(’5/” HEWLETT

PACKARD

HP 48
Owner’s Manual




Regulatory Information

U.S.A.

The HP 48 generates and uses radio frequency energy and may interfere with
radio and television reception. The HP 48 complies with the limits for a Class B
computing device as specified in Part 15 of FCC Rules, which provide reasonable
protection against such interference in a residential installation. In the unlikely
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determined by turning the unit off and on), try the following:

m Reorienting or relocating the receiving antenna.
s Relocating the HP 48 with respect to the receiver.

For more information, consult your dealer, an experienced radio/television
technician, or the following booklet, prepared by the Federal Communications
Commission: How to Identify and Resolve Radio-TV Interference Problems.
This booklet is available from the U.S. Government Printing Office, Washington,
D.C. 20402, Stock Number 004-000-00345-4. At the first printing of this manual,
the telephone number was (202) 783-3238.

Europe

Declaration of Conformity (according to EN45014)

Manufacturer’s name: Hewlett-Packard

Manufacturer’s address: Corvallis Division Singapore Mfg. Div.
1000 NE Circle Blvd. 1150 Depot Road
Corvallis, OR 97330 Singapore 0410
declares that the following product

Product name: HP 48
conforms to the following product specifications

EMC: CISPR 22 / EN 55022 class B,
prEN 55101-2, prEN55101-3

Safety: IEC 950 / EN 60950

Quality Department
Hewlett-Packard Company
Corvallis Division



Comments on the HP 48 Owner’s
Manual

Your evaluation of this manual helps us improve our publications.
Please circle a response for each of the statements below.

HP 48 Owner’s Manual
Strongly Strongly
disagree Disagree Neutral Agree agree

@ @ ® @ ®

I am satisfied with the product documentation . .1 2 3 4 5
I can find the information Iwant . . . . . . . .12 3 435
The information in the manual is accurate .1 2345
I can easily understand the information .1 2345
The manual contains enough examples .1 2345
The examples are appropriate and helpful .12345
Comments:
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© Copyright Hewlett-Packard Company 1990, 1991. All rights
reserved. Reproduction, adaptation, or translation of this manual
is prohibited without prior written permission of Hewlett-Packard
Company, except as allowed under the copyright laws.

The programs that control this product are copyrighted and all
rights are reserved. Reproduction, adaptation, or translation of those
programs without prior written permission of Hewlett-Packard Co. is
also prohibited.

© Trustees of Columbia University in the City of New York, 1989.
Permission is granted to any individual or institution to use, copy,
or redistribute Kermit software so long as 1t is not sold for profit,
provided this copyright notice is retained.

Hewlett-Packard Company
Corvallis Division

1000 N.E. Circle Blvd.
Corvallis, OR 97330, U.S.A.

Printing History
Edition 1 ... .. November 1991



Contents

Part 1. Building Blocks

1.

Trying Out the HP 48

Looking It Over

Getting Ready .

Operating the Calculator

Using Memory

Ways to Solve Problems .
Doing Numeric Keyboard Calculatlons .
Doing Algebra

Solving Equations for Unknown Values
Getting Answers Graphically .

Making Your Own Functions .
Programming . .

Using Numbers w1th Un1ts .

Keeping Track of Time

The Keyboard and Display
Organization of the Display

The Status Area, Annunciators, and Messages

The Stack .
The Command Line . .
Menu Labels . .
Organization of the Keyboard
Using the Keyboard and Display .
Getting Attention! S
Keying In Numbers
Keying In Characters (the Alpha Keyboard)
Keying In Objects with Delimiters .
Working with Menus
Setting the Display Mode

1-2

1-4

1-5
1-13
1-17
1-17
1-22
1-29
1-33
1-39
1-40
1-44
1-47

2-1
2-1
2-3
2-4
2-4
2-4
2-6

2-6
2-7
2-11
2-11
2-14

Contents-1



3. The Stack and Command Line

Using the Stack for Calculations . . . . . . . . . . 3-2
Making Calculations . . . . . . . . . . . . .. 3-2
Manipulating the Stack . . . . . . . . . . . .. 3-4
Recalling the Last Arguments . . . . . . . . . . 3-5
Restoring the Last Stack . . . . B 3-6

Displaying Objects for Viewing and Edltlng Coe e 3-6
The Command Line and the EDIT Menu . . . . . 3-8
The Interactive Stack . . . . . . . . . . . . .. 3-9

Using the Command Line . . . . e ... 315
Accumulating Data in the Command Llne e ... 31
Selecting Command-Line Entry Modes . . . . . . .  3-16
Recovering Previous Command Lines . . . . . . .  3-18

Other Stack Commands . . . . . . . . . . . . .. 3-18

4. Objects

Real Numbers . . . . . . . . . .. oL . 4-2

Complex Numbers . . . . . . . . . . . . . . .. 4-2

Binary Integers . . . . . . . . . . . ... oL 4-3

Arrays . . . . . . . . L. Lo 4-4

Names . . . e e e e 4-5

Algebraic ObJects e e e 4-6

Programs . . . . . . . . . . oL oL 4-6

Strings . . . . . .. oL oL 4-7

Lists . . . C e e e e e 4-7

Graphics ObJects C e e 4-7

Tagged Objects . . . . . . . . . . . . . . .. .. 4-8

Unit Objects . . . . . . . . . . . . . ... .. 4-9

Directory Objects . . . . e 4-10

Built-In Functions and Commands e 4-10

Additional Object Types . . . . . . . . . . . . .. 4-12

Manipulating Objects . . . . . . . . . . . . . .. 412

Determining Object Types . . . Ce e 4-18

Separating Variable Names by Ob]ect Type e 4-19

Evaluating Objects . . . . . . . . . . . . . . .. 4-20

Contents-2



5. Calculator Memory

Types of Memory . . . e 5-1
Finding Out about Memory Usage e 5-2
Saving and Restoring the Stack . . . . . . . . . .. 9-3
Clearing All Memory . . e 9-3
Responding to Low- Memory Condltlons e 5-4

6. Variables and the VAR Menu

Naming Variables . . . . . . . . . . . . . . . .. 6-1
Creating Variables . . . e 6-2
Using the Contents of Varlables e 6-4

Evaluating Variable Names . . . . . . . . . . . . 6-4

Recalling the Contents of Varlables Ce e 6-5
Changing the Contents of Variables . . . . . . . . . 6-5
Using Quoted and Unquoted Variable Names . . . . . 6-6
Using the VAR Menu and REVIEW Catalog . . . . . 6-7
Purging Variables . . . . . . . . .. .00 oL 6-8
Recovering from Errors . . . . . . . . .. oL L 6-9
Doing Variable Arithmetic . . . . . . . . . . . . . 6-10

7. Directories
Learning about Directories . . . . . . . . . . . .. 7-1
Creating Subdirectories . . . C e 7-3
Accessing Variables in Dlrectorles Ce e 7-4
Changing Directories . . . C e e 7-b
Purging Variables and Dlrectorles C e e 7-5
Using Directory Objects on the Stack . . . . . . . . 7-6
8. More about Algebraic Objects

Entering Algebraics . . . . . . . . . . . .. o L. 8-1
Evaluation of Algebraics . . . . . . . . . . . . .. 8-2

The Evaluation Process . . . . . . . . . . . .. 8-2

Stepwise Evaluation . . . e e 8-3

Symbolic and Numeric Results C e 8-3

Automatic Simplification . . . . . . . . .. 0L 8-5
Rules of Algebraic Precedence . . . . . . . . . .. 8-5
Expressions and Equations . . . . . . . . . . . . . 8-6
Related Topics . . . . . . . . . . . . . . .. . 8-7

Contents-3



Part 2. Hand Tools

9. Common Math Functions

Algebraic Syntax and Stack Syntax . . . . . . . . . 9-1
Arithmetic and General Math Functions . . . . . . . 9-3
Fraction Conversion Functions . . . . 9-4
Exponential, Logarithmic, and Hyperbohc Functlons . 9-6
Percent Functions . . . e 9-7
Trigonometric Functions, Angle Mode and T .. 9-8
Selecting the Angle Mode . . . . . . . . . . .. 9-8
Trigonometric Functions . . . . . . . . . . . .. 9-8
The Constant =7 . . . . . . . . . . . . . . .. 9-9
Angle Conversion Functions . . . e 9-11
Factorial, Probability, and Random Numbers Coe e 9-13
Other Real-Number Functions . . . . . . . . . . . 9-14
Using Symbolic Constants . . . T * N 1)
Using Values for Symbolic Constants T 2 )
Using Flags to Interpret Symbolic Constants . . . . 9-17
Using Symbolic Arguments with Common Math
Functions . . . . . . . . . . o000 9-18

10. User-Defined Functions

Creating a User-Defined Function . . . . . . . . . . 10-1
Executing a User-Defined Function . . . . . . . . . 10-2
Differentiating a User-Defined Function . . . . . . . 10-3
Nesting User-Defined Functions . . . Ce 10-4
The Structure of a User-Defined Functlon Ce e 10-5

11. Complex Numbers

Displaying Complex Numbers . . . . . . . . . . . 11-1
Entering Complex Numbers . . . Coe 11-3
Assembling and Taking Apart Complex Numbers R 11-4
Calculating with Complex Numbers . . . . . . . . . 11-5
Using Complex Numbers on the Stack . . . . . . . 11-6
Using Complex Numbers in Algebraics . . . . . . . 11-7
Real Calculations with Complex Results . . . . . . 11-9
Additional Commands for Complex Numbers . . . . . 11-10
Choosing Complex Numbers or Vectors . . . . . . . 11-12

Contents-4



12.

13.

14.

Vectors
Displaying 2D and 3D Vectors
Entering 2D and 3D Vectors

Assembling and Taking Apart 2D and 3D Vectors .

Calculating with 2D and 3D Vectors . .
Additional Vector Commands
Choosing Complex Numbers or Vectors

Unit Management
Overview of the Units Application
Units and Unit Objects .
The UNITS Catalog Menu .
Creating a Unit Object
Using Unit Objects in Algebralcs
Converting Units
Using the UNITS Catalog Menu
Using CONVERT . .
Using the CST Menu . . . .
Using UBASE (for SI Base Umts) .
Converting Dimensionless Units of Angle .
Factoring Unit Expressions .
Calculating with Units . .
Working with Temperature Umts .
Converting Temperature Units
Calculating with Temperature Units .
Creating User-Defined Units .
Additional Commands for Unit ObJects

Binary Arithmetic

Setting the Wordsize

Setting the Current Base .

Entering Binary Integers . .
Calculating with Binary Integers
Additional Binary Integer Commands

12-1
12-4
12-5
12-8
12-14
12-15

13-1
13-2
13-2
13-3
13-7
13-8
13-8
13-9
13-10
13-11
13-12
13-13
13-14
13-17
13-17
13-18
13-21
13-22

14-1
14-2
14-3
14-3
14-4

Contents-5



15.

Customizing the Calculator
Using Custom (CST) Menus
Creating a Custom Menu
Enhancing Custom Menus
Creating a Temporary Menu
Defining the User Keyboard
Selecting User Modes
Assigning and Unassigning User Keys
Disabling User Keys . . .
Recalling and Editing User Key As51gnments .
Setting Calculator Modes Coe
Using the MODES Menu
Using System Flags .

Part 3. Power Tools

16.

17.

The EquationWriter Application
How the EquationWriter Application Is Organized
Constructing Equations
Entering Equations .
Controlling Implicit Parentheses
EquationWriter Examples
Editing Equations .
Backspace Editing
Command-Line Editing .
Inserting an Object from the Stack

Replacing a Subexpression with an Algebralc ObJect

Viewing and Editing Objects with the EquationWriter
Application . . Coe

The HP Solve Application
The Structure of the HP Solve Application .
Using Equations, Expressions, and Programs .
Specifying the Current Equation
Entering a New Current Equation .
Reusing an Existing Equation .
Summary of SOLVE Menu Operations .
Solving the Current Equation . .
Finding a Solution
Checking the Solution . .
Finding Other Solutions .

Contents-6

15-1
15-1
15-3
15-4
15-5
15-5
15-6
15-9
15-10
15-10
15-11
15-12

16-2

16-4

16-5
16-11
16-12
16-16
16-16
16-17
16-21
16-22

16-23

17-2
17-3
17-3
17-4
17-6
17-11
17-12
17-12
17-16
17-17



18.

Using Guesses .

Summary of SOLVR, Menu Operatlons .
Interpreting Results .

When a Solution is Found

When No Solution is Found .
Choosing the HP Solve or Plot App]lcatlon .

Using the HP Solve Application with Unit ObJects

Customizing the SOLVR Menu

Solving Two or More Equations .

Finding the Solution of a Program

How the HP Solve Application Works
How the Root-Finder Uses Initial Guesses
Halting the Root-Finder .
Displaying Intermediate Guesses .
How the Menu of Variables Is Created .

Basic Plotting and Function Analysis

The Structure of the Plot Application . .
Using Equations, Expressions, and Programs .
Specifying the Current Equation and Plot Type .

Changing the Current Equation and Plot Type .

Summary of PLOT Menu Operations
Setting Plot Parameters and Drawing the Plot
Specifying the Independent Variable .
Setting the Display Ranges or Scaling
Resetting Plotting Parameters
Drawing the Graph .
Choosing Connected or Dlsconnected Plottmg
Summary of Basic PLOTR Menu Operations .
How DRAW Plots Points o
Plotting Two or More Equations
Working in the Graphics Environment .
Working with the Plot . .
Using Zoom Operations
Analyzing Functions . . .
More about Function Analys1s

17-17
17-17
17-18
17-19
17-21
17-22
17-23
17-25
17-27
17-30
17-31
17-32
17-32
17-33
17-33

18-2
18-4
18-4
18-5
18-7
18-8
18-9
18-9
18-10
18-11
18-14
18-15
18-17
18-18
18-19
18-22
18-22
18-25
18-32

Summary of Zoom and Function Analys1s Operatlons 18-34

Contents-7



19. More about Plotting and Graphics Objects

Refining Plots . . . . R 19-1
Using Plotting Range 1nstead of Dlsplay Range R 19-1
Specifying Axes and Labels . . . . C e 19-2
Specifying Resolution . . . e 19-3
Summary of Plot-Refinement PLOTR Menu

Operations . . . C e e e e 19-5

Understanding the PPAR Varlable C e e e 19-6

Using Plot Coordinates . . . . . . . . . . . . .. 19-8

Changing the Size of PICT . . . . . . . . . . . .. 19-9

Choosing Plot Types . . . . . . . . . . . . . .. 19-12
Function Plots . . . . . . . . . . . . ... .. 19-14
Conic Sections . . . . . . . .. . .. .. .. 1914
Polar Plots . . . . . . . . . .. . .. ... .. 19-16
Parametric Plots . . . . . . . . . . . . .. .. 1917
Truth (Relational) Plots . . . . ... 19-18

Plotting Programs and User-Defined Functlons oo 1920

Plotting with Units . . . . . . . . . . . . . .. . 1921

Drawing Statistical Plots . . . . e o s o192

Adding Graphical Elements to PICT Ce . 19-22
Adding Elements Using the Graphics Env1ronment . 19-22
Adding Elements Using Commands . . . . . . . . 19-25

Working with Graphics Objects on the Stack . . . . . 19-26
Using Stack Operations in the Graphics Environment  19-26
Using Stack Commands for Graphics Objects . . . . 19-27
Using Stack Commands with PICT . . . . . . . . 19-30

20. Arrays

Displaying Arrays . . . . . . . . . . . . . . . .. 20-1

Entering Arrays . . e 20-2
Using the Mabanmter Apphcatlon e 20-2
Using the Command Line . . . . . . . . . . . . 20-5

Viewing and Editing Arrays . . . . . . . . . . .. 20-6

Calculating with Arrays . . . . . . . . . . . . . . 209

Calculating with Complex Arrays . . . . . . . . . . 20-13

Calculating with Algebraic Syntax . . . . . . . . . 20-15

More Matrix Commands . . . C . . . . . . . 20-16

Advanced Topics Relating to Matrlces Co. ... ... 20-18

Contents-8



21.

22.

Statistics
Organizing Statistical Data .
Setting Up the Current Statistical Matrrx
Entering Statistical Data .
Editing Statistical Data .
Summary of Data-Entry STAT Menu Operatrons
Using the Statistics Catalog
Calculating Single-Variable Statistics
Getting Sample Statistics
Getting Population Statistics . .
Calculating Paired-Sample Statistics . .
Plotting Statistical Data . )
Plotting Scatter Plots
Plotting Bar Charts .
Plotting Histograms . .
Summary of Plotting Commands
Calculating Summation Statistics .
Calculating Test Statistics
Understanding the Statistics Parameter Varlable

Algebra

Finding Symbolic Solutions
Isolating a Single Variable
Solving Quadratic Equations .

Getting General and Principal Solutrons .
Showing Hidden Variables

Summary of Commands for Symbohc Solutrons .

Rearranging Terms
Collecting Like Terms .
Expanding Products and Powers

21-1
21-2
21-2
21-4
21-4
21-5
21-8
21-8
21-10
21-10
21-13
21-14
21-15
21-17
21-18
21-19
21-20
21-23

22-1
22-2
22-3
22-5
22-7
22-8
22-8
22-9
22-9

Summary of Commands for Collection and Expansron 22-11

Using the Rules Transformations
Making User-Defined Transformations .
Using the | (Where) Function .

22-11
22-23
22-25

Contents-9



23. Calculus

Differentiating Expressions .
Differentiating Step-by-Step
Differentiating Completely .
Differentiating User-Defined Functions .
Creating User-Defined Derivatives .

Summing Finite Series . ..

Deriving Taylor’s Polynomial Approxnnatlons

Integrating Expressions
Doing Symbolic Integration
Doing Numeric Integration .

More about Integration . .
How the HP 48 Does Symbohc Integratlon .
The Accuracy Factor and the Uncertainty of

Integration

24. Time, Alarms, and Date Arithmetic
Using the Clock (Date and Time) .
Displaying the Date and Time
Setting the Date and Time .
Summary of Date and Time Operatlons
Setting Alarms .
Using Appointment Alarms
Using Control Alarms
Stopping Repeating Alarms
Summary of Alarm Operations
Reviewing and Editing Alarms
Using Alarms in Programs .
Calculating with Dates and Times
Making Date Calculations .
Making Time and Angle Calculatlons

Part 4. Programming

25. Programming Fundamentals
Understanding Programming .
The Contents of a Program
Calculations in a Program
Structured Programming .

Where to Find More Informatlon
Entering and Executing Programs .

Contents-10

23-1
23-1
23-3
23-4
23-4
23-5
23-8
23-10
23-10
23-14
23-18
23-18

23-18

24-1
24-2
24-2
24-4
24-5
24-5
24-9
24-9
24-11
24-12
24-15
24-17
24-17
24-18

25-1
25-2
25-4
25-4
25-5
25-6



26.

27.

Viewing and Editing Programs
Creating Programs on a Computer
Using Local Variables
Creating Local Variables . .
Evaluating Local Names .
Defining the Scope of Local Varlables
Creating User-Defined Functions as Programs
Manipulating Data on the Stack
Using Subroutines . .
Single-Stepping through a Program

Tests and Conditional Structures
Testing Conditions
Using Comparison Functlons
Using Logical Functions
Testing Object Types .
Using Conditional Structures and Commands
The IF... THEN...END Structure
The IFT Command . . .
The IF...THEN...ELSE.. END Structure .
The IFTE Function .
The CASE...END Structure

Conditional Examples .

Loop Structures
Using Definite Loop Structures
The START..NEXT Structure
The START..STEP Structure
The FOR..NEXT Structure
The FOR...STEP Structure
Using Indefinite Loop Structures
The DO...UNTIL...END Structure .
The WHILE... REPEAT...END Structure .
Using Loop Counters .
Using Summations instead of Loops .

25-11
25-12
25-13
25-13
25-15
25-16
25-17
25-18
25-19
25-21

26-1
26-2
26-3
26-4
26-4
26-5
26-5
26-5
26-6
26-6
26-7

27-1
27-2
27-4
27-6
27-8
27-10
27-10
27-12
27-13
27-15

Contents-11



28. Flags

Types of Flags . . . e 28-1
Setting, Clearing, and Testlng Flags e oo 282
Recalling and Storing the Flag States . . . . . . . . 28-4
29. Interactive Programs
Stopping for Data Input . . . Ce e 29-1
Using PROMPT...CONT for Input S o 291
Using DISP FREEZE HALT...CONT for Input R 29-4
Using INPUT...ENTER for Input . . . . . . . . . 29-5
Beeping to Get Attention . . . . . . . . . . . . 29-12
Stopping for Keystroke Input . . . . . . . . . . . . 29-13
Using WAIT for Keystroke Input . . . . . . . . . 29-13
Using KEY for Keystroke Input . . . . . . . . . 29-13
Displaying Program Output . . . . . . . . . . . . 29-14
Labeling Output with Tags . . . . oo 29-14
Labeling and Displaying Output as Strlngs .. .. 2915
Pausing to Display Output . . . . . ... 29-16
Summary of Data Input and Output Commands .. 29-17
Using Menus with Programs . . . . . . . . . . . . 29-18
Using Menus for Input . . . . . . . . . . . . . . 2919
Using Menus to Run Programs . . . . . . . . . . 29-20
Turning Off the HP 48 from a Program . . . . . . . 29-23
30. Error Trapping
Causing and Analyzing Exrrors . . . . . . . . . . . 301
Trapping Errors . . e 30-4
The IFERR...THEN.. END Structure Ce e 30-4
The IFERR... THEN...ELSE...END Structure . . . . 30-5
31. More Programming Examples
Fibonacci Numbers . . . . . S 31-2
FIB1 (Fibonacci Numbers, Recurswe Verswn) .o 31-2
FIB2 (Fibonacci Numbers, Loop Version) . . . . . 31-3
FIBT (Comparing Program-Execution Time) . . . . 315
Displaying a Binary Integer . . . . . . . . . . . . 31-7
PAD (Pad with Leading Spaces) . . .. 31T
PRESERVE (Save and Restore Prev1ous Status) . 31-8
BDISP (Binary Display) . - 3 B A0
Median of Statistics Data . . . . . . . . . . . . . 31-14
SORT (Sort a List) . . . . . . . .. .. .. .. 3114
LMED (Median of a List) . . . . . . . . .. . . 31-16

Contents-12



MEDIAN (Median of Statistics Data)
Expanding and Collecting Completely .

MULTI (Multiple Execution) .

EXCO (Expand and Collect Completely)

Minimum and Maximum Array Elements

31-17
31-20
31-20
31-21
31-23

MNX (Minimum or Maximum Element—Version 1) 31-23
MNZX2 (Minimum or Maximum Element—Version 2) 31-26

Verification of Program Arguments .
NAMES (Check List for Exactly Two Names)
VFY (Verify Program Argument) . .

Bessel Functions .

Animation of Successive Taylor s Polynomlals
SINTP (Converting a Plot to a Graphics Object)
SETTS (Superimposing Taylor’s Polynomials)
TSA (Animating Taylor’s Polynomials)

Programmatic Use of Statistics and Plotting

Trace Mode .

Inverse-Function Solver

Animation of a Graphical Image

Part 5. Printing, Data Transfer, and Plug-Ins

32.

33.

Printing

Setting Up a Printer

Printing . . .

Doing Advanced Prlntlng

Setting Up a Serial Printer . .
Understanding the PRTPAR Varlable

Transferring Data to and from the HP 48
How the HP 48 Transfers Data . .
Types of Data You Can Transfer
Choosing a Transfer Model .

Setting the I/O Parameters .
Transferring Data between Two HP 48s

Transferring Data between a Computer and HP 48

Preparing the Computer and HP 48 .
Transferring Variables and Files
Backing Up All of HP 48 Memory .
Choosing and Using File Names
Receiving Data from Other Calculators

31-30
31-30
31-32
31-34
31-36
31-36
31-37
31-38
31-40
31-44
31-45
31-47

32-1
32-3
32-7
32-9
32-11

33-1
33-2
33-3
33-3
33-8
33-10
33-10
33-12
33-14
33-15
33-16

Contents-13



34.

Sending Kermit Commands .
Getting Information about Kermit Errors
Summary of Kermit Commands .
Sending and Receiving Data without Kermrt
Making a Serial Connection

Understanding ASCII Transfers . . .
Understanding the IOPAR Variable .

Memory, Plug-In Cards, and Libraries

Types of Memory . .

Installing and Removing Plug—In Cards (Not HP 488)
Preparing a New RAM Card . .
Installing and Removing RAM and ROM Cards

Using Plug-In Cards (Not HP 48S)

Using RAM Cards R
Using Application Cards .

Using Port 0 .

Merging, Freeing, and Protectrng Memory (Not HP 488)

Expanding User Memory (Not HP 48S) .

Backing Up Data . A
Backing Up Individual ObJects
Backing Up All of Memory .

Using Library Objects .

Creating Libraries . .
Setting Up Libraries .
Using Libraries . .
Summary of Library Commands

Part 6. Appendixes

A.

Support, Batteries, and Service
If Things Go Wrong .

Answers to Common Questlons .
Environmental Limits

When to Replace Batteries .
Changing Batteries .
Testing Calculator Operatlon .
Self-Test .

Keyboard Test

Port RAM Test . .

IR Loop-Back Test

Contents-14

33-16
33-17
33-17
33-19
33-22
33-22
33-24

34-1
34-2
34-2
34-5
34-8
34-9
34-10
34-10
34-11
34-14
34-15
34-15
34-18
34-19
34-20
34-20
34-22
34-23

A-1

A-6
A-6
A-7
A-11
A-12
A-13
A-14
A-15



S a v

&=

Serial Loop-Back Test .
Limited One-Year Warranty

If the Calculator Requires Service .

