  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

1| V1-V2
nagte —
“ng V1] V2|

. Enter the two Vectors on‘to the stack.
. Press (MTH) MELCTE _ to take the dot (inner) product.
. Press (ﬂ]lARG ) to return the two vectors to the stack.

. Press = AES  (eq) (SWAP) HEZ  to find the magnitude of each
vector.

. Press (x) to multiply the magnitudes.

0. Press (¥) to divide the product of the magnitudes into the dot

product.
(. Press (eq)(ACOS) to find the angle between the vectors.

P R N

by
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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 1s active.)

o 185 « 62°
170 < 143
1759
_—_‘_‘_‘_‘_'_'_'_'_‘—‘—'--—-—.__
v
100 <« 261°

Step 1: Set Polar-cylindrical mode, enter the three vectors, and find.
their sum.

Ny L R T ST
170 (r_’]L] 143 [ENTER] alll.,
@)1 185 (@)(Z) 62 (ENTER) RECT JovLim[=PHER] [ [
@D 10 @@ 261 DD

Step 2: Enter the unit vector of 175°, and find the magnitude of the
resultant vector along the 175° hne.

@@ | @)@ 175 (ETER) l: 78. 8585649585 |

_REZ | DOT [cRO::[ v [ suE [ 03
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Fast Fourier Transforms

A physical process can be described in two distinct ways:

a The change of a quantity, &, as a function of time, ¢ (h(1)).
s The change of an amplitude, H, as a function of frequency, f (H(f)).

For many situations, 1t helps to consider A(?) and H(f) as two different
representations of the same function. Fourter 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
pumber of rows and the number of columns in the sample set to be a
integral power of 2.

I'ast 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 (H,) in the frequency domain:

N-1
H; = § :hne—ﬁmkn/N

n=>0

The “inverse” transformation (IFFT) maps an array of MxN real or
complex numbers (Hy) in the frequency domain to an array of MxN
real or complex numbers (hy) in the time domain:

| N-1
— 1 2mikn /N
hn =N ;} er
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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 1ntegral power of two. See chapter 14 for efficient ways to adi
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).
2* PI‘E’SS [MTH] [NXT] F-FT FFT ..... to tra_nsform the data from the!

time domain to the frequency domain.

Press (MTH)(NXT) FFT "IFFT to transform the data from the
frequency domain to the time domain.

Example: Using FFT and IFFT for forward and inverse fast Fouriex
transforms. The example uses the elements of a random
vector to represent a sampled signal.

1. Create a 16-element random vector on the stack: enter ©1& 3 FHHH

2. 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.

3. Reconstruct the original signal by computing the one-dimensional
inverse discrete Fourier transform: execute IFFT. 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: {18 162 RAHM. "
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Matrices 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 1n this chapter also apply to vectors.
Wherever this is the case, the more general term array 1s used instead

of matriz.

Creating and Assembling Matrices

You can enter a matrix two ways:

s MatrixWriter application. A visual method of entering, viewing, and
editing array elements.

s Command hne. The basic object-entry method;

To enter a new matrix using the MatrixWriter:

l. Press ((#)(MATRIX) to display the MatrixWriter screen and menu.

2. For each element in the first row, do one of the following:

m 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 (SPC] to
separate arguments) and press the desired function keys.

3. Press (V) 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 (SPC) to separate each
number), and then pressing (ENTER) once to enter them all.

Matrices and Linear Algebra 14-1



D. 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:
1. Press (eq)([1) and («3)(1]) to type the delimiters for the matrix and

for the first row.
2. Key 1 the first row. Press (SPC) to separate the elements.
3. Press () to move the cursor past the 1 row delimiter.

4. Optional: Press ((#)(«=) (new line) to start a new row in the
display.

9. 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.

To create an array filled with a given constant:

1. Enter one of the following onto the stack:
® A list containing the dimensions of the desired constant array:
L rows columns =
s Any array whose elements you don’t mind changing.
2. Enter the constant that you want in the array. |
3. Press (MTH) MATFE HMAKE C0OH . This returns an array of tha

same dimensions as you entered (or that the argument array had)
filled with your chosen constant.

To create an identity matrix:

1. Enter one of the following onto the stack:
m A real number representing the number of rows and columns

you want in the square identity matrix (fractional values are
rounded).

matrix of the glven dlmensmns.
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To create an array filled with random integers:

1. Enter one of the following onto the stack:
s A list containing the dimensions of the desired random array:
{ rows columns .
s Any array whose elements you don’t mind changing.

). Press (MTH) MATR MAKE RANM . Returns a random array

have the dimension specified by the list or array argument. The
array elements are all integers in the range [-9 9]. Each integer 1s
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.

9. Enter the number of rows in the desired matrix.

matrix.

To 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.
% B "% to assemble the vectors into a

matrix.