Messages

HP 48 Character Codes

Menu Numbers and Menu Maps
HP 48 System Flags

Comparing the HP 48 and HP 41
What’s the Same

The Stack

Calculations

Commands .

Memory

Programming . .

Operation Index

Index

A-16
A-17
A-18

F-1
F-2
F-5

F-8
F-10

Contents-15






Part 1

Building Blocks







Trying Out the HP 48

This first chapter gives you a chance to try a few
things with your HP 48. You’ll see how to do a
variety of basic tasks—using some of the tools
provided by the HP 48.

If you’re already familiar with using the HP 41 or
a similar RPN calculator, you may want to skip
ahead to appendix F, “Comparing the HP 48 and

HP 417

Here are some suggestions for using this chapter:

m Try the examples. They’ll give you a good idea of how you can use
the HP 48.

m Headings highlight the steps for doing certain tasks. You can
experiment, if you want—but the examples are probably your best
guide for trying things out.

m You can turn off the calculator at any time—when you turn it on
again, it’ll be ready to continue where you left off.

m If you run into trouble, see “If Things Go Wrong” on page A-1.

Note This chapter gives only selected information about
i the HP 48. See the other chapters to get more
ﬁ complete information.
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1 Looking It Over
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1. Stack levels 7. Backspace

2. Command line 8. Menu labels and keys
3. Enter command line 9. Message area

4. Alpha mode 10. Annunciators

5. Shift keys

6. On, off, attention
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10.

. Stack levels. The stack holds the data you’re currently working

with. Each numbered stack level holds one item of data, called an
object. The stack can have more levels than show in the display.

. Command line. Numbers and other text you type accumulate in

the command line. The command line is displayed only while
you’re using it.

. Enter command line. The key processes the text in the

command line.

. Alpha mode. The (o) key turns the alpha keyboard on and off.

You use the alpha keyboard to type letters and other characters.

Shift keys. The orange (&) (left-shift) key activates the operations
labeled in orange above most keys. The blue () (right-shift)

key activates the operations labeled in blue, plus other unlabeled
operations.

. On, off, attention. The key turns on the HP 48. After it’s on,

the key means “Attention!”—it deletes the command line and
stops whatever’s going on. You also use () and this key to turn
off the HP 48.

Backspace. If there’s a command line, («) deletes the character to
the left of the cursor. If there’s no command line, this key deletes
the contents of stack level 1.

. Menu labels and keys. The labels at the bottom of the display

show the operations for the six menu keys below.

Message area. This part of the display shows the name of the
current directory and any prompts and messages.

Annunciators. Annunciators indicate the current status of the
calculator, including shift-key and alpha status.

The keyboard contains labels for many operations. Some are printed
on the keys themselves—the “main” operations. Others are printed in
orange and blue above the keys—the “shifted” operations.

The following table lists the labels for the main and shifted operations
on the keyboard—plus it shows the row and position where each label
occurs, counted from the top and left. You may find this helpful while
you’re becoming familiar with the HP 48 keyboard—especially as you
try the examples in this manual.
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Keys and Their Row/Position Locations

ACOS
ALGEBRA
ASIN
ATAN
ATTN
CLR
CONT
cos

CST

DEF

DEL
DROP
EDIT
EEX
ENTER
ENTRY
EQUATION
EVAL

Bx

GRAPH
HOME
1/0

LAST ARG
LAST CMD

4,2
6,4
4,1
4,3
9,1
5,5
9,1
4,2
2,3
3,2
5,4
5,5
5,2
5,3
5,1
6,1
5,1
3,3
4,6
3,4
3,1
2,2
8,3
8,4

LAST MENU 84

LASTSTACK 8,3
LIBRARY 2,5
LN 4,6
LOG 4,5
MATRIX 5,1
MEMORY 2/
MODES 2,3
MTH 2,1
—NUM 3,3
NXT 2,6
OFF 9,1
ON 9,1
PLOT 6,3
POLAR 8,2
PREV 2,6
PRG 2,2
PRINT 2,1
PURGE 5,4
-Q 3,3
RAD 8,2
RCL 3,2
REVIEW 3,5
SIN 4,1
SOLVE 6,2
SPC 9.4

STAT
STO
SWAP
TAN
TIME
UNITS
Up
USR
VAR
VISIT

z2

B

7,3
3,2
3,6
4,3
7,2
7.4
3,1
6,1
2,4
5,2
4,4
4,4
4,4
4,5

4,6
4,5
5,3
5,3
5,2
9,5
8,5
7,5
6,5
9,2

—‘[lTP‘%QJM:‘Q

6,1
9,4
4,3
4,1
4,2
9,4
5,5
9,2
9,3
3,1
9,3
9,3
6,5

6,5
7,5
8,5
8,5
9,5
9,5
2,5
3,5
3,4
3,6

Getting Ready

To turn the HP 48 on and off:

m To turn it on, press (ON).
m To turn it off, press (®)(OFF)—that is, press the blue () key, then

press the key with the blue “OFF” label above it (the key).

To adjust the display contrast:

m To darken the display, turn on the HP 48, then hold down the
key and press (1)
m To lighten the display, turn on the HP 48, then hold down the
key and press ().
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The examples in this chapter assume the HP 48 is in its initial,
default condition—they assume you haven’t changed any of the HP 48
operating modes. (To reset the calculator to this condition, see “If

Things Go Wrong” on page A-1.)

Operating the Calculator

When you use the HP 48, you use commands to process numbers or
other objects and get results. Most of this action takes place in the
command line and on the stack.

Some commands are labeled on the keyboard—others are presented
in menus in the display. Your data might be numeric—or it might
contain algebraic variables or text.

General rule for executing commands:

1. Enter the arguments for the command, if any.
2. Execute the command.

An argument is an item of data—an object—that’s used by a
command to get a result. The number of arguments depends on the
command—some commands use no arguments, others use one or two
or more. For example, “addition” requires two arguments, “tangent”
requires one, and “set standard display” requires none.

The idea of entering two numbers and then executing “addition” —or
entering an angle and then executing “tangent”—may seem unusual
at first. But it’s part of a consistent and efficient operating scheme
that uses a stack-based syntax, sometimes called RPN (“Reverse
Polish Notation”). (This is somewhat different from earlier HP RPN
calculators, such as the HP 41, which prompted for information after
certain commands, such as STO and FIX.)

To enter more than one argument, you can press (ENTER) after each
argument—or you can press to include more than one argument
in the command line.
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Example: Turn on the HP 48, then add 12 and 34.

Type and terminate the first number.

12 (ENTER)

Type the second number.

34

12

Add the two numbers you’ve entered.

: 45
S e e A e

When you start to key in numbers or other data, the command line
automatically appears near the bottom of the display—and your input
shows up there.

When you execute a command—such as or in the previous
example—the command line disappears and the result shows up on
the stack. The stack is a sequence of storage locations in memory, and
the first few are shown in the display:

m As you enter numbers or other objects, previous objects move up to
higher levels of the stack.
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m As you delete objects from the bottom of the stack, the remaining
objects move down.

m As you execute commands, they remove objects from the bottom of
the stack and replace them with the results.

m The number of existing stack levels changes according to the
number of objects present—from 0 to hundreds or more.

To delete the command line:

m Press (ATTN). (That’s the name of the key while the calculator
is turned on.)

To delete the object in level 1 of the stack:

m Press («) or (&9)(DROP), but only if there’s no command line.
(DROP is above the («) key.)

To clear the whole stack:

m Press ()(CLR). (CLR is above the (&) key.)

Objects are kept on the stack until you use or delete them. It’s a good
idea to clear the stack occasionally to recover memory.

Example: Enter four numbers and add the last two, then delete the
result and clear the stack.

Clear the stack and enter 12, 34, 56, and 78.

@R L HOME }

12 (ENTER) 34 (ENTER) 56 (ENTER) 78 T 15
Pt 3
L. -
[PAETE] PROE [ HYP [HATE[VECTE] ERSE |

Add the last two numbers.

{ HOME }
LY
3 12
2 34
1: 134
[PAFTE] PROE | HYP [MATE [VECTR] ERZE |
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Delete the result.

®

Clear the whole stack.

12
34

@ i1 HOME }

4:

oH

%:

[PRRT3] FRUE | 1P [MATRIYECTR] EASE
To correct what you’re typing in the command line:

1.

Start typing a number or other object.

2. If necessary, press («€) or (®) to move the # cursor to the error.

4.

To

1.
2.

(You can use (A) and (¥) if the command hne has more than one
line—if the command line disappears when you press (&) or (¥),

press to recover.)

. Delete the error:

m To delete the character to the left of the cursor, press (e).
m To delete the character under the cursor, press (DEL).
Type the correct characters.

edit the object in level 1 of the stack:

Press (43) (EDIT)

Edit the displayed information. Press (€ or (») to move the cursor.
Press or (#) to delete characters. (You can use (A) or (V) if the
object has more than one line.)

Press to save the changes (or press to discard
them).

Example: Enter the number 5045.661, then change the “04” to “40”.

Enter the number.

5045.661 (ENTER) 23
1 oH45. 661
PRET=] PROE | HYP | MATRIVELTR] EAZE |
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Start editing the number.

(«)(EDIT
4845, 661
[£3EIP[SKIP# £DEL [DEL+ | INZ u[+3TE]

Make the changes.

() GED EGED 40

o546+, 661
[£ 5KIP[sKIPH[ £UEL [UEL 3 [ IN3 [ +3Th

Save the changes.

2:
94H5. 661

[PAETE] PEOE | HYP [MATE]MECTR] ERZE ]

To get back to the stack display at any time:

m Press (ATTN). In certain situations, you may have to press it more
than once.

To view the whole stack:

1. Press (A) while the stack is displayed and no command line is
present.

2. To see other levels of the stack, press (&) and (¥).

3. Press to return to normal operation.

Viewing the stack this way doesn’t change the contents of the stack in
any way.

To use a menu command:

1. Press the key or keys that get the menu you want.

2. If necessary, press or ()(PREV) to get to the menu page for
the command you want.

3. If the command requires data, enter the data. (You can do this
before you get the menu, if you want.)

4. Press the white menu key below the label for the command. (In
this manual, normal menu labels and menu keys are shown like

THIE )
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Many HP 48 commands are contained in menus—groups of operations
labeled across the bottom of the display. The (MTH), (PRG), (CST), and
keys get certain menus. In addition, shifted keys with orange
labels on darker backgrounds get other menus, such as (49)(MODES).

Some menus contain other submenus—such as the MTH (math) menu.
If a menu label has a “bar” over the top-left corner, it gets a submenu.
For example, in the MTH menu, FAETE gets a submenu. Some
menus contain more than six entries—so those menus have more than
one “page” of labels. For example, the MTH PARTS menu has four

pages—press to see each page.

To go from a submenu to any other menu, just go to the new menu
directly—you don’t go back “up” from a submenu.

Example: Find 15 percent of 145. The % command is in the MTH
PARTS menu.

Clear the stack and enter 145 and 15. Then get the MTH menu.

2)(CR) 1: 145
145 15

MTH

15+
[PET] PROE | HYP_|MATE |VECTR] EASE |

Get the PARTS submenu, find the % command, and calculate 15% of
145.

ot
1: £1.7a
I G TN N T

Example: Find 6! (6 factorial). The ! command is in the MTH
PROB menu.

Clear the stack and key in 6. Then get the MTH PROB menu.
@R I

6 (MTH) FE b4
- [COHE[PERM] ! [RAMD] RDZ | |
Execute the ! command to find 6!.
o
1: 7ch
[COME[PERM] ¢ [RAWD] ROZ [ |

1-10 Trying Out the HP 48



To type letters and other characters:

m To type an individual letter, press (@), then press the key with that
letter next to it.

m To type a sequence of letters, press (o) (@), press the sequence of
letter keys, then press (a). (If you press to immediately
enter the command line, you don’t need the final (a).)

m To type any number of letters, hold down (@), press the letter keys,
then release ().

The d annunciator at the top of the display turns on while the
“alpha” keyboard is active. If you press (a) twice, the d locks on until
you press (o) again or process the command line.

Letter keys are labeled in white to the right of the keys. When d is
on, the letters are active. You can type numbers with d on or off.

You can type commands and other kinds of information
letter-by-letter, as you’ll see throughout this chapter. In the examples
in this manual, characters you type are shown only as “ABC”—but to
type them, you have to use (@), such as

@A@B@@C
@@ABC@
(@) (hold) A B C (release)

To enter any type of object:

1. Type the delimiters for the type of object you’re entering, if any.
2. Enter the information by pressing command keys or typing
characters.

3. Press (ENTER).

Each type of object represents a different kind of information. Here’s
a partial list of different types of objects and their corresponding
delimiters—the punctuation that defines the type of object.
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Objects Delimiters Examples
Real Number none 14,75
Complex Number i 1 (parentheses) Sl
String " 1 (quotes)
Array [ 1 (brackets) Cd.8-1.38.11
Umit (underscore) 11.5_ 1%
Program % % (program quotes)
Algebraic © ' (tick marks)
List + = (braces)
Built-In Command none
Name none or

" (tick marks)

Most commands work with several types of objects—so you have
fewer commands to remember. For example, you can add more than
just numbers—the + command works with real numbers, complex
numbers, arrays, strings, algebraic objects, and others.

Example: Enter the two text strings “HELLO” and “ WORLD”,

then combine them.

Clear the stack and enter the first string. (Remember: Use (@) when
you type the letters below.)

)(CLR) 21

HELL 1: "HELLO"
@D © [EOME[PERH] ! |RAWD] ROZ | |

Enter the second string—notice it starts with a space. (Use (@) when
you type the letters below.)

@)("7) GFQ) WORLD 2 HELLO"

1 =
im-mmlml-|

Combine (add) the strings.

=
1: "HELLO WORLD"
| T = O T T |
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Using Memory

Although the stack can contain many pieces of information—many
objects—the most convenient place to store information for later

use 1s in variables. A variable is just a place in memory where an
object is stored—any type of object. So a variable can contain a single
number—or it can contain a complex program.

Each variable has a name you give it. You use the name to identify
and access the object stored there.

(A variable is similar to a register in earlier HP calculators, such as
the HP 41—except that a variable has a name you give it and can
contain any type of object, even a program.)

To store any type of object in a new variable:

1. Enter the object.
2. Press () and type a name for the variable. (Use the (@) key as
required—make sure the d annunciator is off when you’re done.)

3. Press (STO).

You can use descriptive names for variables. A name can be as short
as one letter—or as long as 127 characters. Names can’t be the same
as built-in commands and can’t start with numbers.

Example: Find the square root of 2 and store the value in a variable
named N1.

Clear the stack and find the square root of 2.

@)(CR) 2
1: 1.41421356237

2 (&x
[COME[FERM] ! JRAMD] K02 ] |

Key in the name NI. (Use (o) when you type the letter below. Make
sure the d annunciator is turned off at the end of this step.)

@Y }

1. 41421356237

Store the result.

STO b
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To store any type of object in an existing variable:

1. Enter the object.
2. Press (VAR).

3. Press(9) = for the name of the variable you want.
(Substitute the desired menu key for  rizpea )

The VAR (variable) menu contains names of existing variables.

To recall a stored object:
m Press (VAR), then press () niame for the name of the variable.

or

m Press () and type the name of the variable, then press ()(RCL).

To “use” a stored object:

m Press (VAR), then press rizme for the name of the variable.
or

m Key in the name of the variable (without () tick marks) and press
(ENTER).

For numbers and other data-type objects, “using” an object simply
means recalling its contents. For a program, “using” means running
the program.

Example: Store the width and length of a 3-by-b rectangle in W and
L, then use those values to find the area. Store the result in existing
variable N1.

Enter and store the width and length. (Use (@) when you type the
letters below.)

3

()L (sTO f} _""ME 2

5 3

() W (To 2
1
[-0rE [PERM] ¢ [ReND ] ROZ | |

Recall the two values.

b o 3

1: 9
[ W [ L [ W1 [ [ [ ]
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Multiply to find the area.

) 2:

Store the area in existing variable N1.

Recall the area from NI.
1: 15
| I O O N I N

To edit (“visit”) a stored object:

1. Press ().

2. Press (VAR), then press riame  for the name of the variable.

3. Press ()(VISIT).

4. Edit the displayed information. Press (<€), (), (4), and (¥) to move

the cursor. Press or (¢) to delete characters.
5. Press to save the changes (or press to discard
them).

Example: Store the text string “BEGINNER” under the name TXT.
Then change it to “WINNER”.

Clear the stack and enter the text string in quotes. (Use (o) when you
type the letters below.)

()(CLR) 1: "BEGIMNNER"
@) () BEGINNER T T O Y O N

Store the text in TXT'. (Use (@) when you type the letters below.)

@E it |
LT87 | W [ L [ W1 ] [ |

Get ready to edit the stored object. (Press if you don’t see the
TXT menu label.)

) TE +BEGIMMER"
@) ED) [#SKIFJ:KIP3T£DEL | LEL® | IN3 s|3TE]
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Move the cursor to the first letter, then delete the first three letters
and insert the new one. (Use (@) when you type the letter below.)

®) w "|J4NNER"
[£EHIP[EKIP £ DEL [DEL [ NS u[+-TH]
Save the changes.

To delete a stored object (the variable):

1. Press ().
2. Press (VAR), then press riams for the name of the variable.

3. Press (&9)(PURGE).
Example: Delete the text string stored in variable TX7T'.

Enter the name of the variable. (Press if you don’t see the TXT
menu label.)

1:
THT 4
| N I I IO I |
Delete the object—and the name disappears from the menu.
() (RURGE) 2
|-!-lI[I---|

To delete all stored objects (all variables):

1. Don’t do this if there are any stored objects you want to keep.

2. Press (»)(PURGE) (right shift).
3. Press to delete them (or press to not delete them.)
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Ways to Solve Problems

You can use the HP 48 to solve problems in different ways. The next
several topics introduce some of them:

Doing numeric keyboard calculations (page 1-17).
Doing algebra (page 1-22).

Solving equations for unknown values (page 1-29).
Getting answers graphically (page 1-33).

Making your own functions (page 1-39).
Programming (page 1-40).

Doing Numeric Keyboard Calculations

Numeric keyboard calculations are handy for one-time problems
involving strictly numeric results. You can do stack-based calculations
(described on the next few pages) and algebraic calculations (described
after that). (These calculations also illustrate the basic syntax for
other HP 48 commands.)

See “Using Memory” on page 1-13 to find out how to store and recall
objects, such as numbers.

To calculate with two numbers:

Enter the first number.
Press (ENTER) (or (SPC)).
Enter the second number.
Press the command key.

N N

Example: Calculate 45 x 78.

45 X 1: 3514
[ W [ L [W [ [ [ |

Example: Calculate 20~2.

20 2 9 1: . B2
O T O O N

Trying Out the HP 48 1-17




Example: Calculate the percent change from 88 to 99.

88 (ENTER) 99 1: 12.5
(MTH) FRETS (NXT) HOH [HIN [ Mits [ MO0 ] & | oH [ 1 ]

To calculate with one number:

1. Enter the number.
2. Press the command key.

Example: Calculate &<

62.5 1: Hl6
|m:mmmmlnm-|

Example: Calculate /166.

166 1: 12. 8848987267
I A T O N T

To use previous results (with no command line):

m To use the result in level 1 with a one-number calculation, press the
command key.

m To use the result in level 1 with a two-number calculation, enter the
second number, then press the command key.

m To use the results in levels 1 and 2 with a two-number calculation,
press the command key.

m To swap the numbers in levels 1 and 2, press () or () (SWAP).

Example: Calculate 12+ 13 + 14.

12 (ETER) 13 D 1 @ 1 39
[ MIM | MAs [ MO0 | = | %CH | 5T ]

Example: Calculate v/5 — 1.

5 1) 1: 1. 2368679775
[ MM [ B[00 ] = [ i | =T |
Example: Calculate m (Pressing () swaps the numerator into

level 2 before pressing (3).)

06 (ENTER) 14.5 (%)
15 (ETER) &) @

1-18 Trying Out the HP 48



To key in large and small nhumbers (powers of 10):

1. Key in the mantissa. Press if the mantissa is negative.

2. Press (EEX). (It types an E for “exponent.”)
3. Key in the exponent—the power of 10. Press if the exponent

1s negative.

For a number like —1.602 x 1071°, the mantissa is —1.602 and the

exponent is —19.

Example: Find the number of molecules in 13.5 grams of sodium
hydroxide (NaOH). The solution is Ng X m /MW, where Ny is
Avogadro’s number (6.022 x 1023), m is 13.5, and MW is the sum of
the atomic weights of sodium, oxygen, and hydrogen (23, 16, and 1).

Clear the stack, then enter Avogadro’s number.

@ED
6.022 (EEX) 23

Multiply by 13.5.
13.5 (x)

Add the first two atomic weights.

23 (ERTER) 16 @)

Add the third atomic weight to the previous result.

1@

Divide the two values already on the stack.

®

i
1: b.BECEZ3
[ PN [ MAs 00 ] = [ =H | =T |

i
1: 8. 1297E24
| T TR T A T T |

1:
T A T O |

2t 8. 1297E24
39

1:
| I T T R TN I |

s 8. 1297E24
46

I 2. B32425E23
T e e
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To enter the value of =:

1. Press ()(m).
2. Press (o) (=NUM).

7 is normally expressed as a symbol—you have to press (%) (=NUM) to

get a numeric value.

Example: Calculate the value of 27.

Clear the stack, enter 2, and enter the value of 7. (You don’t have to

press (ENTER).)
()(CLR)

2
@@ @)ENm)

Multiply the two numbers.

®

To calculate “algebraically”:

1. Press (7).

2. Enter the numbers, operators, and parentheses in left-to-right
order. Press () to skip past right parentheses.

3. Press (EVAL) (or press (»)(=NUM) if the expression contains 7 or

other symbolic constant).

Example: Calculate 2072.

(20092 |'2E1"-2' '
[ MIN | MR [ MO0 ] | oA ] =T ]

Evaluate the expression.

1: . HHZS
[HIN | Fifi [ MO0 | & | sch [ 5T |

Example: Calculate 12 4 13 + 14.

Ol BE M '12+13+14'
|mnln1mnmnnm|

Evaluate the expression.

1: 39
[MIN [ MAs [ean | = | scH | =T |
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Example: Calculate v/5 — 1.

1
O®5s1 '[5-1"
IGICH T TN A N
Evaluate the expression.
(EVAL) 1: 1. Z36H6/I775
IGICH IGTER ECTTN B N T

Example: Calculate m.

OB EO®E@OQ 06069145 '15-(, B6*14.5) '
|nmnmnmnm|

Evaluate the expression.

(EVAL) 1: 17, 2413793163
[MIN [ M (MO0 ] & | %iH [ =T |

To set the angular units for trig functions:

m To switch from degrees to radians, press (q)(RAD).
m To switch back to degrees, press (&9)(RAD).

At the top of the display, + shows that radians are active—no
annunciator means degrees are active. If you’re a calculus student, you
may want to have radians active.

To change the display format for numbers:

m For “standard” format, press ((@)(MODES) =TL: .
m For n decimal places, enter the number 7, then press («9)(MODES)
Fils .
m For scientific format, enter the number of decimal places, then press
(@)(WODES) &L
m For engineering format, enter the number of digits after the first

one, then press @m

m To change the fraction mark to perlod (+) or to comma (), press
(«9)(MODES) () (PREV)

In “standard” format, all numbers are shown with full precision—
all significant digits after the decimal are displayed. Internally, full
precision is always maintained, regardless of the display format.
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Example: Calculate e°. Then display. it with 2 decimal places, in
scientific format with 4 decimal digits, and with full precision.

Clear the stack and find e®.

@)(CR) 1: 148.413159163
oG [HIN [ M [ Hoe | ] ek [ 1]

Change to 2 Fix format.

2 () (MODES) F 1 1: 148, 41
[=T0 | Fiii 8] i | ENG | 5V a[EEERS]

Change to 4 Sci format.

Change to Standard format.

1: 148. 413159143
(70 u] Fii [ 501 [ENG ] svria[EEERs

Doing Algebra

You can do symbolic math on the HP 48—meaning you can calculate
with symbols, as you do in algebra. So you can write equations on
the HP 48, you can solve equations for certain variables, and you can
“plug in” values and get numeric results.

Algebraic notation that contains an = sign is called an equation.
Notation that does not contain an = sign is called an exzpression. For
example, 2 + y? = r? is an equation, and 1 + z? is an expression.

You use algebraic objects to represent expressions and equations. You
create them as described below. You store and recall them the same
way you store and recall numbers—see “Using Memory” on page 1-13.
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To enter an expression or equation using the EquationWriter
application:

1. Press (&) (EQUATION)

2. Key in the numbers, variables, operators, and parentheses in the

expression or equation.

m To key in a fraction, press (&) to start the numerator. Press (»)
to end the numerator—and again to end the denominator.

m To end each subexpression of an operator, press (). (See the
explanation below.)

m To correct a nearby typing mistake, press () one or more times.
(The X busy annunciator may turn on.)

m To recover from a major mistake, press and start over.

3. Press (or press to discard the entry).

In the EquationWriter application, the arguments of algebraic
functions are called subexpressions. Most subexpressions appear inside
parentheses—some are displayed graphically, such as the subexpression
for “square root.” You press () to end a subexpression and continue
with the rest of the expression or equation.

Example: Use the EquationWriter application to enter this
stress-analysis equation

t

sin(2¢) = ——
(sxgsy)2 —|—t2

Clear the stack and start the EquationWriter application. (If you
make a mistake entering the equation, see step 2 above.)

@EE
(<) (EQUATION)

[ST0 s Flx | 50l | ENG vt a[EEEPS
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Key in the left side of the equation. (Use (@) when you type the letters
in the equation.)

24 (&)
SINCZ-AIO
[ST0w] Fi [ SC1 | ENG [3VH s[EEEP]
Key in the equal sign and the numerator of the fraction.
®2E)
DT :
SINCZH) i

|ﬁﬂﬂlﬂ:ﬂmﬂ:ml

Key in the square root and start the parenthetic expression.

=0 SIN(Z R) =
[im
[ST0 ] Fiit | 5C1 | EWG [ 2V =[EEERH]
Complete the inner fraction and end the parentheses.
A)SX(=)SY ()
e SIN(Z A) =
) [SH—SY]D
i
[ =10 m] Fitt [ sCi | EMG [V s[EEERu]]
Key in the power, then complete the equation.
200)
TED?2 T
SINCZRA) =
S-6Y) 720
mmﬁfﬂm

1-24 Trying Out the HP 48



Enter the equation on the stack—it appears in symbolic form.

12 'SINCZ#RI=T~J(((5H-
ST 1202+ !
[5T0 o] Fi | 5Ci | ENG [50M aleEERs

Store the equation using the name MOHR. (Use (&) when you type the
letters below.)

() MOHR (57G)

Press to see the MOHR label.

To enter an expression or equation in the command line:

1. Press (7).

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.

3. Press (ENTER).

Example: Use the command line to enter the expression
1/(27) x v/G/L.

Key in the first fraction.

28 hx [2%q) !
2
BO2HOHD® [MOHR] W [ L [ W1 | |
Key in the square root term.
¥EH@OQCEL 1:
"1CZen) =] (Gl
[HoHE] W | L [ W1 [ |
Enter the expression on the stack, then store it using the name FREQ.
g
FREQ (ST0) 1:
O Q&) (FRECJMOHR] W [ L [ N1 | |
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To edit an expression or equation:

m If it’s in level 1, press («q)(EDIT). After editing, press to
save the changes (or press to discard them).

m If it’s stored, press (7), press rmarms  for the name, and press

(2)(VISIT). After editing, press to save the changes (or
press to discard them).

You can edit expressions and equations the same way you edit other
objects. See “Operating the Calculator” on page 1-5 and “Using
Memory” on page 1-13.

To do symbolic math:

m To use a command with one argument, key in the algebraic object
(the expression or equation), press (ENTER), and press the command
key.

m To use a command with two arguments, key in the first algebraic
object, press (ENTER), key in the second, press (ENTER), and press
the command key.

m To use algebraic objects already on the stack, press the command
key.

You make symbolic calculations the same way you make numeric
calculations—except you can use algebraic objects instead of just
numbers.

Example: Use symbolic math to create the equation y = 1 — e~ %%,

Starting at the left, enter y and the number 1. (Use (@) when you type
the letters in the equation.)

O Y @7 2: v
1- H
m [FREG [MOHE] W [ L | W1 | |

Enter the argument —ax.

OO A ® X ETER) 3: v

1: '—H*y !
[FREG [MOHR] W | L [ W1 [ |
Calculate e %%,

@ 35 IlTll

o 1
1: 'ERP(—f#R)
[Frec[moel W [ 1 [H1 T ||
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Subtract to calculate 1 — e=%%.

9 E= 1 'Tl 1
I: '|-ERP (A=)
[FEEGJMOHE] W | L [ N1 | |

Form an equation from the two expressions.

B3 2:
1: '=1-EXPL-A*x) '
| T T T P |

To solve an equation for a variable:

1. Enter or recall the expression or equation to level 1 of the stack.
Press (), enter the name of the variable to solve for.

Press (€)(ALGEBRA) 1501
Optional: To create the varlable named on the left-hand side of the
equation and store the right-hand expression there, press («q)(DEF).

N

ISOL requires that the variable appear in the equation only one time.
(If the variable appears more than once, you may be able to simplify
the equation—see the instructions following the next example. If the
equation is linear or second-order in a variable that appears more than
once, you can use QUAD to solve for the variable.)

The inverses of many functions have more than one value. If your
equation contains such functions, you normally get the general
solution—it may contain variables such as nf or sI representing
arbitrary integers or signs.

Example: Solve for Ty in the following heat transfer equation, then
create variable TH containing the resulting expression:

q

U= i
A(Tg —Tr)

Clear the stack and type the equation. (Use (@) when you type the
letters below.)

D]E)

=
Is)
:C>
d
]
Z

A
U Q e

[FREGJMOHE] W | L | W1 | |
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Enter the equation and specify the variable name to solve for. (Use (o)
when you type the letters below.)

1+ 'U=0sCReCTH-TL) )
(O TH ' THe
[FRER [MOHE] W [ L | W1 | |

Solve for the variable.

(€ (ALGEERA) 1: TH=O ALY
[COLCT] EXPA | 1Z0L [GUAD | SHOM [THYLE]

Create variable TH from this equation, then recall it.

(w)(DEF) 1: 'O-U-A+TL!
(VAR) TH [ TH_[FREG[MOKE] | L | NI |

To simplify an expression or equation:

1. Press () (ALGEBRA)

2. Simplify the expression or equation:
m To expand products and powers for further simplification, press

¥ one or more times.
] To collect and combine like terms, press £

To evaluate an expression or equation:

1. Enter or recall the expression or equation to level 1 of the stack.

2. Press (EVAL). (To get a strictly numeric result, press (¢»)(=NUM)
instead—or after (EVAL).)

When you evaluate an expression or equation, current values of
existing variables are substituted for their names. If a name doesn’t
exist as a variable, the name i1sn’t replaced. Normally, built-in HP 48
constants, such as 7, are evaluated only if you press (¢)(=NUM).

Example: Express sin(27ft) in terms of 7 and as a numeric value,
where f=2100 and ¢t=0.0003. (The calculation assumes the angular
units are radians.)

Clear the stack and enter the expression. (Use (&) when you type the
letters below.)

@ED
OE:@0@@BF DT

1: 'SINCZ#qsf=T) !
| TH [FREG[MORE] W] L | W1 |
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Create the variables F' and T with the given values. (Use (o) when
you type the letters below.)

2100 (ENTER) () F (5TO) 1: IGINC(Z*m#F=T)!
.0003 (ENTER) () T (STO) LT | F [ TH [FREG[MOHE] I |

Set Radians mode, then evaluate the expression.

QEED) 1: |SINCZ#w<2108+. 0263

(EVAL)
L T [ F [ 7H [FREQ[MOHR] W |
Simplify the expression.

() (ALGEBRA) LHILET 1: IGINCL. 2E%!
[COLCT] EPA | 1200 | GUAD | SHO |TAYLE]

Express the answer as a numeric value. (If you didn’t need the answer

in terms of 7, you could have skipped and EELET.) Then
change back to Degrees mode.

()(=num) 1: -. 728968627419
(\)(RAD) [OLET] EXPA [ 1200 [GUAD [ SHOW [TAYLE]

Solving Equations for Unknown Values

If you want a numeric solution for an unknown in an equation, you
can use the HP Solve application. You can solve for a value of any
variable without changing the equation. This means you don’t have to
solve for the variable symbolically.

If you solve an equation, the HP 48 tries to make the difference
between the two sides equal to zero. If you solve an ezpression, it tries
to make its value zero.
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To set up a new equation or expression for solving:

1. Enter the equation or expression on the stack.

2. Press («q)(SOLVE).

3. Get the equation or expression:
m To store a copy of the equation or expression for future use,

press ¥, type a name for it without pressing (a), and press
(ENTER).
m To not store a copy, press HTER .
4. Press millL ¥E.

The SOLVR menu that’s created has “white” menu labels for variables
in the equation or expression. The white labels mean that the SOLVR
menu works differently from the VAR menu—as described below.

To store a value in a variable:

1. Enter the value
2. Press menu key
desired menu key for

-~ for the variable name. (Substitute the

-

To solve for an unknown value:

1. Make sure you store values in all variables. (You don’t have to
store a value in the one you want to solve for.)
2. Press (&) or the variable name to solve for.

The message Zgro or Siam Eeverzal at the top of the display
means a solution was found. A different message means you should
evaluate the problem further.

You can solve an equation or expression over and over—for different
known values, and for different combinations of known and unknown
variables—as shown in the following example.

Example: Find the inductance required for an inductor-capacitor
circuit to have a resonant frequency of 18,000 Hz if the capacitance is
33x107° farads. The equation for this problem is

e 1
N 2%\/@
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Clear the stack and use the EquationWri
equation. (Use (@) when you type the let

@@
(2 (EQATION
F@O® ! ®
: Q@D@ELEC

Put the equation on the stack and get th

(@ GEowE)

Name the new equation CKT, then get t
annunciator 1s already turned on, so you

CKT

Store the two known values. (Reminder:
keys, not alpha keys.)

GA) 6

Solve for the inductance.

ter application to key in the
ters below.)

S
2a-JLCO
[COLCT] EXPA [ 100 [UAD | ZHOW [TAYLE]

e SOLVE menu.

Mo current equation.

Epter eqns press HEHW
3
1= '"F=l-s0Z#u*](L*C))'

ROOT | MEK [EDEC [STER | CHT |

he SOLVR menu. (The a
shouldn’t press (@).)

CET: 'F=1-(2#wel{L*C ..
4:

— 200

I.F | IO | W [P F= Il ]
Keys like

C: .086A33

L H

=H

2

I.F ILL I ¢ IETEl Il |
Zero

4:

3

1: L= 7.369H38656H7E-H

T O [ = ||
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If the closest available value is 2.2x 1076, solve for the actual resonant
frequency.

2.2 Zera
3
P: L: 2.369A8865607E-6
{:  Fi1P678.9975473
| I3 | O | R - = | I | I |

To find a certain solution out of several:

1. Enter a guess for the variable to solve for. The value should be
somewhat near the solution you want—at least nearer to the one
you want than to other possible solutions.

or that variable name to store the guess.

‘ for the same variable name.

If the equation or expression has more than one possible solution,
the calculator stops when it finds just one. You can find a different
solution by storing a guess in the variable you’re solving for—it tells
the HP Solve application where to start searching.

However, if your problem has several solutions, you should also
consider solving it graphically. See the next section, “Getting Answers
Graphically.”

To look at current variable values:

1. Press (|9)(REVIEW).
2. Press (ATTN) when you’re done.

To get the HP Solve variable menu after an interruption:
m Press ()(SOLVE) (right shift).

To re-solve an old equation or expression again:

1. Press (&) (SOLVE).
2. Press: i

3. Press (¥) a,ndv@ to move the pointer to the equation or expression
you want.

F to set up that equation or expression for solving.
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You can also attach units to the values you’re entering and finding.
See “Using Numbers with Units” on page 1-44.

Getting Answers Graphically

If you want to see the graphical behavior of an expression or equation
and get numeric solutions for one particular variable, you can use the
Plot application. You don’t have to solve for the variable symbolically.

The information in this section assumes you’re making “function”
plots—y as a function of z. Other types of plots are possible.

To set up a new expression or equation for plotting:

1. Enter the expression or equation on the stack.

2. Press (&)(PLOT).

3. Get the expression or equation:
m To store a copy of the expression or equation for future use,

press type a name for it without pressing (a), and press
ENTER)
m To not store a copy, press ZTEL .

4. Verify at the top of the display that the plot type is FLIMITION. If
it’s not, press 19 FE ELHD |
5. Press B

To store a value for a constant:

1. Press (;»)(SOLVE) (right shift).
2. Enter the value.

3. Press i for the variable name.

4. Press ()(PLOT) (right shift).

Only the independent variable value changes during plotting. All
other variables are considered constants.
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To plot an expression or equation:

1. Set up the expression or equation for plotting:

2. Press (), type the name of the independent variable from your
expression or equation, and press THIEF.

3. Key in a value for the extreme left end of the horizontal axis, press
or (ENTER), key in the extreme right value, and press ;

4. Press EEHEE.

5. Press HLUITH .

The range of the vertical axis is calculated automatically.

If you’re plotting an equation with an expression to the left of the

equal sign, two curves are plotted—representing the two halves of the
equation. If you’re plotting an expression—or an equation with just a
variable name to the left of the equal sign—only one curve is plotted.

To turn the graphics display on and off:

m To turn off the graphics display, press (ATTN). Then, if you want to

return to the plotting setup screen, press ()(PLOT) (right shift).
m To turn on the graphics display, press (€) (or (¢&9)(GRAPH)) while no

command line is present.

Example: Plot the total resistance of a parallel resistor circuit given
by the expression
1
1 1
R TR,
where Rs is 1500 ohms, and R; varies from 10 to 5000 ohms.

Clear the stack and key in the expression. (Use (&) when you type the
letters below.)

®EB
(=) (EQuATIoN) )

IQ1IERIE®1IER2 T
RITR20

| NS | | . = | N |
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Put the equation on the stack and make it the current equation. (The
d annunciator turns on automatically.) Make sure the displayed plot
type is FUMCTIOH. Then set it up as the equation to plot.

(ENTER) ot tupe: FUMCTIOHN
EE: $z/(1fﬁl+1fﬁ'2)'
Ep: ] 1

©)(eLeT)

Pl

RIR2 k1
(if needed) "
H

Make R1 the independent variable, and set its range to 10 to 5000.
(Use (@) when you type the letter below.)

(DRI IHEER
10 5000 | HFHE

Set R2 to 1500. (Note the right shift.)

R2: 1588

— 00

i
F
:

Draw the plot. (Note the right shift.)

@)(CLeD E

I [E-EOH[CENT [COORD]LAEEL] |
Return to the stack display.

12
[ERRZE[ DRAK | AUTO [WEMG | YENG [INDEP |
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To estimate coordinates:

1. View the plot in the graphics display.

2. Press (a), (Y), (€), and (») to move the -+ cursor to the desired
point.

3. Press i to see the (z,y) coordinates of the cursor.

4. Press or any menu key to turn off the coordinate display.

5. Optional: Press to put the coordinates on the stack.

To solve for a significant point:

1. View the plot in the graphics display.
2. Press (4), (¥), (€), and (») to move the + cursor near the point of
interest.
3. Pressi FLH .
4. Solve for the coordinates:
m To find an z value where the curve crosses the z-axis, press
ROOT .
m To find a point where two curves intersect, press THELT.
m To find a critical point, such as a maximum or minimum, press
EHTE (extremum).

5. Préés (ATTN).
6. Press EHIT .

The calculated values from these functions are put on the stack.

Example: The volume of an open tray formed from a 4-by-8 piece
of sheet metal is given by (4 — 2x)(8 — 2z)x, where z is the height
of the tray (between 0 and 2). Find the maximum volume and the
corresponding z value.

Enter the expression. (Use (@) when you type the letters below.)

OOO42X®)

ot
15 '(4-r#H)*(B-FeH )=’
@8@2®X®®X [ERRZE[DEAL | AUTO [RERG [ YEMG INDER]
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Set up the expression for plotting. (The d annunciator turns on
automatically.)

PLOT) HEM TRAY (ENTER :
((ELOD) HEW TRAYENTED)  [Flot Fupet FRCTION ..
Pttty IndE'F"= 'R1|
Wi 16 SHEA
yi-161.6538 1153.8461
[ERRZE[DEAL [ AUTD [HEMG] VRN [INDEP]

Make X the independent variable, and set its range to 0 to 2. (Use (o)
when you type the letter below.)

(DX THE
0 2 HRHE

Wi A Z
y:-161.6538 1153.8461
[ERHZE|DERE | BUTO [WEME | YRR [IMDEP |

Plot the expression.

200M [Z-EOE[CENT [COORDJLAEEL] FCH

Move the cursor anywhere near the maximum and solve for the
coordinates of the maximum. (JFF SCREEH is displayed before the
result.)

(«) and (&) as needed)

W AR

EXTRM: (.B45299461622.12.316B05742]
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Move the cursor to another point on the curve, get the cursor
coordinates, and put them on the stack. (Your cursor position may
differ.)

((¥) and («) as needed)

(.282307692308.7.370352

Return to the stack display. The (z,y) coordinates for the two points
you found are on the stack.

Ewbrm: (,045299461..
& O 29PapE02 305,
o 57535}

—

[EFiAE| DFAK | AUTD [HENG[VEHGJINDER |

To get back to the setup menu after an interruption:
m Press ()(PLOT) (right shift).

To re-plot an old equation or expression:

1. Press (&q)(PLOT).

2. Press [HT .

3. Press (¥) and (A) to move the pointer to the equation or expression
you want.

4. Press FLIUTE to set up that equation or expression for plotting.
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Making Your Own Functions

If you often make a certain calculation that’s not built into the HP 48,
you can create a user-defined function. Then you can use the new
function for numeric and symbolic calculations.

To create a user-defined function:

1. Enter an equation that specifies the function name and its
arguments on the left side, and the expression that defines the
calculation on the right side.

2. Press ()(DEF).

The syntax for the function definition is
‘namei argl « arg2... r=expression’. For example,
TANVGEOA B Cr=qA+BE+0 -3 18 a valid definition.

To use a user-defined function with the stack:

1. Enter the required argument values on the stack in the same order
as they appear in the left side of the function definition. (The last
argument should be in stack level 1.)

2. Press riatie  for the name of the user-defined function.

To use a user-defined function in an expression:

1. Press (7).

2. Press Fia
3. Press (q)([(O))
4

. Key in the algebraic arguments in their proper order and separated
by commas.

. Press (ENTER) (or press () to continue the expression).

Example: Define a function KE that calculates the kinetic energy of
a moving body, given by %mvz. Find the kinetic energy for m=14.5
and v=127.9. Also, write an expression for the total energy of two
bodies with masses m; and ms and velocities v; and vs.

for the name of the user-defined function.

ot

Clear the stack and enter the equation that defines the function. (Use
(@) when you type the letters below.)

)(CR) 1:  'KECM, V)=, S#M=l"2!
OKE@OMM@E@QV® [ERAZE[UAR] AUTD |HENIS] 1ENIS INDEP

@B S ®OME VD2 (ENTER)
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Create the user-defined function.
@G 1:

[EFifi5E| DRk [ AUTD [HEMG [ YN G [INDEF]
Calculate the kinetic energy for the first problem.

1: 118598, 4725
[KE | & [TRav[ fl ] k2 |GlR2)

Write the expression for the total kinetic energy. (Use (@) when you
type the letters below.)

@ @OM @OV ®
KE @O M2@&@0 V2

(VAR) 14.5 (ENTER) 1279  EE

FE

s 118398, 4723
1: :'II:iE(NI,'s-'IHHE(NE,'-.-'Z

| HE | # [TRAY] K1 | k2 |R1K2

If you stored values in variables M1, M2, VI, and V2, you could
evaluate this expression.

Programming

For repetitive problems that aren’t suited to symbolic expressions or
other techniques, you can create programs. You can use programs to
perform any sequence of operations you want. The keys you press
for a keyboard calculation represent a series of commands—you can
include those commands in a program to do the same calculation.

A program is simply a sequence of commands, numbers, and other
objects that are processed in order. A program is an object—so it
occupies one level of the stack, and you can store it in a variable.
However, a complete “program” often consists of several programs
that work together—much like subroutines.

You create programs as described below. You store and recall them
the same way you store and recall other objects—see “Using Memory”
on page 1-13.
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To enter a program:

1. Press ()« »).

2. Enter the commands, numbers, and other objects in the order you
want them processed.
m For a command, press the command key or type its name.
m For a number, type the number. Press to separate two
consecutive numbers.
m For a variable, press fiame  or type its name.
m For a symbolic expression, press (), enter the expression, and
press (»).
m For any other object, type its delimiters, enter its contents, and
press (B).
3. Press (ENTER).

Lines you enter in a program can be as long or short as you want. You
can start a new line any time by pressing ((»)(«=) (newline). Your line
breaks are discarded when you press (ENTER).

For calculations, you can use “stack” calculations (entering data and
executing commands) or “symbolic” calculations (entering expressions
and evaluating them). They can look quite different in a program, but
can give the same results.

In a program, a variable name behaves the same as when you press
the corresponding key in the VAR menu.

Example: Create a program that squares two numbers from levels
1 and 2 of the stack, then finds the absolute value of the difference:
|z — z5?|.

In order, the program squares the number in level 1, swaps the values
in levels 1 and 2, squares the new number in level 1, subtracts the
values in levels 1 and 2, and finds the absolute value of the result.

Clear the stack and start entering the program.

(2)(CLR) 1:
)@@ @EED) @E) ¢ S SHAP S0 ¢

L HE | & [TRAv] K1 | k2 [R1K2 ||

Complete the program.

& 56 SWAP 5B - ABS +
L ie:s 516K [CON [ #kis [ RE [ IH |
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Put the program on the stack.

2:

« S0 SWAP 5@ - ABS
*

Store the program in variable DIFF. (Use (@) when you type the
letters below.)

(D DIFF L
| HES [ S1GH [COMJ | ARG | KE | 1M |

To enter a simple program with local variables:

1. Press (q)(«»).
Press ()(>).

3. Enter names for one or more local variables. Press to separate
names.

4. Press (') and enter a symbolic expression that uses the local
variable names.

5. Press (ENTER).

Local variables are temporary variables. The — command takes
numbers or other objects from the stack and stores them in the
temporary variables—then those values are used to evaluate the

[\]

symbolic expression. By using local variables and a symbolic
expression, you have a program that’s easy to create and understand.

Example: Rewrite the previous DIFF program so that it uses local

variables to calculate |z,2 — z,2|.

Enter the program. (Use (@) when you type the letters in this
example.)

@@ @E) X2 69 X1 ()
O () X192
O X2 () 2 E@TER)

Store the program in variable DIFF.

[ 0FF | KE | % [TEAv] Rl | E2 |

21

12 & + w2 K1 '"ABSCHIE
—HZ"e) ! »

[ AES |1 [CONJ [ WS | KE [ 1M |
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To execute a program:

m Press (VAR), then press rizns
program is stored.
or

m Key in the variable name where the program is stored (without (%)
tick marks) and press (ENTER).
or

m Put the program in level 1 of the stack and press (EVAL). (The
program is removed from the stack, then it starts executing.)

for the variable name where the

If you store a program in a variable, you can execute it by name in
any other program—just include the variable name.

To interrupt an executing program:
m Press (ATTN).
Example: Use the previous DIFF program to find |6% — 92|.

1: 45
[wiFF [ ke [ & [Thav[ k1 [ k2 |

9 (ENTER) 6 (VAR)

To edit a program:

m If it’s in level 1, press (&q)(EDIT). After editing, press to
save the changes (or press to discard them).

m If it’s stored, press ('), press Fiame  for the name, and press
() (VISIT). After editing, press to save the changes (or
press to discard them).

You edit programs the same way you edit other objects. See
“Operating the Calculator” on page 1-5 and “Using Memory” on page
1-13.
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Using Numbers with Units

Many physical problems involve values with associated measurement
units, such as 17.5 meters and 324 calories per second. The HP 48 lets
you attach units of measure to numeric values. Such combinations are
called unit objects. The HP 48 provides more than 100 built-in units—
and you can combine them at will into compound units.

To include units with a number:

1. Enter the number. You don’t have to press (ENTER).

2. Press (&)(UNITS).

3. Press (NXT) as required, then press the menu key for the
appropriate category of units.

4. Press (NXT) as required, then press iiriit for the units you want.
Press () Liriit instead if you want the inverse of the units.
(Substitute the desired unit menu key for uriit .)

5. For compound units, repeat steps 2 through 4 for each individual
unit in the compound unit.

Example: For the element silicon, its atomic radius is 1.46 angstroms
and its density is 2.33 grams per cubic centimeter. Enter these values.

Clear the stack and enter the atomic radius.

>)(CER) 7

1.46 («\)(UNITS) LEHS 1: 1.46_4
(NXT)(NXT)(NXT). & Lt L L _lPERMI___L__|

Start entering the density.

2.33 () (UNITS)  HHES iz

Complete the compound units for density.

(K)(UNITS): widL (@) CH & 2: 1 % ﬁ
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To calculate with units:

1. Enter values with units.
2. Execute commands.

Units are automatically converted and combined during the
calculation—you don’t have to do any additional work.

However, you must use consistent units for certain operations, such

as addition. Consistent units are units that have the same physical
dimensions, such as length or density. For such operations, the answer
is automatically converted to the units from the value in level 1.

Example: Find the final velocity of an object in free fall after 8
seconds if it starts with an upward velocity of b centimeters per
second. The final velocity is calculated as vo — gt, where g is 9.8 m/s?.

Clear the stack and enter values with units for vy, ¢, and t.

@ED
5 (eD(ONITS) 5F
9.8 (@(UNITS)
@@ 11

Multiply ¢ and t.

) 2 S_cmss
1: 78.4_m<s
[ %k | 0 | H JHMIN] & | HZ |

To get the answer with the same units as vy, you want to have vy in
level 1 when you combine terms. So make gt negative, exchange the
values in levels 1 and 2, then add the values to get the final velocity.

) 1: -7835_cm-s
[k | b | H [FMINT = T He |

To convert units to a built-in unit:

1. Enter the value with its original units.

Press (&) (ONITS).

Press the menu key for the appropriate category of units.
Press (&) for the units you want to convert to.

N
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Example: Convert 14 cm/s to mi/hr.

Clear the stack, and enter and convert the value.