To assemble a matrix with a particular diagonal from a vector:

1. Enter the vector containing the diagonal elements.

2. Enter one of the following:
a A list containing the dimensions of the desired matrix:
L rows columns .
m A real number representing the number of rows and columns 1n
the desired square matrix.

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 1n 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 Sta,ck
2. Press (PRG) . THFE 0OFE.I+ . The matrix is disassembled in

row-major order, lea,vmg 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 hist containing the dimensions of the desired matrix:
L rows columns }.

To disassemble a matrix into row vectors:

1. Enter the matnx onto the stack f
2. Press (MTH) HMHTE. ROl +*E0M . The matrix is disassembled.
into row vectors (ﬁrst row to la,st) 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 (MTH) MATE" . .#C0L . The matrix i1s disassembled
into column vectors (ﬁrst column to Iast) Level 1 of the stack
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contalns a real number representing the number of columns 1n the
original matrix.

To extract the vector of diagonals from a matrix:

1. Enter the matrix onto the stack.

2. Press (MTH) MATE (NXT) =*[:IAG to extract the diagonal

elements as a vector.

Inserting Rows and Columns

To insert one or more new rows into a matrix:

. 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 1n all
rows below, will be shifted down to accommodate the insertion.

Row numbers start at 1, not 0.

4. Press (MTH) MATE ROl FOWM+ 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 i1s 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. Column numbers start at 1, not 0.

1. Press (MTH)
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Extracting Rows and Columns

To extract a particular row from an array:

1. Enter the array onto the stack.
2. Enter the row number (or element number if the array is a vector)
that you wish to extra,ct

3. Press (MTH) MATE Rl EOW~- . The extracted row vector

(or element) 1s 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. Enter the array onto the stack.

2. Enter the column number (or element number if the array is a
vector) that you WlSh to extract.

3. Press (MTH) MATE 0L C0L- . 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:

- 1. Enter the array onto the stack. If the array i1s a vector, 1t 1s
considered to be a column vector.
2. Enter the two row numbers that are to be swapped.

3. Press (MTH) MATE  EOW  (NXT) EZlF . The modified array is

returned to level 1.

To swap the location of two columns in an array:

I. Iunter the array onto the stack. If the array 1s a vector, 1t 1s
considered to be a row vector.

2. Enter the two column numbers tha,t are to be swapped.

3. Press (MTH) FHTE SOl CSWF . The modified array is

returned to level 1.
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E;tracting 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:
s A list containing the row and column number of the element you

wish to extract: £ row column 3.
s The position number of the element you wish to extract. (For
matrices, this is mterpreted as I‘OW-IH&JOI‘ order.)
3. Press (MTH) HATE HHEE. _BET  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;:
m A list containing the row and column number of the element you
wish to replace: ¥ row column .
s 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 (MTH) HHIR 4k E *1IT  to replace the element
at the speelﬁed location Wlth 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 matrx.
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Commands for Characterizing Matrices

Programmable
Conunand

Description

Command. Returns the dimensions of
the array on level 1 of the stack.

EHEM

SRNM

RNRM

CNRM

" -li ™ ..r' ) . :"_. s "r' -t : - o Mrae - 1:'| » [ . -
h‘ﬁ.lcmLm.ﬁ:ﬁ""jL- MJML-A:&MMI '-!rl-l-:'.'—'w‘-i

Prefiz. Returns the Frobenius norm of
matrix and the Euclidean length of a
vector: the square root of the sums of -

the squares of the absolute values of th
elements.

Command. Returns the spectral norm
of an array. The spectral norm of a

matrix 1s equal to the largest singular
value of the matrix. Same as ABS for a,
vector. :

. . . ~ H" ) -\.'_:-" . .
et et T R = T e e@ww'

Command. Returns the row norm of an:

.. 3
array. The row norm of a matrix is the
maximum value (over all rows) of the
sums of the absolute values of all ]
elements 1n a row. The row norm of a
vector 1s the maximum absolute value of
1ts elements. |

Command. Returns the column norm of
an array. The column norm of a mz—.u;ru-m2
1s the maximum value (over all 1
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. .

_...
e, P gy

._ .
L1
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Commands for Characterizing Matrices (continued)

Key Programmable Description
Command |
ERAD SRAD Command. Returns the spectral radius |

of a square matrix. The spectral radius
1s the absolute value of the largest
| eigenvalue of the matrix.
COHD COND Command. Returns the column-norm
condition number of a square matrix.
The condition number 1s defined to be
the product of the column norm of a
square matrix and the column norm of
1ts mverse.
EAHE RANK Command. Returns an estimate of the
rank of a matrix. The rank of a matrix
1s equal to the number of nonzero
singular values of the matrix. If Flag
—54 1s clear (default), RANK treats any
computed singular value less than 1014
times the size of the largest computed
singular value as zero. If Flag —b54 is
set, RANK counts all nonzero singular
values no matter their size.

. DET | Command. Returns the determinant of
a square matrix. DET checks flag —54,
and will refine 1ts 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.