(2)(CLR) 1:  .31317163B8858_mph
14 (@)(UNITS) SPEED CH -3 (175 [chi/ T [F175 | KPR ] HPA TKNOT]
GV

To convert to any units:

1. Enter the value with its original units.
2. Enter any number (such as 1) and attach the units you want to
convert to.

3. Press @m (right shift).

4. Press 1§,

The numeric value of the second argument is ignored during the
conversion.

Example: Convert 9.8 m/s? to ft/s?.

Clear the stack and enter the value.

)(CR) 1: 9,8_m 5 2
9.8 () (UNITS) SFEEL Ho & [k | 0 [ H [HIN] | He ]
QT TIHE @) =

Enter a number with the desired units. (Because the denominator
units are in the current menu, enter them first.)

1) 5 () 2 %: 918{:?,’5:%
LEHE & FT o
BIOUTS) LEHE - FT T T e
Convert the units. (Note the right shift.)
() (ONITS) Ty 1: %2. 1522389711 _ft-s”
[COWY [UERSE] UNAL [UFRCT[+UNIT] |

To delete units from the number in level 1:

1. Press ((»)(UNITS) (right shift).

2. Press LI¥AL  (unit value).
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To use units with the HP Solve application:

1. Store values with appropriate units in all variables—including a
guess with units for the unknown variable.
2. Solve the equation.

The HP 48 automatically converts units during the process, and it
converts the solution to the units you specified. If any units are
incompatible during the calculation, an error occurs.

The HP Solve menu keys automatically reuse current units for
variables. To change a variable value without changing the units, store
just the numeric value. To change the value and units, store a value
with units. To delete units from a variable, enter the numeric value,

then press mame

Keeping Track of Time

You can use the built-in clock to get the time and date, to set alarms,
and to do other time-related operations.

To change the time or date format:

1. Press @m

2. Press  ZET
3. Set the format
m To change the date format between month-day-year and
day . month . year, press ii
m To change the time format between 12-hour (AM and PM) and
24-hour (no AM or PM), press L& 24,
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To set the time and date:

1. Press @m

2. Press . Sk

3. Enter the date as MM.DDYYYY or DD.MMYYYY (depending on
the current date format), where MM is the month (01 to 12), DD
is the day (01 to 31), and YYYY is the year (such as 1991).

4. Press =D:HT .

5. Enter the time as HH.MMSSsss (12-hour or 24-hour), where HH is
the hour (0 to 24), MM is the minutes (00 to 59), and SSsss is the
integer and decimal seconds (0 to 59999 ... ).

6. Press =11H .

7. To change the time between AM and PM, press H.-FH .

Example: Set the time and date to 3:25 PM on February 7, 1992—
or to the current time and date, if you want. (This example assumes
month/day/year and 12-hour formats.)

Clear the stack and set the date—use today’s actual date, if you want.

@ED

(Q)TME) BET 2071992 SERT :} :HI‘IHE T 0207798 04:04:43P
=B
%:
IIEII-

Set the time—use the current time, if you want.

HOME T 02/07/92 03:25:05P

1
4:
3
z
1

*OAT [+TIM [A/PH[1084] M2D | |

To see the time and date:

m Press (q)(TIME). (The time and date turn off when you leave the
TIME menu.)

1-48 Trying Out the HP 48



To turn the permanent time-and-date display on and off:

1. Press (¢q)(MODES).
2. Press (NXT).

3. Press il E

To set an alarm:

1. Press @m

2. Press HIEH .

3. To set an alarm date different from today, enter the date as
MM.DDYYYY or DD. MMYYYY (depending on the current date
format), then press &

4. Enter the alarm time as HH MMSSsss (12-hour or 24-hour), then
press & T 1tk

5. To change the alarm time between AM and PM, press #H FH

6. Press @- enter a short message as a text string, then press

7. Press EE‘ i

When the alarm time arrives, the HP 48 beeps for several seconds, the
message is displayed, and the () annunciator turns on.

To respond to an alarm:

m During the beeps, press any key, such as (ATTN).
or

m After the beeps stop, press @m (TIME) to see the alarm message,
then press F '

Example: Set an alarm for a few minutes from now.

Set the alarm time—you don’t have to change the date. (Use an alarm
time that’s a few minutes from the time in your display.)

E;__-?:% i HOME } 02/07 /928 03: ES EEP
U Fnter _alarm, press

PRI Be-B7-92 EE 3A: BBP

[-DRTEL TIMELfPH| EHEC | RPT | SET |
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Enter a message. (Use (@) when you type the letters below.)

@) HELLO EHEL

{ HOME } 02/07/92 03: E? EEF

Enter_alarm, press
R 2700 5% B+ 35+ b

[:DATE[=TIME[ #/'PH | EXEC | RPT | SET |

Set the alarm and return to the stack display.

SET

HOME } 02/07/92 03:28:34P

¢
g
3
i
1

[ ET [MOJET]ALEM] Ack [RCkA | CAT |

Wait until the alarm occurs and the beeps stop. The alarm time and
message are displayed only during the beeps. The () annunciator

stays on (though it’s not shown below).

View the alarm message.

() (@ME)

Acknowledge the alarm.

HOME } 02/07/92 03:30:24P

L
Iz
3
2
1

[ SET [ACJSTIALEM] Ack [RCkA] CAT |

{ HOME ¥ 02/07/92 03:31:48P

Past _due_alar
RI BE!B?!BE 83 38: BEP
HELLD

[ ET [busT[ALEM] Aok [ACkA] CAT |

HOME } 02/07 /92 03:34:58P

'—‘NU.'!—& [l

T JA0J=T[ALEM] RCE [Rckn | CAT |

Press to return to the MTH menu.
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2

The Keyboard and Display

This chapter describes the keyboard and display
in detail. It shows how to enter information and
how to understand displayed information.

Organization of the Display

For most operations, the display is divided into three sections. This
configuration is called the stack display. Each section is described in
the following topics.

ALG |
1 HOME 1 <— Status area

Stack —> { %
and :

Command line —> 'H+B'+
| EEECEE TR ETRAIEREEES | < Menu labels

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

m The current directory path. When you turn the calculator on for
the first time, the current directory path i1s £ HOFME . Directories
divide memory into parts, much as files do in a file cabinet—they’re
covered in chapter 7.
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.

.

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

In the table that follows, the first six annunciators appear at the
very top of the display. The other annunciators and the directory
path share their “territory” with messages—a message replaces the
annunciators and directory path. When you clear the message, the
directory path and any active annunciators reappear.

~
A oRticann
Annunciator area { o @ X §—>\
Current £ HOME 1 } Message area
directory =
path %:
1=
"A+B ' 4
[PAETZ] PEOE | HYP [HATE[VECTR] EAZE |
Annunciators
Symbol Meaning

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

=3 Right-shift is active (you pressed (p)).

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

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

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

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

Symbol Meaning

RFAD Radians angle mode is active.
GRAD Grads angle mode is active.
Fad Polar/Cylindrical coordinates mode is active.
F Polar/Spherical coordinates mode is active.
HALT Program execution has been halted.

1 2 % 4 5| The indicated user flags are set.
1SR The user keyboard is active for one operation.
USER The user keyboard is active until you press («q)(USR).
ALG Algebraic-entry mode is active.
FRG Program-entry mode is active.

The Stack

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

As you enter new numbers or other objects on the stack, the stack
grows to accommodate them—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 you normally can’t see
them.

For more information about the stack and command line, see “Using
the Stack for Calculations” on page 3-2.
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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.”

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

For more information about the stack and command line, see “Using
the Command Line” on page 3-15.

Menu Labels

Menu labels across the bottom of the display show the operations
associated with the six white menu keys across the top of the
keyboard. See “Working with Menus” on page 2-11 for information
about using menus.

Organization of the Keyboard

The HP 48 keyboard has six levels or “layers,” 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 (&) are all keys on the primary
keyboard.

m Left-shift keyboard, activated by pressing the orange (#q) key on the
primary keyboard. A left-shift key is labeled in orange and located
above and to the left of its associated primary key. To execute
ASIN, for example, you press the (&) key followed by the associated

key.

m Right-shift keyboard, activated by pressing the blue () key on
the primary keyboard. A right-shift key is labeled in blue and
located above and to the right of its associated primary key. To
execute —NUM, for example, you press the () key followed by the

associated (EVAL) key.
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m Alpha keyboard, activated by pressing the (a) key on the primary
keyboard. An alpha key is labeled in white and located to the right
of its associated primary key. Alpha keys are all capital letters. To
generate “N”, for example, you press (a) followed by the associated
key. When the alpha keyboard is active, the number pad
generates its primary numeric characters.

m Alpha left-shift keyboard, activated by pressing (@) and then orange
(«q) on the primary keyboard. Alpha left-shift characters are
primarily lowercase letters, along with some special characters. To

type “n”, for example, you press (], then (&), and then (STO).
(Alpha left-shift characters are not shown on the keyboard.)

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

The unshifted and shifted Alpha keyboards are shown on page 2-8.

@ @@ @ Left-shift '
(sin) [cos] (Tan] (VX (y*) "_L-]“-':‘-:.. \l,_ Right - shift
(B ) () &9 @80 (851
(o) (7 ) (8 ) (9] [+]
(q)(4)(5)(e) (%)

X| <—Alpha

When you press (&) (left-shift) or () (right-shift) to access the
shifted operations printed above the primary keys, the Ea&¥ or Iad
annunciator turns on to indicate that left-shift or right-shift is active.

To cancel a shift key:

m To change to the other shift key, press the other shift key.
m To just clear the shift key, press the shift key again.
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Using the Keyboard and Display

Getting Attention!

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

To stop whatever’s happening:

m To delete the command line, press (ATTN).
m To cancel a special environment and restore the stack display, press

ATTN ).
m To cancel a running program, press (ATTN).

Keying In Numbers
The basic type of data you’ll use is numbers. Although the HP 48

accepts different types of numbers (real numbers, complex numbers,
vectors, etc.), you key in all numeric values the same way. When you
key in numbers in the stack display, they’re displayed in the command
line.

To key in a simple number:

1. Press the appropriate number and (*) keys.

2. If the number is negative, press (*/=).

To delete the command line:

m Press (ATTN).

Example: Enter the number —123.4 in the command line.

Key in the digits.

123 () 4 1723.94
[FAETE] PEOE ] HYP [HATE [VECTR] EASE |

Make the number negative.

-123, 44
[FAET:] RROE | H{P_| MATF [VECTR] BRZE
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Press (the key) to delete the command line.

To correct a typing mistake:

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

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

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

Example: Enter 1.2 x 1073,
Enter the mantissa (1.2).
1.2

1,24
[PRETS] PROE | HYP | MATE [VECTR] BRSE |

Enter the exponent (—3).

(EEX)3 1.2E-3+4
= [PRETE] PROE | HVF [HAT[VECTR] BAZE ]

Press to delete the command line.

Keying In Characters (the Alpha Keyboard)

Whenever you key in letters and other characters, you use the alpha
keyboard. The d annunciator turns on whenever the alpha keyboard
is active—whenever Alpha-entry mode is active. Characters you type
in the stack display are displayed in the command line.

The primary (unshifted) alpha assignments are printed on the
keyboard to the lower right of each key. In addition, many keys have
left- and right-shifted alpha assignments. (All uppercase letters are
unshifted, while their lowercase counterparts are left-shifted.) 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 the unshifted and shifted alpha keys.
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Alpha Keys J
a a«a b pc A d 5 e € f ©
a)(8)lo] @ (e -
@ . @ . -
@ @ @ @ CJ @ g ima
Imnzr;/Replace @ . . . . . characters

Lowercase\ ‘_j » . /

lock —> () #

To key in one character:

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

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

To key in several characters:
m Press (@)(a), key in the characters, press (a).

or

m Hold down (@), key in the characters, then release ().

Pressing (o) one time activates Alpha-entry mode for one character.
For example, pressing (o) then types .

Pressing (o) twice in a row locks Alpha-entry mode. Alpha-entry mode
remains active until you press (o) again or press (ENTER).

You can press and hold down (a) while you type several characters in a
row—the @ annunciator turns off when you release (a).
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To lock or unlock the lowercase keyboard:

m If d is locked on, press (&q)(a)
m If d is off, press (a)(#)(a)

Only letter keys are affected while lowercase Alpha-entry mode is
locked. To get uppercase letters, you must use (4q). Lowercase mode
automatically unlocks when you press (ENTER), (ATTN), or execute a

command.

Example: Type the phrase “HP 48 power!” in the command line.
(This example shows one sequence of (a) keystrokes, though you can
use a different sequence as mentioned above.)

Type the quote marks and HP /8. The d can be on or off while
typing the number characters.

@) (@ H (o) P (sPC) 48 1:

"HP 40+

[PAET] PROE | HYP | MATE [VECTE] ERZE |
Type the space, lock Alpha-entry mode and lowercase, and type
power.

@) @)@ power

"HP 48 pauer+
[PARTE] PROE | HYP |PRTR[VECTR] ERSE |

Type the exclamation mark.

CY[CEN 1:
"HP 48 power |+

[PART] PRDE | BYP_[MATE [WECTE] BAZE |

Press to delete the command line and cancel Alpha-entry
mode.
To key in an accented character:

1. Type the base character (without an accent).
2. Press the accent key (immediately after the base character).

To generate an accented character during editing, position the cursor
to the right of the letter and then type the accent. The letter to the
immediate left is changed.
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The HP 48 provides five accent marks (*, *, 7, *, and ) that you can
use with appropriate letters. In addition, the alpha (»)(etc) key works
in conjunction with certain other letters. These six keys are the alpha

left- and right-shift keys associated with the primary keys (7), (8), and
(). (See the alpha-keyboard diagram on page 2-8.)

You can use the accent marks and the (»)(etc) key to generate other
special characters, as shown in the following table.

Use () (etc) Use Any Accent Mark

To Change: To: To Change: To:
A B o o
E fE K B

- -, =}
P 3 )

] P

i,
1

il
Example: Key in the characters = and £.
Key in the lowercase letter w. (Use (&) (&) (*4).)
! s
[ PEOE | HYP |HATRVECTE] EAZE |

Key in the " accent character. (Use (a) () (7))

14
hﬂmmm

Key in the uppercase letter il.

O A0
hmmm

Change the i1 to &. (Use (@) () (9).)
@) @)(etd)

fm_‘
ﬁmmm

Press to delete the command line and cancel Alpha-entry

mode.
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Note Keystroke examples in the rest of this manual
i show the alpha characters without the (a) key. For

% example, the keystrokes for entering "HELL" onto
the stack are shown as (@)(™ ") HELLO (ENTER).
Even though it’s not shown in the keystrokes, you
still must activate Alpha-entry mode in one of the
ways described above before entering the alpha
characters.

Keying In Objects with Delimiters

Real numbers represent one type of object. Most other types of
objects require special delimiters to indicate the type of object. For
example, a text string requires " " delimiters.

To key in an object with delimiters:

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

m For a single delimiter, press the delimiter key where required in the
data.

Objects and delimiters are described in chapter 4.

Working with Menus

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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ﬁﬁ HEWLETT

PACKARD
1 ST

{ HOME }

I

7

1:

1 H_I_B 1 *

Menu labels — | IR EETEERATEREES

menu keys —> (), e
o) ) (cs) (van) (A& ) focr)

Some menus have multiple sets of labels, called pages. If a menu label
has a bar over the left corner, it selects another menu—a submenu.

To display a menu:

1. Press the key or keys corresponding to the menu you want.
2. If necessary, change to the menu page you want:
m To move to next page, press (NXT).

m To move to the previous page, press (|)(PREV).
m To move to the first page, press ()(PREV) (right shift).

Many of the keys on the HP 48 keyboard display menus: (MTH), (PRG),
(CsT), (VAR), and all of the shifted keys with orange labels on darker

backgrounds (such as («q)(MODES)).

For menus with more than six entries, you can cycle through its pages,
eventually returning to the first page. In the following illustration of

the MTH PROB menu, notice how and ()(PREV) work.
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PROB
\7

||
- <
COMB PERM ! RAND RDZ

NXT | [+q][PREV]
UTPC UTPF  UTPN  UTPT A

J

With a few exceptions, 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. (The special
menus that act a little differently are explained in later chapters.)

Example: Get the MTH menu and notice that each menu key has a
bar over its left corner and, therefore, calls another menu.

MTH [PAETZ] PROE | HYP [MATE[VECTR] BASE |

Get the PROB submenu and display the second page.

NXT [utpc [utprfuTeh[uteT] | |
Return to the MTH menu.
MTH PARTE] PROE | HYP [MATR|VECTR] ERSE |

To switch to the previous menu:
m Press ((»)(LAST MENU).

There may be times when you are working primarily with a particular
menu, but need to use commands in another menu. For example, you
may need to leave briefly the third page of the STAT menu to use a
command in the second page of the MTH PROB menu.

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

() (LAST MENU) (found over the (3) key) returns you to that menu.
Menus of menus (such as the MTH menu) aren’t stored as the last
menu.
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To perform a menu operation:

m Press the menu key below the label for the operation.

Example: Display the MTH PROB (math probability) menu and
calculate 7! (7 factorial).

Key in the 7 and execute the factorial function.

7 FROE ! 1: aH4A
[COME[PERH] + [kAND] RO |

Setting the Display Mode

The display mode controls the format the HP 48 uses to display
numbers. (Regardless of the current display mode, a number is always
stored as a signed, 12-digit mantissa with a signed, 3-digit exponent.)
The keys for setting the display mode are located in the MODES
menu ((«)(MODES)). A = in the menu label indicates the mode is

active—for instance, %7l means Standard mode is active.

To set the display mode:

m For standard format, press ()(MODES) &1
m For n decimal places, enter the number n, then press («q)(MODES)

Eld
m For scientific format, enter the number of decimal places, then press

m For engineering format, enter the number of digits after the first

one, then press (¢q)(MODES) | EHG

m To change the fraction mark to period or to comma, press

(.9)(MODES) (&)(PREV) | Fli:
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Display Modes

Key Programmable Description
Command
(EMODES) (pages 1 and 4);
Bl STD Standard mode. Displays numbers

using full precision. All significant
digits to the right of the decimal point
are shown, up to 12 digits.

FIX Fix mode. Displays numbers rounded to
a specified number of decimal places.
Real numbers on the stack are displayed
with digit separators—commas (for
period fraction mark) or periods (for
comma fraction mark). Uses a number
from the stack for the number of
decimal places.

SCI Scientific mode. Displays a number as a
mantissa (with one digit to the left of
the decimal point) and an exponent.
Uses a number from the stack for the
number of decimal places in the
mantissa.

ENG Engineering mode. Displays a number
as a mantissa followed by an exponent
that is a multiple of 3. Uses a number
from the stack for the number of
mantissa digits to be displayed after the
first significant digit.

.

Fraction mark. Switches fraction mark
(the character that separates the integer
and fractional part of the number )
between period and comma. = in the
label indicates a comma fraction mark.

Example: Key in 12345.6789 and show it in various display modes,
starting with two decimal places.

12345.6789 1: 12, 345.68
2 (¢)(MODES) Fli (270 [ Fiii ] 5l | EWG [ 5VP a[EEEPa]
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Switch to scientific notation with a 5-decimal-place mantissa.

Switch to engineering notation with a 4-digit mantissa (3 digits after
the first digit).

3iENE 1: 12.35E3
|mmﬁzﬁnmm|

Return to Standard display mode.

I 1: 12345, 6789
[ ZTD w] Fid [ -3C1 | EMS |4t m[EEEP]
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The Stack and Command Line

The stack is a series of storage locations for
numbers and other objects. The locations are
called levels 1, 2, 3, etc. The number of levels
changes according to how many objects are stored
on the stack—the number is limited only by the
amount of memory available. If the stack is empty,
no data is available there—not even zeros.

In general, you enter numbers and other objects

onto the stack, and then execute commands that
operate on the data. As you enter new objects, the stack grows to
accommodate them—mnew objects move into level 1, and older objects
are “bumped” to higher levels. As you use objects, they’re removed
from the stack, the number of levels decreases, and the remaining
objects move down to lower levels. You usually work with only the
first few levels of the stack—higher levels hold objects that you can
use as needed.

The stack display shows level 1 and up to three additional levels. Any
additional levels are maintained in memory, but you normally can’t see
them.

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.

This chapter covers:

m Using the stack for calculations.
m Viewing and editing the contents of the stack.
m Using the command line.
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Using the Stack for Calculations

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

B 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 is executed.

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

Making Calculations

When you execute a command, any arguments in the command line
are put onto the stack before the command is executed. So you don’t
have to press to put the arguments on the stack—you can
leave one or more arguments in the command line when you execute
the command. (You should still think of the arguments as being on
the stack, though.)

To use a one-argument command:

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

Example: Use the one-argument commands LN (((2)(LN)) and INV
((1/x)) to calculate 1/In 3.7.

3.7 (@) 1: . PE4331518286
[EThm] FIi [ 2C1 | EWi [=¥H s[EEEP]

To use a two-argument command:

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

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

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

Example: Calculate 85 — 31.

85 310 L 54
[=70m] Fii | £c1 [ EMG 241 e[EEERS]

Example: Calculate /45 x 12.

45 12 () 1: 8H. 49844719
L=70m] Fiit | sci [ EMG [2VH a[EEEP]

Example: Calculate 4.7%1,

4T 2.1 12 25, 7872779682
[ =T0m] Fik [.5C1 | EWG [ 2¢H s[EEEP]

To enter more than one argument in the command line:
m Press to separate arguments.

Example: Calculate v/2401.

2401 (FC) 4 @@ 1 7

To use previous results (chain calculation):

m If necessary, move the previous results to the proper stack level for
the command.
m Execute the command.

Chain calculations involve more than one operation. The stack is
especially useful for chain calculations because it retains intermediate
results.

Example: Calculate (12 + 3) x (7 +9).

12 (ENTER) 3 () 2: 15
7 ENTER) 9 D) 15
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Notice that the two intermediate results remain on the stack. Now,
multiply them.

&) 1: 248
(210 o[ Fii | 3o | ENG [3ire[bEERs|

Example: Calculate 232 — (13 x 9) + g First, calculate 232 and the
product 13 x 9.

b : 7
13 :

e
Subtract the two intermediate results and calculate %
S i 21428571490
g S

Add the two results.

Manipulating the Stack

To swap the objects in levels 1 and 2:
m Press (&9)(SWAP) (or () when no command line is present).

The SWAP command is useful with commands where the order is

important, such as —, /, and * ((3), (), and ™)).

Example: Use (|q)(SWAP) to help calculate \/%W’ First, calculate
V13 +8.

D O @ TR e
iThw

Enter 9 and swap levels 1 and 2.

9 (q)(sWAP 7 9
1: 4. 28227269496
[ ZT0 s FI [ 51 [ ENG [V s[EEER]

Divide the two values.

® 1: 1.96396181212
[2T0 8] Fis | scl | ENG [oirts[eceps]
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To duplicate the object in level 1:
m Press = [:LiF (or press (ENTER) if no command

line is present).

The DUP command duplicates the contents of level 1 and pushes the
other stack contents up one level.

Example: Calculate -4713 + (Flﬁ)ll. First, calculate the inverse of 47.5
and duplicate the value.

475 7+ 2.18526315709E-2

[+  5.18576315/09E-7
L=TO w] Fli | =cl | EMiS [3YH w|EEEP]

Raise the value to the 4th power.

109D

Add the result to the original value.

1: 2. 100282801 69E-7

[Tt ] Fix | i | ENG ] 2VH a[EEERS]

To delete the object in level 1:
m Press (|9)(DROP) (or («) when no command line is present).

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

To clear the entire stack:
m Press ()(CLR) (the CLEAR command).

Recalling the Last Arguments

To recali the arguments of the last command:

m Press ()(LAST ARG) (the LASTARG command).

The LASTARG command places the arguments of the most recently
executed command on the stack so that you can use them again.

The Stack and Command Line 3-5




Example: Use ()(LAST_ARG) to help calculate In 2.3031 +
2.3031. First, calculate In 2.3031, then retrieve the argument of LN.

((CAST_ARG) is the blue, right-shifted label above the (2] key.)

2.3031 (@)(IN) %: 83425%@3%%%
(@) LAST ARG) [ zT0m] Fii | =oi | ENG [2¢H s[EEEP]
Add the two numbers.

1: 3. 137356084152

[2T0 a] Fiz | 2cl | ENG [trim[EEEPS]

LASTARG is particularly useful for more complicated arguments, such
as matrices.

Restoring the Last Stack

To restore the stack to its previous state:

m Press (69)(LAST STACK).

(e9) (LAST STACK) restores the stack to the way it was before you
executed the most recent command.

Displaying Objects for Viewing and Editing

You can’t always see all of 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.

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 (ATTN).

3-6 The Stack and Command Line



m To save changes you’ve made, press (ENTER).
m To discard changes you’ve made, press (ATTN).

Depending on the location of an object, you have up to three ways to
view or edit it.

Viewing or Editing an Object

Location of Viewing/Editing Keystrokes to
Object Environment View or Edit
Level 1 Command line («x)(EDIT)
Best ™
Interactive Stack (a)
Level n Command line n (2)(VISIT)
Best n ()Y
Interactive Stack a)
Variable name Command line () name ()(VISIT)
Best () name ()W)

The command line is the simplest viewing and editing environment:

m The EDIT menu is displayed, which provides operations that make
it easier to edit large objects. (See “The Command Line and 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’s most appropriate
based on the type of object. Algebraic objects and unit objects are
copied into the EquationWriter environment (see “Viewing and
Editing Objects with the EquationWriter Application” on page 16-23).
Matrices are copied into the MatrixWriter environment (see “Viewing
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and Editing Arrays” on page 20-6). 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 3-9.

The Command Line and the EDIT Menu

If a command line is present, press (|q)(EDIT) to get the EDIT menu.
Also, the EDIT menu is 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
E skips to the beginning of a word.

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.

IHE Switches the command-line entry mode between Insert
mode (# cursor) and Replace mode (E cursor). A = in
the menu label indicates Insert mode is active.

Activates the Interactive Stack. (See the next topic,
“The Interactive Stack.”)
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Example: Enter an algebraic object on the stack.

(\)(EQUATION) A (1) B (3) L AL
CoD?2 (2T [ Fiii | 3C0 | ENG |57 s[EEEP]

Edit the expression to make C? become C3.

(WEDT) 5EIF: (O (@ 'A+B-C" 34
3 [£ZKIFJKIP 3] £DEL [DEL® | INZ w221k

Save the change, then view the edited equation in the EquationWriter
environment.

© B
A+
C
Return to the stack.
1 |R+B 3!
L[=Tom] Fiii [ scl | EMG [2vH s|eEEPa]

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 Interactive Stack lets
you:

Move the window to see the rest of the stack.

Move and copy objects to different levels.

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

Edit stack objects.

View stack objects in an appropriate environment.

The Interactive Stack is a special environment in which the keyboard
is redefined for a specific set of stack-manipulation operations only.
You must exit the Interactive Stack before you can execute any other
calculator operations.

When you activate the Interactive Stack, the stack pointer turns on
(pointing to the current stack level), the keyboard is redefined, and
the Interactive-Stack menu is displayed.
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{ HOME }
g2 .35
Current g % E%E%
stack level —> [Ty {A1.2345 3
[ECHO | "IN [ FICE: | ROLL [ROLLDJLEVEL]

Stack pointer

To use the Interactive Stack:

1. Press (A) (or press #5TE in the EDIT menu) to activate the
Interactive Stack.

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

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

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

Stack, press (|9)(LAST STACK).

If a command line is present when you select the Interactive Stack,
just the ELHI key appears in the menu.
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Interactive-Stack Operations

L

g
=
v |
LR
_l

SRR

Key Description
@)
ELHD Copies the contents of the current stack level into the
command line at the cursor position.
WIEW Views or edits the object in the current level using the

“best” environment. Press when finished
editing (or to abort).

Views or edits the object specified by the name or
stack-level number using the “best” environment. Press

when finished editing (or to abort).

Copies the contents of the current level to level 1
(equivalent to n PICK).

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

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

Creates a list containing all the objects in levels 1
through the current stack level (equivalent to n
—LIST).

Duplicates levels 1 through the current stack 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.

Drops levels 1 through the current stack level
(equivalent to » DROPN).
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Interactive-Stack Operations (continued)

Description

R

Clears all the stack levels above the current level.

Enters the current stack level number into level 1.

Moves the stack pointer up one level. When prefixed
with (&), moves the stack pointer up four levels
(\9)(PgUp) in the following keyboard illustration);
when prefixed with (), moves the stack pointer to the
top of the stack (()@) in the following keyboard
illustration).

™ Moves the stack pointer down one level. When prefixed
with (&), moves the stack pointer down four levels

((®9)(PgDn) in the following keyboard illustration);
when prefixed with (), moves the stack pointer to the

bottom of the stack (()(¥) in the following keyboard

illustration).

(\)(EDIT) |Copies the object in the current level into the
command line for editing. Press when finished

editing (or to abort).
(2)(visIT) | Copies the object specified by the name or stack-level

number into the command line for editing. Press
when finished editing (or to abort).

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

Exits the Interactive Stack.
Exits the Interactive Stack.

Most of the operations in the menu have equivalent programmable
commands—see “Other Stack Commands” on page 3-18.

3-12 The Stack and Command Line




The redefined keyboard for the Interactive Stack looks like this:

)

Hhhhdhd
(TR e
OO OO e
Exits Interactive @ C]EQ\nsrrC} ﬁ S Deletes current
Stack ———> ENTER | (-] = ) ([ ) (@) <——— lovel
DO
Cjanjanian]
Exits Interactive [ ] [ } [ ] [

Swok ——em [ J [ JL JI

When you press (@) or ()(VISIT) in the Interactive Stack, the

object in the current level must be a real number or a variable name:

m A real number (integer part) specifies the object in the
corresponding stack level.
m A variable name specifies the object stored there.

When you press %1 or i, the object is copied into the
“best” environment for viewing or edltlng Algebraic objects and unit
objects are copied into the EquationWriter environment (see “Viewing
and Editing Objects with the EquationWriter Application” on page
16-23). Matrices are copied into the MatrixWriter environment (see
“Viewing and Editing Arrays” on page 20-6). All other object types
are copied into the command line. Press to return the edited
object to its original stack level, or to end the session without
change.
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To copy an object from the stack into the command line:

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

2. Press ()(EDIT) #51kE . (If the command line has only one line,
you can press (A) instead.)

3. Press (A) and (V) to move the Interactive Stack pointer to the
desired object and press ELHii .

4. Press (ATTN) (or (ENTER)) to leave the Interactive Stack.

Example: Use the Interactive Stack to insert the number 1.2345 into
the command line, creating the list £ A 1. 2345 .

Put these numbers on the stack.

1.2345
2.3456
3.4567

Start entering the list.

@A

+

Select the Interactive Stack.

@

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

@@ EcHo

Put the list on the stack.

1
B
1

|mmﬁmmm,
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Using the Command Line

The command line is essentially a workspace for creating objects—
a space where you enter and edit your input to the HP 48. The
command line appears whenever you enter or edit text (except when
you're using the EquationWriter or MatrixWriter applications).

Accumulating Data in the Command Line

You can key any number of characters into the command line, using
up to half of the available memory. To enter more than one object in
the command line, use spaces, newlines (((#)(«<=2)), or delimiters to
separate objects. For example, you can key in 12 34 to enter two
numbers—if you press (ENTER), they’re entered onto the stack—or, if
you press (1), they’re entered and then added.

If you enter an @ character not inside a string in the command

line, it and the adjacent text are treated as a “comment” and are
stripped away when you press (ENTER). See “Creating Programs on a
Computer” on page 25-12.

When you type in the command line, characters are normally inserted
at the cursor position—any trailing characters move to the right. The
following keys are active when the command line is present.
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Command Line Operations

Key Description

=0 Move the cursor left and right in the command line.

()@ and (»)(®) move the cursor far left and far
right.)

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

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

the cursor to the first and last line.)

If the command line has only one line, (A) selects the
Interactive Stack, and (¥) displays the EDIT menu.

© Erases the character to the left of the cursor.
DEL Deletes the character at the current cursor position.
(\)(EDIT) | Displays the EDIT menu, which contains additional

editing operations.

(2)(ENTRY) | Changes the command-line entry mode to
Program-entry mode or Algebraic/Program-entry
mode, as described below.

Processes the text in the command line—moves objects
to the stack and executes commands.

Selecting Command-Line Entry Modes

Four command-line entry modes make it easier for you to key
in various types of objects. Usually the entry mode you need is
automatically activated for you.

m Immediate-Entry Mode. (Activated automatically, indicated by
no entry-mode annunciator.) Immediate-entry mode is the default
mode. 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)).

m Algebraic-Entry Mode. (Activated when you press (7). Indicated
by the &L annunciator.) Algebraic-entry mode is used primarily
for keying in names and algebraic expressions for immediate use.
In Algebraic-entry mode, command keys act as typing aids (for
example, (SIN) types : *). Other commands are executed

immediately (for example, (STO) or () (PURGE)).
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m Program-Entry Mode. (Activated when you press (4)(«») or
(\x)({3)—indicated by the FRG annunciator.) Program-entry
mode is used primarily for entering programs and lists. It’s also
used for command-line editing ((«q)(EDIT) and (»)(VISIT)). In
Program-entry mode, function keys and command keys act as typing
aids (for example, (SIN) m types SIH and (STO) types 5Ti). Only
non-programmable operations are executed when you press a key

(for example, (ERTER), (VAR), or (%) ENTRY).

m Algebraic/Program-Entry Mode. (Activated when you press (/)
while in Program-entry mode—indicated by the FLG and FRG
annunciators.) Algebraic/Program-entry mode is used for keying
algebraic objects into programs. In Algebraic/Program-entry mode,
function and command keys behave as they do in Algebraic-entry
mode (for example, types SIH: ). Pressing a command key
(for example, (STO)) restores Program-entry mode.

To change entry modes manually:

« Press (@) ERTRY).

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

[ENTRY | ENTRY -
Immediate > [ENTRY Program (3 Algebraic / Program
entry | > | entry | entry
]

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

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

easier to edit algebraic objects in programs.

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

12 100 () (ENTRY) () (LOG) |12 168 LOG + |
[ZT0m] Fiit | =1 | ENG |5t a|EEEPS]
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Process the command line to complete the calculation.

ETED) O

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 («q)(LAST cMD) (found over the (3) key).
2. If necessary, press (4|q)(LAST CMD) one or more times to retrieve an

earlier saved command line.

Other Stack Commands

The following table describes additional commands from the PRG
STK menu that are programmable and that manipulate the stack.

Example
Command/Description
Input Output
DEPTH Returns the =H o 1&
number of objects on the Z: 16 | Zs el
stack. 1 Pl 1 =
DROP2 Removes the e iz
objects in levels 1 and 2. 2 i@

DROPN Removes the first
n + 1 objects from the stack
(n isin level 1).

]
Al

DUP Duplicates the object
in level 1.
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Command/Description

Example

Input Output

DUP2 Duplicates the
objects in levels 1 and 2.

i R T
#n sz mm  am

LR 0 Y =%
ws  mm  mm  an

DUPN Duplicates n £ &
objects on the stack, starting | 5 ]
at level 2 (7 is in level 1). 43 43
1 5 1

OVER Returns a copy of kS z
the object in level 2. I z
1%

PICK Returns a copy of 43

the object in level n + 1 to
level 1 (n is in level 1).

ol R X Y

e K N ]

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

]

P i o

D]

[ R B .
sz mm @ am

ROLLD Rolls down a £
portion of the stack between | =
level 2 and level n + 1 (nis | 4
in level 1). z

o

ROT Rotates the first

three objects on the stack - O HE
(equivalent to = ROLL). 12
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Objects

m - The basic items of information the HP 48

{} uses are called objects. For example, a
real number, a matrix, and a program are
each an object. On the stack, an object
occupies a single level—so you can enter
any of them into one stack level—or store
it in a variable.

)
7
=,

9

LD

The HP 48 can store and manipulate
several types of objects:

Real Numbers Programs Directory Objects
Complex Numbers Strings Backup Objects
Binary Integers Lists Library Objects
Arrays Graphics Objects XLIB Names
Names Tagged Objects  Built-In Functions
Algebraic Objects Unit Objects Built-In Commands

Many HP 48 operations are the same for all object types—for
example, you use the same procedure to store a real number, matrix,
or program. Other operations apply to only certain object types—for
example, you can’t take the square root of a program.

This chapter introduces the HP 48 object types, shows some examples
of how you use different types of objects, and covers some commands
that manipulate objects. Each object type is covered in more detail in
another chapter.
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Real Numbers

The numbers &, ~#. & and 4. FTE1S are examples of real numbers.
The following illustration shows the range of real numbers the HP 48
can store.

Numbers Other Than 0 That the HP 48 Can Store

// \

Qverflow Underflow Overflow
— ———M\ e W et A_ﬂ —t—
! ! !
-0.99999999999 x 10499 0.99999999090 x 10 499

Ax10499 o 1x10-499

Complex Numbers

A complex number is represented by a pair of real numbers delimited
by parentheses. You can enter and display complex numbers in
rectangular or polar form:

m Rectangular form. z + iy, displayed as <z:y .
» Polar form. (re'?), displayed as i r; 407

Complex numbers are also used to represent the coordinates of a point
in two dimensions.

Example: Add the complex numbers 14 + 9 and 8 — 12s.

If the R<Z or Ras annunciator is on, press (¢»)(POLAR) to set
Rectangular coordinate mode (no coordinate annunciator).

Enter the complex numbers into levels 1 and 2. Use a space to
separate the real and imaginary parts of each complex number.

@\)((Q) 14 (sPC) 9 (ENTER) % {él‘}ig%
G @I 12 CTib el Pl | ol ENG [ZirieEERe)
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Add the two values.

Complex numbers are covered in chapter 11.

Binary Integers

HP 48 binary integers are unsigned integers stored as a sequence of
binary bits (rather than as decimal digits). They’re delimited by a #
character preceding the number and by an optional lowercase letter
(ki o, o, or k) that identifies the current base. You can enter binary
integers in hexadecimal, decimal, octal, or binary base. The binary
base mode, set in the BASE menu (displayed by pressing (MTH)
EHZE ), determines which base is active.

Example: Calculate B17:6 + 47s. Display the result in hexadecimal
base.

Select hexadecimal base and enter the two values. Append the
lowercase letter = ((@) (¢9) O) to the octal value to specify its base.

ey 23 # B17h
@B BT @) I W50
() &) 470 (ENTER) [HEt o DEC [ OCT | EIN_[STHE[RCHE]

Add the two values.

1: # B3Eh
[WE: s DEC | DCT | BIN_|SThiz [RCHz)

Press | [iEil. to return to decimal base.

Binary integers are covered in chapter 14.
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Arrays

Arrays can be one-dimensional vectors or two-dimensional matrices.
The delimiters for arrays are square brackets (I 1). The HP 48
MatrixWriter application helps you enter and edit matrices.

Example: Multiply the following matrix and vector.

[1 ) O]X?
4 5 -3 5

Enter the vector as [2 1 2]. Use spaces to separate the components.

(&)@ 2 (sPC) 1 (SPC) 2 (ENTER) 1: R
Now use the MatrixWriter application to enter the matrix. First,
select the MatrixWriter application.

@) @ATRR)

EDIT | YEC s £HID |03

Enter the first row.

1 (ENTER) 1, T ——
2 (%) (ENTER) -

0 (ENTER)

_q.:
LEDIT | VEC s €110 [14I0+ [ G0 o] S04 |
Start a new row and enter the three values. You can enter them one

at a time, or you can enter them all at once by separating them with
spaces.

@
1(559) 5 (5E9) 3 (FF0) (ENTER)

EDIT [ VEC u] 1JID [ 1410+
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Now enter the matrix into level 1.

: [212]
I: [[1-28]
[45-3 1]
| HE | DEC =] OCT | EIN [ETHE|RCHE]

To do the multiplication, the matrix must be in level 2 and vector
must be in level 1, so swap the levels. (Pressing (») when no command
line is present is the same as pressing (&)(SWAP).)

) % [[l1-28 E 2[1425._:‘.
Cher TUEC =] DT | EIN |EThi: [Chiz]

Multiply them.

® 1: LAY ]
[ HEX [DEC ] OCT | EIM [STHE[RCHE]

Arrays are covered in chapter 20.

Names

Names are used to identify variables. If you want to put a name on
the stack without evaluating it, enclose it between ' (tick) characters.

Example: Enter the names A and BI and multiply them.

Enter the names on the stack. The Fi.i: annunciator comes on when
you press (7).

oy 2: Al
(D B1 CHer TUEC =l DT T EIN TTTR RChE

Multiply the two names.

3] 1: 'Al#B1"

| HE: | DEC o] OCT [ EIN [STHE[RCEE]

The result is an algebraic expression containing the two names.

Variable names are covered in chapter 6.
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Algebraic Objects

Algebraic objects, like names, are delimited by two ' marks.
Algebraics represent mathematical expressions and, on the stack, have
a conventional “computer form” like these two examples:

FERIOD=2%wsl (LENGTH- G

P A ERCOECE
The EquationWriter application helps you enter and manipulate
algebraic objects by displaying them as they might appear printed in a

book. For example, this is how the PERIOD equation above would
look in the EquationWriter environment:

PERIOD=2 1" LE”GGTH

[ERAZE|DRAL] AUTD [ERMG [YRHG[IMDEP]

Algebraic objects, often referred to as algebraics in this manual, are
covered in chapter 8. The EquationWriter application is covered in
chapter 16.

Programs

Programs are sequences of commands and other objects enclosed by
the delimiters # and #. For example, given a real number argument in
level 1 representing the radius, this program computes the area of a
circle:

# SR om o+HUM o %

The delimiters prevent the commands from being executed as you
enter them. Instead, they’re executed later when you evaluate the
program object.

Programming is covered in part 4 (chapters 25 through 31).
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Strings

Strings are sequences of characters, usually used to represent text in
programs. They’re delimited by quotation marks. For example, you

can enter the string "Miror of & Matrixz" onto the stack and then
print it.

A counted string i1s an alternate string form in which the number of
characters is specified. Counted strings are prefaced with # n, where
n is a real integer. % designates that the string is a counted string,
and n specifies the number of characters to be gathered into the
string. For example, entering C# 7 AEC DEF GHI from the command
line results in the creation of the string "HEC DEF". The leftover GHI
is entered as a name, just like it would be entered if it were on the
stack by itself.

Another form of the counted string prefaces the string with C# #.
This form specifies that all characters remaining on the command line
are put into the string.

Lists
Lists are sequences of objects grouped together, delimited by braces—
for example, 1 ¥ & 1 . Lists allow you to combine objects so they can

be manipulated as one object.

Graphics Objects

Graphics objects encode the data for HP 48 “pictures,” including plots
of mathematical data, custom graphical images, and representations of
the stack display itself. They’re created by certain plotting commands,
and they’re viewed in the Graphics environment. They can also be put
on the stack and stored in variables. On the stack, a graphics object is
displayed as

Graphic n = m
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where n and m are the width and height in pizels. (A pixel is one dot
in the display.)

Creating and manipulating graphics objects is covered in chapters 18
and 19.

Tagged Objects

A tagged object consists of any object combined with a tag that labels
that object. Tagged objects are keyed in as

itag: object

The colons delimit the tag. When a tagged object is displayed on the
stack, the leading colon is dropped for readability.

Example: Enter the numbers 5 and 9 with tags “B1” and “B2”, and
then calculate the product.

Enter the tagged objects.

@@ B! &) 5 ETERD)
@@ B2 ®) 9 ETER)

Calculate the product.

)

The tags were ignored by (x).

Tagged objects are particularly useful for labeling the contents of
variables and program output (see “Labeling Output with Tags” on
page 29-14).
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Unit Objects

A unit object consists of a real number combined with measurement
units. The underscore character (_) separates the units from the
number—for example, & _m and Z&. 7 _k+ StE

50.8 ft/s

Example: Calculate 55—

Enter the unit objects 50.8 ft/s and 2.5 s.

50.8 (|)(UNITS) LEHG FT o1 SH.8_ft-s
(Q@NTS) TIME @) & : 7
25 &

Divide the two values.

® 1: 2H.32_ft-5"2
[0k | b | K [N : [ ke |

Algebraic objects can contain unit objects, such as

R I L

Pty

When units are included in algebraic objects, the Equation Writer
application helps you enter, edit, and manipulate them. Here is the
same expression as it’s displayed by the EquationWriter application:

2
[4_ 25_&9'_"'_]
=1
11.5_kan |
5
[PARTZ] PROE | HYP | HATF [VECTR| ERSE |

Unit objects are covered in chapter 13.
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Directory Objects

The HP 48 uses directory objects to set up a hierarchical directory
structure for data you store. Directory objects are covered in chapter
7.

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.) Later on, it
will be helpful to know if an operation can be included in a program,
if it can be included in an algebraic object, and if it has an inverse or
derivative. Therefore, operations are classified by these categories
throughout this manual:

m Operation. Any action built into the calculator represented by a
name or key.

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

m Analytic function. Any function for which the HP 48 provides an
inverse and derivative.
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Analytic functions are a subset of functions—functions are a subset of
commands—and commands are a subset of operations.

SIN, for example, 1s an analytic function—it has an inverse

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

The operation index in appendix G tells you how each operation is
classified. Also, throughout the manual, HP 48 activities are referred
to as operations, commands, functions, or analytic functions where
appropriate.

Built-in function and built-in command objects describe the HP 48
command set. You can think of them as built-in program objects.
(Operations that aren’t commands are not objects—you can’t include
them in programs.)
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Additional Object Types

Three object types involve operations with plug-in cards (covered in
chapter 34):

m Backup objects. They are created when you store objects in a
plug-in memory card.

m Library objects. A library is a directory of commands and
operations that are not built into the calculator. Libraries can be
provided by a plug-in application card, or they can exist in built-in
or plug-in RAM.

m XLIB names. These are objects provided by plug-in application
cards.

Manipulating Objects

You can use several commands for assembling, disassembling, and
modifying portions of objects. These commands (except +) are
located in the PRG OBJ (program object) menu ((PRG) ©iE.J ).

Example
Command/Description
Input Output

+ (@) Combines two e RO 2
strings or lists, or adds an 1: L2353 F | 1: A2 =
object to a string or list.

2 "RECT | 2

1: "LE" | 1: "ABCLE"
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L. Example
Command/Description

Input Output

—ARRY ( #HEER ) Stack
to array; combines real or
complex numbers into an
n-element rectangular vector
or a matrix of dimensions
nby m. (norinmiisin
level 1.)

Podonfs 0

i R ]
fan}
panj
11
fd

R A

g
£

oo e
i R R I -

[Cf1 21

e LR

[l
'
g
b

LRl R B T O 1 |

ERR ]

]
|
A
[yl
fod
fd

CHR. Character; returns
the character corresponding
to the character code. (See
the character set in appendix

C.)

ot
na

14

fen
ot

C—R Complex to real; o ok
separates a complex number | 1: (s B
(or complex array) into two
real numbers (or real arrays)
representing the real part
and the imaginary part.

DTAG Delete tag; removes | 1: ArlEm | 1 123
the tag from a tagged object.

EQ— Equation to stack; e e Y
splits an equation into its PR ii
left and right sides.
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Command/Description

to the character.

character code corresponding

Input Output
GET Gets the nth (in 2 L4 581 |2
level 1) element of a vector, s & 1 =
matrix, or list, or the {n mz
element of a matrix. N
L7 & =131 | &
1: 4 | 1z 7
2 [04 5 &l
7 8 911 &
i3 L2 1 G i: T
I ABECY |2
1: = 1 B
GETI Get and increment; 3 [4 5 &l
same as GET, except also z [4 5 8l |2 =
returns the vector, matrix, i: i ]
or list to level 3 and the
number of the next element kS Z: [[4 5 &1
to level 2. 28 L[4 5 &l LV & 211
Ly & =11 | & 5
1% & 1 7
= Lh4 5 &3
2y L[4 3 &1 L7 & 917
1: = 2 1: o
—LIST Stack to list; & i &
creates a list containing n z 2
(in level 1) objects. 1 2 is frEe
NUM Returns the 1 e 1 &5
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Example

Command/Description

Input Output
OBJ— Object to stack; e 2
separates a complex 1 e S 1 =
number, array, or list into
its elements (same as C—R, | =t e
ARRY—, and LIST—); for , o
arrays and lists, also returns | i: L& =2 ] i: i
the number of elements or
dimensions to level 1. For s 1
strings, removes the string = z
delimiters and executes the 2 : 5
contents as a command iv oL 1 e £
line (same as STR—). For [ 11 ) 1 22 %
algebraics, separates the
outermost function and i ¥ 1
its arguments. For units, EE i =
separates the number and EH 2 Ty
the unit expression. For iz T2 Wy | i 3
tagged objects, separates the
tag and the object. 1ans mn 2 o= L 15
4t 41 A
s o =R
1r R+ B :
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L Example
Command/Description

Input Output

POS Position of an object PSR ST S A S e

in a list, or position of one i: o is
string within another.

2y “ARCDEFGT | 2@

: "DE" | 13

PUT Replaces the nth = L4 5 &l o

element of a vector, matrix, oH CE e

or list, or the £n m element | 1: 7 i [4 7

of a matrix, with the

contents of level 1. (n or L0435 81 =F

£n mZ is in level 2.) [P g 211 | 2:
=L 4 | 1: [[4 5
i: z [z &
Zr LT 89 S
1: A is £ F A

[y

Lt

| I |

i i

PUTI Put and increment; i {4 5 &1 | 3=
same as PUT, except also 2 Z 0] 2 [4 7
returns the list or array to 1s 7ol iz

level 2 and the number of

the next element to level 1. 2 L[4 5 &1 =
[ S 28 [04d 5

byl

i1 fed

w1

bd fnd

D )

K]
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Example
Command/Description
Input Output
REPL Replace; replaces @ 4R B O L =N
a portion of a list or string 2: Z | B
in level 3. Takes the 1z IF G | 1s $A F G L3
replacement object from
level 1 and the position in = AR oY | 3
the list or string to start 2 o 2
the replacement from level 1: iF G2 18 &R B F G
2. (How REPL works with
graphics objects is described | Z: IR B =H
under “Using Stack H g | zZ=
Commands for Graphics 1s {F G | 1: IR B F G2
Objects” on page 19-27.)
R—C Real to complex; 23 -7 | Z=
combines two real numbers 1 - 1z (g2
or arrays into a complex
number or complex array.
SIZE Number of elements is fUH 2 v | Ls =
in a list; number of
characters in a string; 1: "ABRCDEFG" 1: ¥
dimension of an array; and
size of a graphics object. 1: [[4 5 &1 1: I I
[V 2 2733
2: # &d
GEARPHIC &xlZ 1 #12d
—STR Object to string; 1: "A+E! 1: TrR+RY
converts an object to a
string.
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Example

Command/Description

Input Output
SUB Subset of a list or LA BRC | B
string. The positions of 23 5ol 2
the beginning and ending i: 5 i LB
elements are in levels 2 and
1. @i "ARBCDEFGT | 3
li i “I i"!‘ 1

—TAG Stack to tag;

combines two objects to b Livaluss 123
form a tagged object.