2.

Enter the matrlx onto the stack.
Press (MTH) FMBTER. - TEHM to transpose the matrix. The
first row of the orlgmal matrix 1s now the first column, the orlgmal
second row Is now the second column and so forth. This computes
the conjugate transpose of complex matrices.

To invert a square matrix:

. Enter the square matrix.
. Press to mnvert the matrix. Note that matrix mversion can

produce erroneous results if you are using ill-conditioned matrices.
See “Ill-Conditioned and Singular Matrices” on page 14-16.

To change the dimensions of an array:

l.

Enter the array onto the stack.

2. Enter a list containing the new dimensions of the array:

T rows columns .

5. Press (MTH) MATE MAKE FEDM  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 1n 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 &, &% if the array is
complex).
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Calculating with Matrix Elements

To add or subtract two matrices:

l.

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.

Press (+) to add or (=) to subtract. The single resulting matrix
has elements that are the sum or difference of the corresponding
elements 1n the original argument matrices.

To multiply or divide a matrix by a scalar:

Enter the matrix onto the stack.

Enter the scalar (a real or complex number).

Press (X) or (3). Each element of the resulting matrix 1s 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.
2.

Enter the matrix onto the stack.
Press to change the sign of each element in the matnx.

To find the matrix product (A B) of two matrices:

1.

Enter the two matrices onto the stack. Be careful about the entry
order because matrix multiplication 1s 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.

. Press (). 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.
2.

Enter the matrix onto the stack.
Enter the vector. The number of elements 1n the vector must equal

the number of columns 1n the matrix.

. 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™1. 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 1ill-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 matrix 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 1s to be used, type the array name and press (&) (()).
J. Enter the subscripts for the element:
m lor a vector, enter one subscript (position number of the
element).
m For a matrix, enter two subscripts separated by («g)()) (row and
column numbers of the element).

Example: Enter a symbolic expression for the sum of all elements of
a 2 X 9 matrix stored in MATR.

Step 1: Begin the expression.

(9)(EQUATION)
)= )1 )
) (@) k)1 0)
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Step 2:  Enter the name of the matrix and the subscripts.

(o} (hold)MATR (release)

G MOCIREC B3]
K(®)

WECTR[MATR] LIZT | HYP [ KEAL [ ERZE

Step 3:  Press (ENTER]) to put the expression on the stack. Assuming

that the 2 x 5 matrix 1s already stored in MATR, press
(EVAL) to compute the sum of 1ts elements.

To apply a mathematical function to each element in an array:

. Type TEHC H and press lENTER|
~ Press (VAR] U e Sl T

Enter an array.
Enter a program that contains a function. The program must take

one argument and give one result.

. The function 1s applied to
cach element, and the result replaces that element. If the applied
function returns an algebraic for one of the elements, then the array
1s returned 1n hist format.

Transforming Complex Matrices

To combine two matrices into a complex matrix:

l.

Enter the real matrlx that will become the real part of the complex
matrix.

. Enter the real matrix that will become the imaginary part of the

complex matrix.

- Press (MTH) (NXT) CHFL FE=#L to combine the two real

matrices into a complex matrix.

To split a complex matrix into two real matrices:

l.

Enter the complex matrix on the Stack

2. Press (MTH)(NXT) CHMFEL TR

its real and 1maginary parts.
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To conjugate each element of a complex matrix:

1.
2.

IEnter the complex matrix onto the stack.

Press (MTH) (NXT ) CHMEL. (NXT) LM 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.

just the real parts of each element of the original complex matrix.

To extract a matrix of imaginary parts from a complex matrix:

1.
2.

Enter the complex matrix onto the stack.

Press (MTH)(NXT) CHMFL ~ IM  toreturn a matrix containing
just the 1imaginary parts of each element of the original complex
matrix.

Matrix Solutions to Systems of Linear
Equations

Systems of hinear 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.

Under-determined systems. These systems have more independent
variables than linearly independent equations. There are either no
solutions or an ifinite 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.

Exactly-determined systems. These systems have an equal number
of independent variables and equations. Usually (but not always),
there 1s a single exact solution for exactly-determined systems. (See
“Ill-Conditioned and Singular Matrices” on page 14-16.)
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To calculate the “best” solution to any system of linear equations:

1.

ﬂ:.»:‘v

Press ((»)(SOLVE) (A) (A) . 1k to open the SOLYE =4 _T*':TT H ==
input form.
Enter the matrix of coefficients into field H:.

Enter the a,rray (vector or matrix) of constants imnto ﬁeld E"'

the ﬁeld. If the system being solved 1s exactly-determined, the
solution is a 12-digit approximation of the exact solution; if 1t 1s
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.
2.

Enter the array (vector or matrix) of constants onto the stack.
Enter the matrix of coefficients. It will typically have more rows

than columns

________________________ L5 to calculate the “least-squares
solution” (X) that minimizes s 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

. Press (MTH) I
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