—UNIT Stack to unit; =

assembles a scalar from level | 1: 17.m ii S _m

2 and a unit expression from
level 1 to form a unit object.

GET, GETI, PUT, and PUTI allow name arguments in place of the
array argument. For example, evaluating '#1' 2 GET returns the
second element of AI; evaluating 'Fz' & "HEC" FUT replaces the
second element in A2 with “ABC”.

Determining Object Types

There are 20 types of objects used in the HP 48. Each object type is
represented by an integer.
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Object Type Numbers

4

Object TYPE Object TYPE @

Number Number .

Real number 0 Binary integer 10 :

Complex number 1 Graphics object 11 %

String 2 Tagged object 12 i
Real array 3 Unit object 13
Complex array 4 XLIB name 14
List ) Directory 15
Global name 6 Library 16
Local name 7 Backup object 17
Program 8 Built-in function 18
Algebraic object 9 Built-in command 19

To find the type of object in level 1:
m Press OEl (NXT) THFE  (the TYPE command).

To find the type of object stored in a variable:

1. Press () and enter the name of the variable.
2. Press B UTYEE (the VIYPE command).

The TYPE and VIYPE commands return a number representing the
type of object. VI'YPE returns —1 if the variable doesn’t exist.

Separating Variable Names by Object Type

To get a list of variables containing one type of object:

1. Enter the TYPE number for the object type you want.
2. Press (&9)(MEMORY) TWHES (the TVARS command).

The TVARS command returns a list containing the names of variables
in the current directory containing that object type. For example,
pressing THHES with 2 in level 1 returns a list of all the names of
variables containing programs. If no variables contain that object
type, TVARS returns an empty list to the stack.
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Evaluating Objects

Evaluation is the fundamental calculator operation for prodding

an object into action. Evaluation is often implicit in calculator
operations—it happens when commands are executed, programs are
run, etc.

To evaluate an object in level 1:

m Press (the EVAL command).

The result of evaluating an object can be a sequence of subsequent
actions, which can include further evaluations. The following table
describes the effect of evaluating different types of objects.

Obj. Type Effect of Evaluation

Local Name Recalls the contents of the variable. If appropriate,
the contents can then be explicitly evaluated using

the EVAL command.

Global Name Calls the contents of the variable:

m A name is evaluated.

m A program is evaluated.

m A directory becomes the current directory.

m Other objects are put on the stack.

If no variable exists for a given name, evaluating
the name returns the quoted name to the stack.

Program Enters each object in the program:

m Names are evaluated, unless delimited by tick

marks (7).

m Commands are executed.
m Other objects are put on the stack.
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Obj. Type Effect of Evaluation

List Enters each object in the list:

m Names are evaluated.

m Programs are evaluated.

m Commands are executed.

m Other objects are put on the stack.

Algebraic Enters each object in the algebraic:

m Names are evaluated.
m Commands are executed.
m Other objects are put on the stack.

Other Objects | Puts the object on the stack.

Example: Suppose you created two global variables:

m TWOPI contains the real number 6.28318530718.
m CIRCUM contains the program # TWOFT % 3

The label ZZTFEEL in the VAR menu represents CIRCUM . When you
press IR, here’s what happens:

1.
2. The program stored in the variable CIRCUM is evaluated.

3.

4. The real number stored in the variable TWOPI is returned to the

The name CIRCUM is evaluated.
The name TWOPI (the first object in the program) is evaluated.

stack.

. The command * (multiply) is executed.
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Calculator Memory

Every operation you perform with your HP 48
requires memory. This chapter describes the types
of memory, shows how to find out about memory
usage, and tells how to respond to low-memory
conditions.

Types of Memory
The HP 48 has two types of memory:

m Read-only memory (ROM). Memory that’s dedicated to specific
operations and cannot be altered. The HP 48 has 256 KB
(kilobytes) of built-in ROM, which contains its command set.
Except for the HP 48S model; you can expand the amount of ROM
by installing plug-in application cards, which are described in
chapter 34, “Using Plug-in Cards and Libraries.”

m Random-access memory (RAM). Memory that you can change. You
can store data into RAM, modify its contents, and purge data. The
HP 48 contains 32 KB of built-in RAM. Except for the HP 48S
model, you can increase the amount of RAM by adding memory
cards, which are described in chapter 34.

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

a variable, create an equation or matrix, run a program, etc. In
addition, the HP 48 does some system cleanup from time to time to
free memory for current operations.

The next two chapters, “Variables and the VAR Menu” and
“Directories,” cover the organization and management of user memory.

Calculator Memory 5-1



Finding Out about Memory Usage

To find out how much memory is available:
m Press (@)(MEMORY) HEHM (the MEM command).

The MEM command returns the number of bytes of unused user
memory. For exmaple, an empty memory for the HP 485X should

installed).

To get the memory size and checksum of the object in level 1:

m Press (9)(MEMORY) E¥ TE% (the BYTES command).
The BYTES command returns:

m Level 2: Checksum. The checksum is a binary integer specific to
the object. You can use checksums to ensure that you’ve keyed
in a large object (for example, a program or matrix) properly by
comparing the checksum of the listing with the checksum you get
after you’ve keyed it in. (Most programs in part 4 of this manual
have a checksum at the end of the listing to help you verify that
you’ve keyed in the program correctly.)

m Level 1: Number of bytes. The amount of memory in bytes the
object takes up. If the object is a variable name, the memory used
by the variable’s name and contents is returned. If it’s a built-in
object, 2.5 bytes is returned.

Additional memory commands are covered in chapter 6, “Variables
and the VAR Menu,” and in chapter 7, “Directories.”
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Saving and Restoring the Stack

Certain HP 48 operations clear the stack—but you may want to keep
the data stored there. You can save the contents of the stack in a
variable, then restore the stack later.

To save the stack in a variable:

1. Press SRR TH to get the size of the stack.

2. Press FrE to combine the stack into a list object.

3. Press (7)), type a name to use for storing the stack data, and press
STO ).

5
e

To restore the stack from a variable:

1. Optional: Press ()(CLR) to clear the current stack contents.

2. Press and the menu key for the name you used for storing the
stack data.

3. Press (PRG): fiEd 0B+ to expand the list.

4. Press («) to drop the number of restored objects.

If you don’t clear the stack, the current contents move up to levels
above the restored contents.

Clearing All Memory

Clearing memory erases all information you’ve stored and resets all
modes to their default settings. Therefore, you probably won’t do this
very often, or at least not without careful forethought.
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To clear all memory:

1. Press and hold down these three keys simultaneously: (ON), the
leftmost menu key (A), and the rightmost menu key (F).

2. Release the two menu keys, then release (ON). The calculator beeps
and displays the message Tiw To Fecouver Memora?.

3. Press. Hii . The HP 48 beeps and displays Memory Dlear.

If necessary, you can cancel the clearing operation before releasing

by continuing to hold down as you press the second menu
key from the left (B). You can also answer  %¥E%  to the Tru To
Fecover Memory? prompt—however, the calculator may not be able
to recover all memory at that point. You probably would lose at least
your stack, alarms, and user-key assignments.

Responding to Low-Memory Conditions

HP 48 operations share memory with the objects you create. Normal
calculator operation becomes slow or fails if user memory is sufficiently
full. When a low-memory condition occurs, the HP 48 returns one of a
series of low memory warnings. These messages are described below in
order of increasing severity.

“No Room for Last Stack”. If there’s not enough memory to save a
copy of the current stack, the message Mo Foam £ o Last Stack
is displayed when ENTER is executed. Also, the LAST STACK
operation ((4q)(LAST STACK)) is disabled.

This condition indicates that user memory is getting full. You should
make more room by deleting unnecessary objects from the stack or
deleting unnecessary variables.

“Insufficient Memory”. If there isn’t enough memory to complete
execution of an operation, Irzuf icisernt Memoru is displayed. If

the LAST ARG operation (((»)(LAST ARG)) is enabled (flag —55 is
clear), the original arguments are restored to the stack. If LAST ARG

is disabled (flag —55 is set), the arguments are lost.

Delete unnecessary objects from the stack or delete unnecessary
variables.
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“No Room to Show Stack”. The HP 48 may complete all pending
operations and then not have enough free memory to display the
stack. In this case the calculator displays Mo REoom To Show Stack
in the top line of the display. Those lines of the display that would
normally display stack objects, now show those objects only by type,

s

for example, Feal Humber, Alasbeaic, and so on.

The amount of memory required to display a stack object varies
with the object type. If there’s no room to show the stack, delete
unnecessary objects from the stack or delete unnecessary variables—
or store a stack object in a variable so that it doesn’t have to be
displayed.

“Out of Memory”. In the extreme case of low memory, there is
insufficient memory for the calculator to do anything—display the
stack, show menu labels, execute a command, etc. In this situation
you must clear some memory before continuing. A special vt of
Memorw procedure is activated, which starts with the following
dlsplay.

Out of Memory
Purge?
1: Real Array

To respond to the “Out Of Memory” prompts:

m To delete the indicated object, press
m To keep the indicated object, press = il
m To stop the procedure and see if the condltlon is fixed, press

When the procedure starts, the display asks whether or not you want
to purge the object (described by object type) in level 1—a real array
in the example above. If you delete it, the choice is repeated for the
new level 1 object. The succession of stack objects continues until
the stack is empty or you press | Hii . Then, the prompt to delete
level 1 1s replaced by a prompt to discard the contents of LAST CMD
((\9)(LAST cMD))—and then to delete other items in this order:

1. Stack level 1 (repeated).
2. The contents of LAST CMD.
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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.

© XN O W

—_

Note It is possible for the purge sequence to begin with
the command line and then cycle through the stack,
%} the contents of LAST CMD, etc. If you answer
Bii to the purge prompt for the command line,
you’ll be returned to the command line when you
terminate the Dt of Femory procedure.

The prompt for variables (prompt 9 above) starts with the newest
object in the HOME directory and then proceeds with successively
older objects. If the variable to be purged is an empty directory,

WEZ  purges it. If the directory is not empty, | ¥E#%  causes the
variable-purge sequence to cycle through the varlables (from newest to
oldest) in that directory.

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

A wvariable is a named storage location that contains
an object. 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.

The HP 48 uses two types of variables:

m Global variables. Common variables that remain in memory until
you purge them.

m Local variables. Temporary variables created by programs. They
exist only while a portion of the program is being executed and
can’t be used outside the program.

This chapter covers only global variables. Local variables are covered
under “Using Local Variables” on page 25-13.

Naming Variables

Variable names can contain up to 127 characters, and can contain
letters, digits, and most other characters. If a name is too long to fit
in a menu label, only the beginning of the name is shown.

Uppercase and lowercase letters are not equivalent—even though they
appear the same in menu labels.

The following characters can’t be included in names:

m Characters that separate objects: space, period, comma, &, and
object delimiters # [ 1 * ' £ ¥ ¢ » % %z
m Mathematical function symbols: + ~ % .

_j‘ =

i
1
H
i
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Names can’t begin with a digit. You can’t use command names (for
example, SIN, 7, or 7) as variable names. Also, PICT is a special
name used by the HP 48 to contain the current graphics object and
can’t be used as a variable name. Certain names are legal variable
names, but are used by the HP 48 for specific purposes. You can

use these names, but remember that certain commands use them as
implicit arguments—if you alter their contents, those commands may
not execute properly. These variables are called reserved variables:

m F(Q refers to the current equation used by HP 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.

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

PPAR contains a list of parameters used by PLOT commands.

PRTPAR contains a list of parameters used by PRINT commands.

IOPAR contains a list of parameters used by IO commands.

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

signs obtained in symbolic solutions.

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

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

Creating Variables

To create a variable by storing an object:

1. Enter the object to store.
2. Enter the name of the variable. (Press (7) and type the name.)
3. Press (STO) (the STO command).

The STO command removes the object and name from the stack and
stores the object in a variable with that name. If the variable doesn’t
exist, it’s created in the current directory. (Directories are covered in
chapter 7. If you haven’t created any directories, all your variables are
created in the HOME directory.) If the variable does exist, the new
object replaces the old object.

You can store any object type in a variable.
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To get the VAR menu of variables
m Press (VAR).

The VAR menu contains a menu key for each variable in the current
directory. You can use variable keys to type variable names and to

access the contents of variables. See “Using the VAR Menu and
REVIEW Catalog” on page 6-7.

Example: Create the variable VCT! containing the vector [1 2 3].
Enter the vector [1 2 3].

(E)@) 1 (5PS) 2 (5PC) 3 (ENTER) 1: [123]
vk [ 0 [ H [rHIN] = | HZ |

Key in the variable name and press (STO). If it’s not displayed, display
the VAR menu to see the new variable.

() VCT1 (s10) [WCTL[ 0FF ] KE | & [TRAt] 1 |

To create a variable from a symbolic definition:

1. Enter an equation with a name on the left side and a symbolic
definition on the right side.
2. Press (&9)(DEF) (the DEFINE command).

The DEFINE command can create variables from equations. If in level
1 you have an equation with a valid name as its left side, executing
DEFINE stores the expression on the right side of the equation in the
name on the left.

Example Use DEFINE to store 6 in the variable A. Press
""" ' (Q)(EED)

If flag —3 is clear (its default state), DEFINE stores the expression
without evaluation. If you’ve set flag —3, the expression to be stored
is evaluated to a number, if possible, before it’s stored. For example,
the keystrokes "A=1@+18° () (DEF) create variable A and store in it
gria’ if flag —3 is clear and Z% if flag —3 is set.
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Using the Contents of Variables

After you’ve created a variable, you can access its contents two ways:

m Fvaluate the variable’s name. (This is the most common way of
using variables.)

m Recall the variable’s contents.

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

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

Program. The program runs.

Directory. The directory becomes the current directory.
Other Object. A copy of the object is returned to the stack.

To evaluate a variable name:

m Press the variable’s key in the VAR menu.

or
m Enter the variable name (not inside tick marks) and press (ENTER).
For example, & evaluates G, and G evaluates G.

Example: Create three variables—A containing 2, B containing 5,
and ALG containing the expression '#+&'. Then evaluate them from
the VAR menu.

Display the VAR menu and create the variables.

VAR [aLs [ e | n [wcri] oiFF [ KE |
2 ENTER) () A (s19)

5 (ENTER) () B (570)
O A @ B @TER) () ALG GT9)

Evaluate ALG, B, and A. The contents of the variables are put on the
stack.

3¢ 'A+B!
s 2
1: &

[ALs | B [ A [wCT1] OIFF | KE |
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Recalling the Contents of Variables

Recalling a variable puts a copy of its contents on the stack—mnothing
is evaluated.

To recall the contents of a variable:
m Press () and the variable’s key in the VAR menu.

or
m Enter the name of the variable (inside tick marks), then press

(®)(RCL) (the RCL command).

Because recalling requires more keystrokes than evaluating a variable
name, recalling is used primarily to get a copy of a variable containing
a program, directory, or name. (For other object types, just evaluate
the name.)

Example: Store a program in ADDZ2, then recall it.

Enter the program, then store it.

@ T T O T W |
(D ADD2

Recall the program stored in ADD2.

() AbDE 1: €+ + ¥
(rope [ nlc [ B [ n [WCTL[ DIFF |

Changing the Contents of Variables

To change the contents of a variable:

m Enter the new contents in level 1, then press (&q) and the variable’s
key in the VAR menu.
or

m Enter the variable name in level 1 (inside tick marks), then press
(»)(VISIT), edit the contents, and then press (ENTER).
or

m Enter the new contents in level 2 and the variable name in level 1
(inside tick marks), then press (STO) (the STO command).
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Example: Change the contents of ADD2 from # + + ¥ to & Z + &,

Enter the new contents.

() («») 2 (+) (ENTER 1: €2+ »
[ppb2] ALG | E | A [VWCTL[ DIFF |

Store the new contents in ADD2.

[hoce |G | & [ # [woTl] COFF ]

Using Quoted and Unquoted Variable Names

The " delimiter is very important when you’re entering a variable
name. It determines whether the name is evaluated or not when you
press (ENTER). If the ' delimiter is present, evaluation is prevented—if
there’s no delimiter, the unquoted name is automatically evaluated.

To enter a variable name:

m To put the name on the stack, press (7)), then type the name or
press its VAR menu key.
m To automatically evaluate the name, type the name or press its

VAR menu key (without pressing (7).

Commands such as STO, RCL, and PURGE take a quoted variable
name as an argument from the stack.

When you evaluate an unquoted variable name, the action taken
depends on the object type of the contents. (See the earlier topic,
“Evaluating Variable Names.”)

If you execute an unquoted name that doesn’t exist (it’s a formal
variable, no variable has been created with that name), the name is
put on the stack with quotes. The ability to use names without having
to create variables enables you to do symbolic math with the HP 48.
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Using the VAR Menu and REVIEW Catalog

The VAR menu ((VAR)) contains a label for each global variable you’ve
created in the current directory.

To use the VAR menu:

m To evaluate a variable name, press its menu key.

m To recall a variable’s contents, press () and the menu key.

m To change a variable’s contents, enter the new contents on the stack,
then press («q) and the menu key.

m To type a variable name when the command line is in Algebraic- or
Program-entry mode, press the menu key.

m To display the REVIEW catalog of variables, press («q) (REVIEW).
(Press to return to the stack display.)

The REVIEW catalog shows the full names and contents of variables
on the current page of the VAR menu. The next keystroke you

make cancels the review, redisplays the stack, and then executes the
keystroke itself. If the VAR menu contains more than six labels, use

(NXT) and («9)(PREV) to change menu pages.

Example: Create a variable named OPTION containing 6.011991
and display the VAR menu.

6.011991 T T TR I I T |
() OPTION (s70)

Recall the value of the variable.
@0rt
Enter the name of the variable.

OorrLo

1: 6.H611991

1z

OPTIOjAOD2 [ ALG | E | ® VTl
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Display a catalog of the variables.

() (REVIEW) OFTION: 6.811991
ADD2: & 2 + %
ALG: 'A+E’
Br 5
A: 2
VCTI: [ 123 1
[OFTiO| ABD@ | ALE | E | & | WCTl]

Press to return to the stack display.

To reorder the VAR menu:

1. Create a list containing variable names in the order you want them
to appear in the VAR menu. The list doesn’t have to include all
the names—omitted names are positioned after included names.

2. Press ()(MEMORY) LiELER (the ORDER command).

One way to create the list (step 1) is to execute the VARS command
(@m “% ). VARS returns a list containing all the

variables in the current directory. You can then edit the list.

Purging Variables

To purge one variable:

1. Enter the variable name.
2. Press () (PURGE) (the PURGE command).

Example: Purge the variable OPTION created in the previous
example. (You can type the name or use the variable’s menu key as a
typing aid.)

(3 OPTION (+)(PURGE) N T 0 O W T |
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To purge more than one variable:

1. Create a list (with £  delimiters) containing the names of the
variables to be purged. (Press to put it in level 1.)
2. Press (&9)(PURGE) (the PURGE command).

To get a list of all variables in the current directory, press

(x)(MEMORY) WFREE (the VARS command). You can edit this list,
then execute PURGE.

Example: Suppose you had created the variables A, B, C', D, and
F—and now you want to purge A, B, and C. First, create the list

£ A E C ¥ containing the names to purge—press (&)3) H#

E = & (ENTER). (Notice that places the command line
in Program-entry mode.) Then press (|9)(PURGE) to delete those
variables.

To purge all variables:
1. Press ()(PURGE), a typing aid that displays CLYFF in the

command line.

2. Press (ENTER) to execute the command.

The CLVAR (clear variables) command purges all the variables in the
current directory. Since this command can erase a great deal of data,
there’s no immediate-execution key for it.

Recovering from Errors

To undo a STO or PURGE command for one variable:

1. Press (»)(LAST ARG) before executing any other operations.
2. Press (STO).

If you accidentally overwrite or purge a variable by pressing or
(®1)(PURGE), then ((#)(LAST ARG) returns the contents of the variable

prior to the error and the variable name to the stack. Then, you can
press to restore the variable.
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Doing Variable Arithmetic

The variable arithmetic commands perform arithmetic operations
on a variable’s contents without retrieving the contents to the stack.
The commands are located in the MEMORY Arithmetic menu

(@ WEMORY)).

Variable Arithmetic Commands

Key Programmable Description
Command
(2»)(MEMORY):
: STO+ Adds, subtracts, multiplies, or divides
STO— two objects, where one is taken from
STO= the stack and the other is the contents
STO/ of a variable specified by a name on the
stack. The new object is the level 2
object plus, minus, times, or divided by
the level 1 object, and it’s stored in the
specified variable.
SINV Computes the inverse, negative, or
SNEG complex conjugate of the contents of
SCONJ the variable named on the stack. The
result replaces the original contents of
the variable.

6-10 Variables and the VAR Menu




Variable Arithmetic Examples

Command Previous Stack Contents Final
Contents Contents
of ABC of ABC

STO+ 10 2 "HELC! 16
1 &

STO— 10 = 3 -7
1 'REC!

STO/ 20 2 "ABC! 10
1 2

20 = 5 0.25
1 REC!

Two additional commands, INCR and DECR, are used primarily in

programming. They’re covered under “Using Loop Counters” on page
27-13.
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Directories

Directories let you organize variables
into meaningful groupings. They also

_ let you “bury” information that you use
" infrequently and protect data that you
don’t want programs (or people) to alter
accidentally.

This chapter covers these topics:

Understanding what directories are.

Creating subdirectories.

Creating and accessing variables in directories.
Changing, purging, and manipulating directories.

Learning about Directories

The HP 48 lets you organize your variables in a hierarchical
structure—so that you can work with collections of variables, rather
than all variables at once. This helps keep your VAR menu from
getting too cluttered—and helps separate variables that aren’t related.

A directory is an object containing a collection of variable names
and corresponding stored objects. The current directory is the one
directory that’s active—the one whose variable names appear in the
VAR menu.
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Consider the following directory structure.

HOME
| | | |
PROG M EQUN G
| | | |
FNCT  MATH  STK A CHEM  PsIC
| | |
ARAY  TRIG C B A

The HOME directory is always the top-level directory. In this
example, it contains four variables—two variables (PROG and

EQUN) are names of subdirectories. Moving downward, MATH is a
subdirectory of PROG, and ARAY is a subdirectory of MATH . (You
can also say that MATH is the parent of ARAY, PROG is the parent
of MATH, and HOME is the parent of PROG.)

The sequence of directories—starting from HOME—that leads to
a directory is the path of that directory. The path of FQUN is
£ HOME E@H . The path of ARAY is « HOME FREOG MATH ARAY .

The path of the current directory is the current path—which is shown
in the status area of the display.

Current
path —>

HOME PROG MATH }

L
g
3
e

1:
im----|
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A directory is normally stored in a variable—and when its name
appears in the VAR menu, its menu label has a bar over the top-left
corner to show that it’s a directory.

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

To put the path of the current directory on the stack:

m Press ()(MEMORY) EfTH (the PATH command).

The PATH command returns the path of the current directory

in the form of a list of directory names. For example, if ARAY
were the current directory and you executed PATH, the list

£ HOME PROG MATH ARAY * would be returned to level 1. (You
can evaluate a directory path with EVAL to switch to the directory
specified by the path.)

Creating Subdirectories

To create a subdirectory in the current directory:

1. Enter a name for the subdirectory. (Press (7) and type the name.)
2. Press (&9)(MEMORY) £E[: 1 E (the CRDIR command).

The new name is added to the VAR menu. A bar over the top-left
corner of the menu label indicates that it’s a directory.

When you create a variable, it’s added to the current directory. If
the variable name already exists in that directory, the new variable
overwrites the previous contents.

Example: Create two subdirectories in the HOME directory. Name
them FQUN and PROG.

If necessary, press (»)(HOME) to make HOME the current directory.
(The status area should display ¢ HOME .) Then, display the VAR
menu. (Your VAR menu may be different.)

VAR | TR AT R I S T |
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Create the subdirectories.

(D) EQUN (&) (MEMORY)
() PROG CEDIR

The names of the new directories have been added to the VAR menu.
A bar over the left side of each label indicates that they’re directories.
Now, switch to the FQUN directory. Its VAR menu is initially empty.

[ProG [Ecunlaonaaia [ B [ & |

EGUH

l{ HOME EQUN } |

Store '¥=ZIM{x2' into a variable named WAVE. Its label is placed
in the VAR menu.

MY ®EEM X Gawel 1T
(D WAVE

Accessing Variables in Directories

When you evaluate a name, the HP 48 searches the current directory
for that name. If the name isn’t there, the HP 48 searches the parent
directory, continuing upwards, if necessary, all the way to the HOME
directory. This provides several useful features (examples are taken
from the diagram on page 7-2):

m A variable in the HOME directory can be accessed from any other
directory as long as there is no other variable with the same name
along the current path. For example, variables M and G can be
accessed from anywhere. However, if the PROG directory contained
another variable M, that variable would be used when PROG,
MATH, or ARAY was the current directory.

m Variables beneath the current directory can’t be accessed. For
example, when EQUN is the current directory, you can’t access
variables in the PSIC directory.

m You can use duplicate variable names. For example, the two
variables A are untelated—one can be accessed from MATH and

ARAY | the other from PSIC.
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Changing Directories

To switch to any directory:

m Enter a list (with £ * delimiters) starting with HOME and
containing the path to the directory, then press (EVAL).

To switch to a subdirectory:

m Press the menu key for that directory in the VAR menu.

or
m Enter the unquoted directory name and press (ENTER).
or

m Enter a list containing the path to a lewer-level directory you want

and press (EVAL).

To switch to a higher directory:

m To switch to the next higher directory, press (¢9)(UP) (the UP
command).

m To switch to the HOME directory, press (@»)(HOME) (the HOME
command).

m To switch to any higher directory along the current path, enter the

unquoted directory name and press (ENTER).

Purging Variables and Directories

You use the PURGE command to delete selected variables in the
current directory. See “Purging Variables” on page 6-8 for details.

But if you want to delete a directory, you usually must delete all
variables in that directory first.
To purge all variables in a directory:

m Press ()(PURGE}—a typing aid that displays CL%FAR in the
command line—then press to execute the command.

or
a Press (G)(MEMORY) #HES , then press () (PURGE)

Directories 7-5



The CLVAR command purges all variables in the current directory.
The VARS command returns a list containing all the variables in the
current directory. Empty subdirectories are successfully purged by
these steps. However, if the current directory contains a subdirectory
that’s not empty (it contains variables), you get an error, leaving that
subdirectory as the first entry in the VAR menu.

To purge an empty directory:

1. Switch to its parent directory.
2. Enter the directory’s name. (Press (), then press the directory’s
menu key or type its name.)

3. Press («)(PURGE).

Or, after a directory is empty, you can purge it with other variables
using the PURGE or CLVAR command.

To purge a directory that’s not empty:

1. Make sure you know what you’re deleting before you do this.

2. Switch to its parent directory.

3. Enter the directory’s name. (Press (), then press the directory’s
menu key or type its name.)

4. Press (|@)(MEMORY) (NXT) (NXT) Fizli 1 E (the PGDIR command).

Using Directory Objects on the Stack

A subdirectory is a variable containing a directory object. Creating a
subdirectory with CRDIR (create directory) is analogous to creating
other variables with STO, except that you are specifically creating

a variable containing an empty directory object. For example, ()
EQUN LE[L1E creates a directory EQUN by storing an empty
directory object into a variable named EQUN .

To recall a directory object to the stack:

m Press () followed by the directory’s menu key in the VAR menu.
or
m Enter the directory’s name (press (7), then press the directory’s

menu key or type its name), then press (@%)(RCL).
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Directory objects are displayed as:

LIR
name; objecty
names objects

EMD

where name,, is the name of a variable in the directory, and object,,
is the contents of that variable. The words [*IF and EM[: are the
delimiters of the directory object. (You can also create or edit a
directory of this form in the command line.)

Because subdirectories are variables containing a particular type of
object, you can manipulate them like other variables. For example,
you can recall them to the stack and then store them in another
directory. This provides a way to copy or move subdirectories.

HOME is a special directory that is not a variable. Therefore, you
can’t manipulate it as an object the way you can manipulate other
directories.

Example: Change the directory name FQUN to BIO.

Switch to the HOME directory, then recall the FQUN directory to the
stack.

@) (o)
(D EQUN @)D

1= DIR
EEHE 'Y=SINCR)'
(TR (T TN T T

Store it using the new name.

() BIO [ Ein Trens [ecunl oo [als | & |

Purge the old directory, then check the VAR menu.
(«)(MEMORY) (NXT) (NXT) Rl IR
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7 Note If you recall a directory to the stack and then change
i the directory contents, the copy on the stack will

% change as well.
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More about Algebraic Objects

Algebraic objects (algebraics for short) are the
]_“_ vehicle for symbolic mathematics in the HP 48.
— This chapter addresses topics that will help you
' ﬁ understand better the behavior of algebraics:

m Evaluation of algebraics.
m Rules of algebraic precedence.
m Expressions and equations.

Entering Algebraics

You can enter equations and expressions in the command line—or

you can use the EquationWriter application. (The EquationWriter
application is described in chapter 16.) Algebraic objects are delimited
by two ' marks.

To enter an algebraic in the command line:

1. Press (7).

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.

3. Press (ENTER).

For algebraic syntax, arguments usually appear in their common
locations: before and after functions like + and /, or inside
parentheses after functions like SIN and MAX.
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Evaluation of Algebraics

FEvaluation moves an algebraic towards its numeric value.

To evaluate an algebraic in level 1 (or in the command line):

m Press (the EVAL command).

The Evaluation Process

To understand what to expect when you evaluate an algebraic,
recognize that an algebraic is equivalent to a program (introduced in
chapter 1). A program is simply a series of objects enclosed by # =
delimiters. Evaluating a program means: “Put each object in the
program on the stack, and, if the object is a command or unquoted
name, evaluate it.” The same procedure is carried out when an
algebraic is evaluated. Names in algebraics normally aren’t quoted (if
necessary, you can use the QUOTE function to prevent evaluation).

Suppose variable X contains the value 3, and Y has value 4. When
you execute '#H+Y' EWAL, 7 is returned to the stack. Here’s how:

1. The name X is evaluated, returning = to level 1 of the stack.

2. Y is evaluated, returning 4 to level 1 and pushing = to level 2.

3. + is evaluated, taking the arguments = and 4 from the stack and
returning 7.

Now suppose variable X contains the value 3 and variable T is
formal—meaning it has no value stored in it, it doesn’t exist. When
you execute '¥-T*' EVFAL, 'Z~T' is returned to the stack. Here’s
how:

1. X is evaluated, returning = to level 1.

2. T is evaluated. Because T has no value associated with it, it just
returns 'T* to level 1, pushing = to level 2.

3. This time ~ takes arguments = and 'T' from the stack. Because
'T' is an algebraic, — returns an algebraic 'Z~T" to level 1.
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Stepwise Evaluation

Evaluation is a stepwise process—EVAL causes only one level of
substitution.

Example: Evaluate 'TA*E', where A contains 'E+5') B contains
"Yoo' and X contains E.

Create the three variables.

(B@®m>5ENTER) (DA T T TR I O |
OXE2ENTER)(D B (570)
30X T

Evaluate 'JA#E'. Each occurrence of A evaluates to 'E+5' and each
occurrence of B evaluates to '=s2t.

(x)AX)B 1: '[(B+2) % (K-2) !
® [ i [P0 [aoia[aic | B | & |

Evaluate the algebraic again. Once again, each occurrence of B

evaluates to '#-2'. Furthermore, each occurrence of X evaluates to

1: 'J(Hs2+5)%1.5'
ST T T AT A T

Evaluate again to complete the process.

1: 3. 89242646352
[ B0 [PROSJabba[ALG [ E | & |

Symbolic and Numeric Results

In the previous example, the HP 48 was in Symbolic Results mode—
repeated evaluation resulted in the progressive resolution of symbolic
terms until a numeric result was obtained. This is the default state for
the calculator. If you select Numeric Results mode, algebraics evaluate
directly to a number in one step.
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To switch to Numeric Results mode or to Symbolic Results mode:

= Press (¥7)(MODES)

/Z%ME means Symbolic Results mode is active. | 5%#H means
Numeric Results mode is active.

Or, you can set or clear flag —3 to change the results mode. The
results mode governs execution of functions—algebraics are affected
indirectly.

Example: Evaluate the algebraic from the previous example in
Numeric Results mode. Then restore Symbolic Results mode.

(\)(MODES) & 1: 3. 8242646352
O@®AX [ET0 s Fii | 50 | ENG [ =i a[EEER

T

Note that in Numeric Results mode, evaluation of an algebraic that
contains a formal variable (one in which no object is stored, one

that doesn’t exist) generates an error because that variable prevents
obtaining a numeric result. For example, in Numeric Results mode,
evaluation of '#+T' where X has value 3 and T is formal leaves Z in
level 2 and 'T' in level 1, and displays the message:

+ Erors
Undef ined Hams

To evaluate an algebraic directly to a numeric result:
m Press ()(>NUM) (the =NUM command).

The —NUM command evaluates an algebraic in level 1 (or in the
command line) directly to a numeric result regardless of the results
mode:

1. Switches to Numeric Results mode (if Symbolic Results mode is
active).

2. Executes EVAL.

3. Turns Symbolic Results mode back on (if it was on before execution
of =NUM).
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Automatic Simplification

When you evaluate certain functions, they replace certain symbolic
arguments or combinations of arguments with simpler forms. For
example, when you evaluate '1%4"', the % function detects that one of
its arguments is 1, so the expression is replaced by '&'. The following
table shows several examples of automatic simplification.

Original Expression Simplified Expression

"RES -
ERPOLMORY !
'COMJCRECH Y !

Rules of Algebraic Precedence

The precedence of operators in an algebraic determines the order of
evaluation of terms. Operations with higher precedence are performed
first. Algebraics are evaluated from left to right for operators with the
same precedence. The following list gives HP 48 functions in order of
precedence, from highest (1) to lowest (11):

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

Functions like SIN or LOG that require arguments in parentheses.
I (factorial).

Power (™) and square root ().

Negation (-), multiplication (%), and division ().

Addition (+) and subtraction (-).

I A T

Comparison operators (== # < » & ).
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8. Logical operators AND and NOT.
9. Logical operators OR and XOR.
10. The left argument for | (where).
11. Equals (=).

Example:

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

"ATCEEEY! Raises A to the power 3+ B, since an expression

within parentheses has a higher precedence than .

Expressions and Equations

An ezxpression is an algebraic that does not contain an = function.
An equation is an algebraic that does contain an = function. For
example, "SIHCE~ATAM 2% +&%5 " is an expression, and

' is an equation.

SIMCRI=ATAMNC 2R

RN
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, 'H=Y"' SIH returns 'HIHCHI=SIHCY 2.

In the HP 48, the = sign generally means equating two expressions.
The DEFINE command ((«q)(DEF)) interprets = differently—it stores

the expression on the right side of the = sign in the name on the left
side.
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Related Topics

This chapter does not cover all aspects of algebraic objects—they’re
used in many different ways in the HP 48. You can find related topics
in the following sections of the manual:

m “Using Symbolic Constants” on page 9-15.

m “Using Symbolic Arguments with Common Math Functions” on
page 9-18.

m “Using Complex Numbers in Algebraics” on page 11-7.
m “Using Unit Objects in Algebraics” on page 13-7.

In addition, in chapters 17, 18, 19, 22, 23, and 25 through 31, you’ll
see how algebraics are used extensively in the HP Solve application,
plotting, algebra, calculus, and programming.
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9

Common Math Functions

The MTH menu ((MTH)) is a menu of four
specific mathematical menus. Many of the
common math functions described in this
chapter either are found on the keyboard or
are located in the PARTS, PROB, HYP, and
. VECTR menus, which are submenus of the
MTH menu. Press to see menu labels

for these submenus.

Algebraic Syntax and Stack Syntax

As described under “Built-In Functions and Commands” on page 4-10,
functions are a subset of commands. The difference between functions
and other commands is that functions can be included in algebraics.
This means that functions can take their arguments from the stack
like other commands, or they can be executed in algebraic syntax as
part of a symbolic expression.

Example: Algebraic Syntax. Calculate the sine of 30° using a
symbolic expression.

Make sure Degrees mode is set.

(«)(MODES) (NXT) (NXT) BEL [VE o] Rab [GRap [5V2 o] Ra? | Raa |

Activate Algebraic-entry mode and enter the expression, supplying the
argument in algebraic syntax.

(O En) 30 (ENTER) 1: 'SINC3E)
[0 o[ fnt | GRAD |12 o] a2 | Fad |
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Evaluate the expression.

1:

.3
[LE o] kil [GRAL [ 372 ] Rad [ oo

Example: Stack Syntax. Calculate the sine of 30° using an
argument from the stack.

Enter the argument on the stack.

30 e .3
Calculate the sine of the argument.
SIN o1 .5

Keep in mind as you work through the rest of this chapter that you
can execute these functions both ways. The rest of this chapter
describes:

m The various sets of functions for manipulating real numbers. You
can also use many of these functions with other object types.

m The HP 48 built-in symbolic constants—, e, i, MAXR (maximum
real number), and MINR (minimum real number).
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Arithmetic and General Math Functions

Many arithmetic and general math functions are found on the
keyboard.

Arithmetic and General Math Functions

Key Programmable Description
Command
INV Inverse.
V4 Square root.
@) SQ Square.
NEG Change sign. Changes the sign of the

number in the command line. When no
command line is present, executes
a NEG command (changes the sign of
the argument in level 1).

+ Level 2 + level 1.

Level 2 — level 1.

Level 2 x level 1.

Level 2 = level 1.

Level 2 raised to the level 1 power. The
algebraic syntax for the » command is
tytot.

XROOT The zth (in level 1) root of a real value
in level 2. The algebraic syntax for the
XROOT command is 'H#EOOTzays ',

Ho®o®

g

Example: Calculate 2.711%1:%. First, enter 2.7.

2.7 1: 2.7
[UES o Al |GRAD | 402 a] a2 | Fad |

Next, calculate 1.1 x 1.6.

1.1 2t y

1.6 (%) 1: 1.76
[DEG a] Al [ GRAD | 572 8] RaZ [ Rid |
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Now, do the exponentiation.

1: 3. 74381218967
[UES u| Fab [GRAD]HVE o] Rdl | Rao |

Example: Calculate v/28.

28 @@ |1= 3. B365889?188I
[UEG =] FAD [GRAD]HVE o] Ra2 | Raa |

Example: Enter the complex number (2,4) and negate it.

@2 4 1: (=2,-4)

[0ES o] RAD [GRAD[HYZ o] o2 | Rds |

Compare the previous results to what happens when you press
immediately after keying in the 4.

@) 2 (5PC) 4 (/) (ENTER) Ff (E%,—ig
(08 =] FAD [SRAD 212 o Fes | Rod |

Example: Use a function name (unevaluated) in an algebraic
expression.

A5 1: g
[0ES ] AL [GRAD] HY2 o] Fa2 [ Fdd |

Evaluate the expression.

1: 2. 2368679775
[0ES u] AL [GRAD]HYS o] Fdd | Fdd |

Fraction Conversion Functions

Two functions enable you to find a “best-guess” fractional
approximation to a real number. The fraction is returned as an
algebraic expression involving the division of two integers.
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Fraction Conversion Functions

Key Programmable Description
Command
YD) —Q Quotient approximation. Returns

“best-guess” fraction for a real number,
reflecting the accuracy implied by the
display mode.

(S ELGEERA) (page 2):

—Qm Quotient-7 approximation. Returns
“best-guess” fraction for a real number,
possibly including = and reflecting the
accuracy implied by the display mode.

The accuracy of the fractional approximation is dependent on the
display mode. If the display mode is Standard ((«q)(MODES) &7TL ),
the approximation is accurate to 11 significant digits. If the display
mode is n Fix, the approximation is accurate to n significant digits.

—Qm computes both the fractional equivalent of the original number
and the fractional equivalent of the original number divided by 7,
and then compares the denominators. It returns the fraction with
the smallest denominator—this fraction might be the same fraction
returned by —Q, or it might be a different fraction multiplied by =.

Example: Convert 7.896 to a pure fraction using —Q.

RC émmmm;?%%
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Exponential, Logarithmic, and Hyperbolic
Functions

Exponential and Logarithmic Functions

Key Programmable Description
Command
(x)@*) ALOG Common (base 10) antilogarithm.
()(Log) LOG Base 10 logarithm.
EE) EXP Natural (base e) antilogarithm.
(>)N) LN Natural (base e) logarithm.

Hyperbolic Functions

Key Programmable Description
Command
MTH HiF

SINH Hyperbolic sine: (e® —e™")/2.
ASINH Inverse hyperbolic sine: sinh™! z.
COSH Hyperbolic cosine: (e® + e~%)/2.
ACOSH Inverse hyperbolic cosine: cosh™! z.

THEHH TANH Hyperbolic tangent: sinh z/cosh z.

HITHH ATANH Inverse hyperbolic tangent:

sinh_l(z/\/l —z?).

EXPM e’ — 1. Argument z is in level 1.

(EXPM is more accurate than EXP
when the argument to e” is close to 0.)
LHEL LNP1 In (z 4+ 1). Argument z is in level 1.
(LNP1, In plus 1, is more accurate than
LN when the argument to In is close to

1)

Example: Calculate the hyperbolic sine of 5.

5 Hil 1: 4. 2H321657 78
[EINH [A5INH] COZH [ACOZH] THNR [RTAN ]
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Percent Functions

Percent Functions

Key Programmable Description
Command
FRETE (page 2):
% A percent of B, or B percent of A (A is
in level 2, B is in level 1): (A x B)/100.
%CH The percent change from A to B, as a

percentage of A (A is in level 2, B is in
level 1): ((B — A)/A) x 100.

BT %T The percent of total (the total, A, is in
level 2 and the value, B, is in level 1):
(B/A) x 100.

Example: Calculate 12.5% of 650.

650 12.5 1: 8l.23
: Crii Tt [Hon | [ el [T ]

FRET :

Example: Calculate the percent change between 8 and 8.5.

8 8.5 1: 6.25
T TR T I N T
Example: If 35 out of 500 units fail a test, what percentage failed?
500 T .
35 =i [HIN | MAs MO0 ] 5 [ %0H [ =T |
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Trigonometric Functions, Angle Mode, and =

Selecting the Angle Mode

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

Angle Modes
Mode Definition Annunciator
Degrees | /360 of a circle. (none)
Radians | 1 /o7 of a circle. AL
Grads | 1/400 of a circle. GRAD

To change the angle mode from the keyboard:

m Press (9)(RAD) to switch between Radians mode and Degrees mode.
(If Grads mode had been previously selected in the MODES menu,
this switches between Radians mode and Grads mode instead.)
or

m Press (&@)(MODES) (NXT) (NXT), then | [iEE | EHE | or GEARDE .
The @ in the menu label indicates the active mode.

Trigonometric Functions

For trigonometric functions, the angle arguments and results are
interpreted as degrees, radians, or grads, depending on the current
angle mode.
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Trigonometric Functions

Key Programmable Description
Command
SIN SIN Sine.
(x)(AsIN) ASIN Arc sine.
COsS COS Cosine.
(e9)(Acos) ACOS Arc cosine.
TAN TAN Tangent.
(®)(ATAN) ATAN Arc tangent.

Example: Set Radians mode, then calculate the sine of 1.1 radians.

(®)(MODES) (NXT) (NXT)  RHl: 1: . 891787366061
11 |mmmmmum[m|

The Constant »

The number 7 cannot be represented exactly in a finite number of
decimal places. The calculator provides a 12-digit approximation
(3.14159265359) to w. The HP 48 also provides a symbolic constant

that represents 7 exactly.

In Radians mode, the SIN, COS, and TAN functions recognize
the argument 7 and return exact results. SIN and COS also
recognize 7 /5.

To enter the symbolic constant ' 7' in level 1:

m Press (q)(@).

If Numeric Results mode is active (the MODES menu shows @ &%# |
flag —3 is set), you get the numeric approximation instead.

To replace ‘7' with its 12-digit value:
m Press (#)(2NUM) (the —=NUM to-number command).

See “Using Symbolic Constants” on page 9-15 for more information
about 7 and other symbolic constants.
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Example: Calculate cos (" /2) and cos (™ /4). (Thi
the calculator is in Symbolic Results mode—the |
1 of the MODES menu has a = in it.)

example assumes
Z4He  label on page

If necessary, switch to Radians mode. Then, put 'w' in level 1 and
divide it by 2.

(®)(MODES) (NXT) (NXT 1: "2
@ 2 @ [ DES | RnD m[iSRAD [ 8Y2 e Ru? | Rdd |
Calculate the cosine.
cos 1:
| DES | AL m[GRAD | 542 ] Fo? | Rdd |
Now, enter /4.
@@4E) s
I: g
| DES | Rl e[ GRAD | BVZ 8] Bd2 | Rad |
Now, calculate cos (7 /4).
CoS a A
1: 'COSCw-4)'
| DEG [ FAD [ GRAD [ #V2 o] FdZ | Fdd |

The HP 48 retains the symbolic constant 7 and returns a symbolic
expression. Use —NUM to calculate a numeric result.

[ 2 ]
1: . FB7186781186
[UEG | o o] GRA0 |12 o] 2 [ hod |

Press - to switch back to Degrees mode.
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Angle Conversion Functions

Two commands in the MTH VECTR menu convert values between
decimal degrees and radians. Four other commands in the TIME
menu let you do degrees-minutes-seconds calculations using
hours-minutes-seconds (HMS) format. See “Making Time and Angle
Calculations” on page 24-18.

In Degrees mode, angle arguments and results use decimal degrees.

Angle Conversion Functions

Key Programmable Description
Command
MTH Z1E (page 2):

D—R Degrees to radians. Converts a number
from a decimal degree value to its
radian equivalent.

R—D Radians to degrees. Converts a number
from a radian value to its decimal
degree equivalent.

(®)(@TME) (page 3):
SHHE —HMS Decimal to HMS. Converts a number
from decimal degrees to HMS format.
HRE+ HMS— HMS to decimal. Converts a number
from HMS format to decimal degrees.
HMS+ Adds two numbers in HMS format.
HMS- Subtracts two numbers in HMS format.
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The following illustrates the conversion to and from HMS format:

Decimal Hours-Minutes-Seconds
Format Format
=+ HMS S

1.42673 1 2L§§§22H§

T HMS > A 'T‘
Hours (or Fractional seconds
degrees)

Seconds
Fractional Minutes
hours (or degrees)

Hours (or degrees)

Example: Convert 1.797 radians to degrees. First, enter 1.797.

1.79 (ENTER) 1: '1.79%7'
@@® [UEG s AL | GAD | 72 o hod [ Fad |

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

(MTH) HEL NXT 1: 'R+0(1. 79*m)'
[Vs [ 342 | +u3 | [k JRet] |

Use —NUM to obtain a numeric result.

) L 322.2
(s [ w2 | w3 [0k [t [

Example: Add 25.2589 degrees to 34 degrees, 55 minutes, 31.22
seconds.

Convert 25.2589 degrees to HMS format.

25 2589 () ([TME) (NXT) (NXT) 1 5. 153284
S [#HHZ[HEE* [HHE+ [HME-] | ]

Add 34 degrees, 55 minutes, and 31.22 seconds to the result.

34.553122 fHpsa 1: 6. 118376
[PHHZ [HMzZ* (WM [HE=] ]
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Factorial, Probability, and Random Numbers

Factorial, probability, and random number commands are found in the
MTH PROB menu ((MTH) FREOE ).

Probability Commands

Key Programmable
Command

Description

COMB

FERN PERM
i !
FHHD RAND

RDZ

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

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

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

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.

Example: Calculate the number of combinations and permutations of

10 objects taken 4 at a time.

FROB
10 (ENTER) 4 ¢

) T ARS)

Ct c1d
: ob48
[corE[PERM] ! [RAND] Roz [~ |
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Other Real-Number Functions
The functions in the following table are found in the MTH PARTS

menu ((WTH) |
Example
Command/Description
Input Output

ABS Absolute value. i: -1z |1 iz
CEIL Smallest integer i: -3.5 | i =
greater than or equal to the
argument. iz 2.5 i 4
FLOOR Greatest integer 1: .9 | 1 &
less than or equal to the
argument. 1z -5, 9 iz -7
FP Fractional part of the 1: S.234 |1 234
argument.

1: -5.224 | 1: -.234
IP Integer part of the 1: -S.234 | is -5
argument.

iz 5.2%8 i: 3
MANT Mantissa of the 1: 1.28E12 i 1.22
argument.
MAX Maximum; the Zs S| 1 ]
greater of two arguments. iz =
MIN Minimum; the lesser = =] 1z —&
of two arguments. 1: -5
MOD Modulo; remainder Z: & | i: z
of 4/g. AMOD B = 1s 4
A — B FLOOR (4 /p).
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Command/Description

RND Rounds number Z: 1.2245678
according to argument: i:
0 < n <11 rounds to n FIX,
—11 < n < —1 rounds to n Z: 1.2245678
significant digits, and n = 12 | i: -
rounds to the current display
format.

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

TRNC Truncates number
according to argument:

0 < n < 11 truncates to

n FIX, =11 <n < -1
truncates to n significant i:
digits, and n = 12 truncates
to the current display
format.

XPON Exponent of the 1: 1.22E45 | 1= 45
argument.
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Using Symbolic Constants

The HP 48 has five built-in constants: =, e, i, MAXR (maximum

real number), and MINR (minimum real number). Use lowercase
letters for ¢« and e. The examples under “The Constant 7#” on page 9-9
show the use of 7. The constant ¢ is covered under “Using Complex
Numbers in Algebraics” on page 11-7.
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Example: The following keystrokes calculate e?'5 two ways—using
and using e.

First, use the keyboard function.

25 @DE) i 12. 1824939667
[COME[PERM] ! [RAMD] EDZ | |

Second, enter a symbolic expression using e. (The keystrokes for the

letter “¢” are (@) (&q)) E.)

OeD25 ? 12. 182493%5%?
[corE[PERH] ! [RAND] oz [ ]

Execute —NUM to completely evaluate the expression to a number.

)(=Num) 2t 12.1824939667
1: 1Z. 1824939667
[COHE[PERH] ! [RAND ] R [ |

Using Values for Symbolic Constants

You can use the constants in their symbolic form or as their
machine-approximated values. When the MODES menu shows

E4%Mu | which is its default state, functions operating on symbolic
constants return symbolic results. This state is called Symbolic Results
mode. When the menu shows  &%M | Numeric Results mode is
active—functions return numeric results.

To switch to Numeric Results mode or to Symbolic Results mode:

m Press (&q)(MODES) &M

Example: Assuming Symbolic Results mode is currently active (the
MODES menu shows Z%fis ), compare the effects of entering = and e
in Symbolic Results mode and in Numeric Results mode.

Enter 7 and e in Symbolic Results mode. (The keystrokes for the

letter “e” are (@) () E.)
@@ e
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Enter 7 and e in Numeric Results mode.

@@ - @D ;

Z.
(70 8] Fiti [ 501 [ ENG ] S¥H ]

Press %7l to restore Symbolic Results mode.

Using Flags to Interpret Symbolic Constants

System flags —2 (Symbolic Constants) and —3 (Numeric Results)
control whether evaluating symbolic constants return symbolic or
numeric results. The default setting for both flags is “clear.”

To control the evaluation of symbolic constants:

m To leave a symbolic constant unchanged, clear flags —3 and —2

(their default states). Press ((»)(®NUM) to replace the constant with

its numeric value.

m To replace a constant with its numeric value, set flag —3.

m To replace a constant with its numeric value exzcept when it’s the
argument of a function, clear flag —3 and set flag —2. Press
or (»)(=NUM) to replace the function with the numeric result.

The —NUM command always returns a numeric result, regardless of
the flag settings. (The MODES menu always shows the state of flag
—3: m¥He if clear,  2%¥H if set.)

Example: To see the effect of the flag settings, clear both flags and
enter w. (Note the right shift.)

2 (»)(MODES . BE 1: !
3 . as [THEW]KELM| STOF [RELF| ZF | CF |

@@

Now, set flag —2 and press (|9)(ar). It produces a numeric result.

204 B % 3 14159265%‘%'
2@ [THENRCLML STOF LRELF] SF [ iF ]

Common Math Functions 9-17



Now, enter the ezpression w. Because flag —3 is clear, the result is
symbolic.

O @)@ ENTER)

3: T
%= 3.14159265359
. I"I

Divide the symbolic 7 by 2.

Q)

3: I.n;I
%= 3.141592653%9
H 1 Vs 1
mnﬁuﬁmumnﬁnﬂnmuﬂlmﬂﬂaail

EVAL returns a numeric result with the current flag settings.

- H !
ra 3. 14159265359

1: 1.57/H7963268
THEN[RCLMETOF [RCLF] 5F [ CF

Press 2 e to return to the default flag settings. (If you set
flag —3, press 3 )

Using Symbolic Arguments with Common Math
Functions

Functions that take real numbers as arguments also take symbolic
arguments in the same way. For example, if ABS were executed with
an argument of X instead of a number, the expression 'REZ(H:*
would be returned to the stack. Then, if the variable X contained a
value, pressing would evaluate the expression for that value. (If
flag —3 is set, a function taking a symbolic argument from the stack
automatically evaluates to a number, if possible, when the function is
executed.)
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10

User-Defined Functions

The HP 48 lets you complement the built-in
functions (such as SIN, LN, and MAX) with 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.

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
'namet argumentsr=expression .

To create a user-defined function:

1. Enter an equation that specifies the function name and its
arguments on the left side, and the expression that defines the
calculation on the right side. On the left side, use commas to
separate multiple arguments.

2. Press (&9)(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, ... natatime: C =2" —1.
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Enter the equation for CMB. (Use (&) to type lowercase letters.)
O CMB ) n () 1: 'CMBCn)=2"n-1"
Q20901 [THEMW[RCLM] STOF[RCLF] SF | CF

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

(w)(DEF)

Example: Create a user-defined function to calculate the
surface area of a cylinder from its radius and height. Enter

PECYL Oy hrs2ewershZenr 2t and press () (DEF).

Executing a User-Defined Function

A user-defined function is executed just like a built-in function—it
can take numeric or symbolic arguments, either from the stack or in
algebraic syntax.

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 in
the VAR menu (or type the function name and press (ENTER)).

m To use algebraic syntax, press (7), press the function key in the
VAR menu (or type the function name), press («|)((), 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 CMB from the earlier
example to make the following calculations.

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

4 LHE 1: 15
Immmmﬂnl
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For the same value of n, calculate the combinations in algebraic
syntax.

Qi @E 2 15

LT 1 ; 15
(EvaL) [ CHE | B0 [PRDG [Ropa [wlc [ B

Calculate CMB(Z) in algebraic syntax, where Z is a formal variable.
(Purge Z to make sure is doesn’t contain an object.)

Z ()(PURGE) 1: 1pag_ |1

EVAL)

Differentiating a User-Defined Function

User-defined functions operate much like built-in functions—you can
even differentiate user-defined functions. Differentiation is covered in
detail under “Differentiating Expressions” on page 23-1.

Example: Calculate

—cot z

dx

where cot z = cosz/sinz. The HP 48 has no built-in cotangent
function. However, you can create a user-defined function for
cotangent. (This example assumes that variable X doesn’t exist in the

current directory—you can press () X («q)(PURGE).)

First, select Radians mode. Then, enter the defining equation for the
cotangent function.

(®)RAD) (if necessary) 1: }":[;,DT(HFEDS(H)J’SIN(
D COT @O X B @E) '
(cos) X () (3) (SIN) X (ENTER) [cHE] ® T B [ h [WAVE] |
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Execute DEFINE to create the user-defined function COT. Next,
enter the expression 'COTC:3 ') enter the variable name X to indicate
the variable of differentiation, then perform the differentiation. (If
variable X exists, you probably won’t get this answer.)

(@ CED) 1t '=(SINCX)/SINCH))-
@AR) (1) EOT @D X ENTER) COSERIACOSTH) /ST

%% [ =0T [CHE | B0 JPROS[A00E | AL |

Press (&9)(RAD) to return to Degrees mode.

You can use any variable as an argument to COT—that variable is
automatically substituted into the original definition for COT'.

Nesting User-Defined Functions

Just like built-in functions, user-defined functions can be included in
the defining expression of a user-defined function.

Example: Write a user-defined function to calculate the ratio of
surface area to volume of a box. The formula for this calculation is

A 2(hw+ hl + wl)

14 hwl
where h, w, and [ are the height, width, and length of the box.

First, create a user-defined function BOXS to calculate the surface
area of the box. Use the EquationWriter application to key in the
equation. (Use (&) to type lowercase letters.)

() (EaTATION

BOXS (&) h GF9) w GF9) | &)
@E2X@O@L@v@h  [3lho, 1)=2:(huth I+l
P®DvE!

[ 20T [ cHE | B0 [PROG [ AODE | ALG |
Enter the equation and create the user-defined function.

[Leni:z [ cov | crie [ Ein {prni [avsa |
(@) (@ED)
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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.

(+2)(EQUATION)
BOXR Q) x P y 5P z ()
@) (AR) EOHE (@)X
Gy Rz x Xy ®) 2

_BOXS (%4, 2)
szl

AR(x%.4,2)

[E0iiz | cOT | cHE [ EID [PROG | hoo2 |

Enter the equation and create the user-defined function.

[Leniir [eaiiz | oot [cHe | i [Pros |
() (@ED)

Use BOXR to calculate the ratio of surface area to volume for a box
9 inches high, 18 inches wide, and 21 inches long. Enter the height,
width, and length, then execute BOXR.

9 (ENTER) 18 (ENTER) 21 1: .428571428571
E [E0:F [ED::] cOT [CHE | B0 TR0 |

Note that BOXS was defined using h, w, and [ as variables, and that
BOXS takes z, y, and z as arguments in the definition for BOXR. It
makes no difference if the variables in the two definitions match—each
set of variables is independent of the other.

The Structure of a User-Defined Function
A user-defined function is actually a program:

m It consists solely of a local variable structure whose defining
procedure is a symbolic expression. The syntax is:

% < pame; nameg ... name, 'erpression’

m It takes an unlimited number of arguments (can use an unlimited
number of local variables), but returns one result to the stack.

Local variables are described under “Using Local Variables” on page
25-13.
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Example: Use VISIT to see the structure of user-defined function
CMB from the example on page 10-1.

@R () i @EED €+ n '2nel

£EK ETH

Press to return to the stack display.

You can see that the command sequence
FCHMBCmr=Etre-1 DEFIHE

is equivalent to creating the program
S e

and storing it in CMB.

10-6 User-Defined Functions



11

Complex Numbers

Most functions that work with real numbers also
work with complex numbers. So, the way you

use complex numbers 1s similar to the way you use
real numbers.

This chapter covers:

Entering complex numbers.

Interpreting and controlling the display format of complex numbers.
Assembling and taking apart complex numbers.

Calculating with complex numbers.

Using complex numbers in algebraics.

Determining when to use complex numbers and when to use vectors.:

The examples in this chapter assume the calculator is set to Degrees
mode. (Press (.9)(MODES) (NXT) (NXT) . [ to set Degrees mode.)

Displaying Complex Numbers

You can display complex numbers as either rectangular coordinates or
polar coordinates—in Rectangular mode or in Polar mode.

To display rectangular coordinates for complex numbers:
u Press () (POLAR) until no coordinate annunciator is on.

or
m Press («9)(MODES) (NXT) (NXT)
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To display polar coordinates for complex numbers:

m Press ()(POLAR) until the R<Z or Fis coordinate annunciator is
on.
or

m Press (q)(MODES) (NXT)(NXT) REsZ or Eas

Even though only two coordinate modes are needed for complex
numbers, three coordinate modes are available on the HP 48 (to
provide for three-dimensional vectors)—Rectangular mode, Cylindrical
mode, and Spherical mode. Cylindrical mode (F«Z) and Spherical
mode (R£<) are interchangeable for complex numbers—they’re both
Polar mode.

Complex numbers are displayed inside parentheses. In rectangular
form, the real and imaginary parts are separated by a comma. (If

the Fraction Mark is set to comma, they’re separated by a semicolon
instead.) In polar form, the magnitude and phase are separated by a
comma and angle sign (). (The angle is based on the current angle
mode: Degrees, Radians, or Grads.) Regardless of how complex
numbers are displayed, the HP 48 stores them internally in rectangular
form.

Display Modes
—— _' ! — Rectangular Polar
Real axis L a
B (a,b) r, <0)

L Imaginary axis
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Entering Complex Numbers

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

To enter a complex number:

m To enter rectangular coordinates, press (49)((]), enter the

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

separated by (»)(&), and press (ENTER).

m To use the current coordinate mode, enter the two coordinate values
and press (|q)(2D) (but only if flag —19 is set). (Don’t enter x.)

Flag —19 (Complex Mode) specifies whether (q)(2D) (the —V2

command) creates 2D vectors (clear) or complex numbers (set).

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

m 0 is normalized to the range £180° (%7 radians, £200 grads).

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

m If you key in an r of 0, 6 is also reduced to 0.

Example: Enter the number 3 + 4: (rectangular coordinates). First,
make sure Degrees angle mode and Rectangular coordinate mode are
set.

(«9)(MODES) (NXT) (NXT) [LES o] Fnl [GkAD [ ave o] kol | kas ||

N e

Enter the rectangular complex number.

@)@ 3 (k) 4 (ENTER) |1= (3,4”
[0E5 o bl kAL | iz o] Fid | s |

Example: Enter the number 5.393 at 158.2 degrees (polar
coordinates).

5.39 158.2 1: (3,4)
S>3 @) (5.39«158. 2+
[LE o] kRl [GRAC] 72 ] Fal [ s
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Enter the polar number on the stack. It’s converted to match the
current coordinate mode (in this case, Rectangular mode).

>

(3,4)
(-5, AB453868683,
¢, BB167EEI36)
[UE o] FAl [SRAG 72 8] B [ i

Now change the coordinate mode and watch how the complex number
changes.

(POLAR) 2t (5,453, 1381823542
@ 1: (5.39,£158.2)
[0Eis o] ki kn | vz (raz ol s

Press ()(POLAR) again to return to Rectangular mode.

Assembling and Taking Apart Complex
Numbers

To assemble a complex number from coordinates on the stack:

m Press (9)(2D) (but only if flag —19 is set). The coordinates are
interpreted according to the current coordinate mode.

To take apart a complex number on the stack:

m Press (&9)(2D). The returned values are the same as the displayed
coordinates. (Flag —19 doesn’t matter.)

Rectangular Mode
—>
2: X [+=/[2D]
1: y <— 1: (xy)
Polar Mode
2 r| [«=l[2D]
1: 0 1: (r, £0)
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See also the R—C and C—R functions under “Additional Commands

for Complex Numbers” on page 11-10.

The programmable equivalents of («q)(2D) are the —V2 and V—
commands. (See “Additional Commands for Complex Numbers” on

page 11-10.)

Example: Assemble the complex number (3,—5) from its components
on the stack, then take it apart again. (This example assumes Degrees
angle mode and Rectangular coordinate mode are active.)

Set flag —19, then enter the parts on the stack.

19 (70) @) ([@00ES) (XD~ 5F
3 ENTER) 5 (-/2) (ENTER)

Assemble the complex number.

Y [em)

Take apart the complex number.

Y [em)

o 3
1 : -5
[THEM[FCLM | STOF [ RELF [ SF | CF |

1' (3,-2)
[THEM[RCLH [ STOF [RCLF] S| CF |

2: 3
“.315

Calculating with Complex Numbers

A complex number, like a real number, is a single object. So you can
use complex numbers as arguments for commands, and you can use
them in symbolic expressions. For symbolic calculations, you can enter
a complex number as a coordinate pair inside parentheses or as an
expression involving the symbolic constant 7 (v/—1).

To calculate with complex numbers:

m To use stack syntax, enter the complex numbers, then execute the

command.

m To use algebraic syntax, enter a complex number in one of the

following ways, then press (ENTER), (EVAL), or (+=NUM).

o To use parentheses, press (9q)(() between the two coordinates—

even if you include .
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o To use 7, press (@) («q) I for the symbolic constant.

Using Complex Numbers on the Stack

A complex number is a single object—just as a real number is a single
object. Most functions that work with real numbers also work with
complex numbers.

Example: For the two circuits shown, Ohm’s law defines the
real-valued resistance R as R=F-+I and the complex-valued
impedance Z as Z=FE-=I. (This example assumes Degrees angle mode
is active.)

Given a voltage potential of 10 volts and a current of 2 amperes,
calculate the resistance R.

10 (ENTER) 2 (3) 1: g
[THEM[RILM] STOF JKCLF | SF | CF |

Given a voltage of (10,4.0) and a current of (2,2.30), calculate the
complex impedance. (First, make sure Polar coordinate mode is
active.)

() (POLAR) (if necessary)

2
QONEDIED [ i

Change the coordinate mode to Rectangular.

DGR

i 2
1: 54.33812?91892,—2.5
[THENTRELEASTOF [RCLF] SF | CF |
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In polar form, the complex impedance has a magnitude of 5 and a
phase angle of —30 degrees. By changing to the rectangular form,
you see that the same complex number implies a resistive component
of 4.33 ohms and a reactive component of —2.5 ohms. The negative
phase and reactance tell an electrical engineer that the impedance is
capacitive, rather than inductive.

Example: Calculate
(94 44) + (—4+ 39)
(3+1)

(This example assumes Degrees angle mode and Rectangular
coordinate mode are active.)

Enter the first two complex numbers.

@O 9 GFO) 4 ERTER) 12 (9,4)
QO EI3 -

[THEN[RELM] STOF [RCLE] SF | CF |
You do not need to press (ENTER) before pressing (+).

1 (5,7)
[THEN [CLMLS10F | ROLF] 2F [ o ]

Divide the result by 3 + 1.

@O3EY 1O 1: (2.2.1.6)
ﬂlﬂ’

Using Complex Numbers in Algebraics
You can represent a complex number in an algebraic in these ways:

m As a coordinate pair inside parenthesis delimiters.
m As an expression involving the symbolic constant i.

The components of a complex number may be real numbers (as in
the expression 'H+:1,23"') or they may be formal variables (as
in the expression '#+:{A:E»"). Upon entry, this second form is
automatically converted to an equivalent form, 'H+{F+Bxis".

Algebraics containing complex numbers can be manipulated
symbolically in the same way as real-number expressions.
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Note When you enter a complex number as part of a
symbolic expression, you must use (&9)()) to separate
the real and imaginary parts. (If the Fraction Mark
is set to comma, (&9)() generates a semicolon to
separate the parts.)

Example: Calculate the sine of (.6,2).

EN) @) 6 @ 2 EAD 1: (7, 17429548841,
S 2 9933??8649)
THENTRCLM STOF [RELE] :F | GF |

Example: Calculate the two square roots of the complex number
8—61¢. Because the / function (((x)) returns only one root, use the
ISOL (isolate) command to solve for W in the equation W? = 8 — 6i.
(The ISOL command is described under “Isolating a Single Variable”
on page 22-2.)

First, enter the algebraic.

OWE)?2@E) 1' 'N“E (8,-61'

@O 6 [THENTRCLM STOF [RELE ] 2F | CF |

Enter the name of the variable to be isolated (W) and execute the
ISOL command to solve for that variable.

() W (ENTER) 1' 'W=51%(3, —1)'
()(ALGEBRA) L&l COCCT] etk L1501 | 0AD [ADHTYLH

The variable =1 stands for 1. Thus, the two square roots are 3 — i
and —3 + 1.

Example: Use the EquationWriter application to enter an
expression representing the complex number 2 — 2iv/3. Then evaluate
the expression to get a complex result. (This example assumes
Rectangular coordinates mode is active.)
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Enter the expression. (Enter “i” as (@) () 1.)

() EUETON)
2(0) 2 [&)3

Use the =NUM command to evaluate the expression and return a
complex number.

(@) (=NuM) 1: (2,-3.46410161514)
[COLCT] Exph | 1Z0L | RUAD ] SHOW[TATLR

Real Calculations with Complex Results

The complex-number capabilities of the HP 48 can affect the results
of real-number operations. Certain calculations that would result in
an error on most calculators yield valid complex results on the HP 48.
For example, the HP 48 returns a complex number for the square root
of —4. Also, the arcsine of 5 yields a complex result.

You’ll find that for most calculations, the HP 48 gives you the type of
result (real or complex) you expect. However, if you find that you get
complex results when you expect real results, check your program or
keystrokes for these potential causes:

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

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

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

m A complex result may be unexpected, but correct, for your problem.
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Additional Commands for Complex Numbers

Most commands that operate on real numbers also operate on complex
numbers (such as SIN, INV, # LN, and —Q). The following table
describes additional commands that are especially useful for complex
numbers.

Referring to the table, V— and —V2 are found in the MTH VECTR
menu. NEG is executed in Program-Entry mode by pressing (*/).
C—R, R—C, and OBJ— are found in the PRG OBJ menu. The
remaining commands are found in the MTH PARTS menu.

. Example
Command/Description
Input Output

ABS Absolute value; 1: CSed i: =]
v 2?4+ y2.
ARG Polar angle of a 1z Cla1n iz 45
complex number.
CONJ Complex conjugate i: (230 is 2. =30
of a complex number.
C—R Complex to real; 1 (230 | 2: 2
separates a complex number 1: =
into two real numbers, the
rectangular coordinates z
and y.
IM Imaginary (y) part of a | 1: (d, -3 |1 =
complex number.
NEG Negative of its 1: (2.-12 1: (=2a 10
argument.
OBJ— Object to stack; iz 50 =H 4
separates an object (complex i: ]
number, array, or list) into
its elements.
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Command/Description

Input Output
RE Real (z) part of a 1: (4,-33 | Lz 4
complex number.
R—C Real to complex; z -7 |1 =T =20
combines two real numbers i -2

into a complex number

(z,9)-

SIGN Unit vector in the 1: =P 1: U P =
direction of the complex
number argument;

_r Y
e o)

(X

V— Separates a complex 1: P s
number into two real 1z
numbers z and y or r and
6, depending on the current
coordinates mode. The
example assumes Polar and
Degrees modes.

N}
n
kA

—V2 If flag —19 is set,
assembles two real numbers
into a complex number (z,y)
or (r,A.0), depending on the
current coordinate mode.
The example assumes Polar
and Degrees modes.

U
e
i
E
B
[xx ]

[l KA
Ln
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Choosing Complex Numbers or Vectors

Complex numbers and two-dimensional vectors can be similar in many
ways. Sometimes you may have difficulty choosing the better object
type to use for a given problem (and sometimes either type will work).

The main advantages of using complex numbers are that they’re
allowed as elements of vectors and matrices and that most real-number
operations work on them. The main advantages of using vectors are

that they’re not limited to two dimensions and that vector operations
like DOT and CROSS work on them.

If you make the wrong choice at the start of a calculation, you can
convert from one type to the other.

To convert to a 2D vector or to a complex number:

m To take apart a complex number in level 1 and reassemble the parts

as a vector, clear flag —19, then press (&9)(2D) (&9)(2D).

m To take apart a 2D vector in level 1 and reassemble the parts as a

complex number, set flag —19, then press («q)(2D) () (2D).

Example: Convert the complex number (3,4) into a vector. (This
example assumes Rectangular and Degrees modes are active.)

Enter the complex number.

@ 3 GED) 4 ENTER) 1 (3,4)
[COLCT] EXPH [ 120U [RUAD [ SHOHTHYLE]

Clear flag —19 so that (¢q)(2D) assembles a vector.

19 (¢ () (MODES) L: (3,4
[THEN [RCLMLSTOF | OLF | 3F 1 CF |

Take apart the complex number and reassemble the parts into a
vector.

Y [emICy ) 1: [ 34]
[THEN] CLH] STOF | ReLF | 5 | cF |
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Vectors

The HP 48 has special facilities for working with
2-dimensional (2D) and 3-dimensional (3D) vectors.

All vectors are array objects. The general case
of n-dimensional vectors is covered in chapter 20,
“Arrays”—this chapter deals primarily with 2D and

m Interpreting and controlling the display format of vectors.

m Entering vectors.

m Assembling and taking apart vectors.

m Calculating with vectors.

m Determining when to use complex numbers and when to use vectors.

Displaying 2D and 3D Vectors

You can display 2D vectors as either rectangular components
(L XY 1) or polar components (I R A 1)—in Rectangular mode or
in Polar mode.

Vectors 12-1



a Two-Dimensional Display Modes
] . Rectangular Polar
M « [ab] Ir <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 A& X 1)—in Rectangular mode, in Cylindrical mode, or in

Spherical mode.

F

i) /'1 Three-Dimensional Display Modes

/", . Rectangular | Cylindrical | Spherical
y [abc] [rxy <0 ¢c] |r <6 <]

e \;\|\' \xy a

b

3D Vector Components

Polar mode is actually two modes—Cylindrical mode and Spherical

mode. For 2D vectors, Cylindrical and Spherical modes are

interchangeable—both give the same two-dimensional results.
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To display rectangular components:
m Press ()(POLAR) until no coordinate annunciator is on.

or

m Press NELTE

To display polar (cylindrical or sphericai) components:
m Press ()(POLAR) until the F«Z or Fis coordinate annunciator is

on.
or

m Press HEOT
spherical/polar).

F4Z (for cylindrical/polar) or | Fis  (for

You can also change the coordinate mode in page 3 of the MODES
menu ((4¢9)(MODES) (NXT) (NXT)).

The = in the menu label and the coordinate annunciator indicate the
active coordinate mode:

m Rectangular mode: “®  no annunciator.
m Cylindrical mode: [ Fi7®  FxZ annunciator.
m Spherical mode: Eiim | FEas annunciator.

Vectors are displayed inside [ 1 delimiters. In rectangular form, the
components are separated by spaces. In polar (cylindrical or spherical’
form, angles are preceded by an angle sign (£). (The angle is based on
the current angle mode: Degrees, Radians, or Grads.) Regardless

of how vectors are displayed, the HP 48 stores them internally in
rectangular form.

If you want to analyze a right triangle, you can use the rectangular
coordinates of a vector to represent the sides of the triangle, and the
polar coorinates to represent the hypotenuse and one angle of the
triangle. If you enter one type of coordinates, you can simply change
the coordinate mode to see the other parameters.
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Entering 2D and 3D Vectors

You can enter 2D and 3D vectors using any type of components:
rectangular, cylindrical/polar, or spherical/polar.

To enter a 2D or 3D vector:

m To enter a specific type of components, press (&q)([1), enter the

components separated by or (#)(&), and press (ENTER).
(Press ((#)(&) just before each angular component.)

m To use the current coordinate mode, enter the two or three

component values and press (.9)(2D) or (#)(3D) (but use ()(2D)
only if flag —19 is clear). (Don’t enter «.)

Flag —19 (Complex Mode) specifies whether («9)(2D) (the —V2
command) creates 2D vectors (clear) or complex numbers (set).

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

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

If you key in a negative r, the value is made positive; § is increased

by 180°, ¢ by 90°, and both are normalized.
m If ¢ is 0° or 180°, 4 is reduced to 0°.

If you key in an r of 0, § and ¢ are reduced to 0°.

Example: Enter the vector [3 4] (rectangular components). First,
make sure Degrees mode and Rectangular mode are set.

(«)(RAD) (if necessary) [ 572 o] Ra? [ Rao [CROZE] DOT | HES ||
MEDTE =vE

Enter the rectangular vector.

@3 4 1: [34]

L#v2 s] @ | ks |CROZE[ DOT | RES |

12-4 Vectors



Example: Entry the vector 5.39 at 158.2 degrees (polar components).
(When entering polar vectors, you don’t need a space to separate the
elements—the angle sign acts as the separator.)

@@ 539 @)(X) 158.2

1: 341
[5.39£158. 24
(72 o Rz [ Fa [CROSS[ 00T | keS|

Enter the polar vector on the stack. It’s converted to match the
current display mode (in this case, Rectangular mode).

Now change the coordinate mode and watch how the vectors change.

G

[ 34]
[ -2, H8453866689

1
2. B8167/263362 ]
Liivz ol ficz [ Fa]okDz] DOT | hEs |

2= [ 5 «53.1381823542,,
1: [ 5.39 «158.7 1]
itz k2 o[ kaia [CRD:] 00T [ Ak |

Press ()(POLAR) again to return to Rectangular mode.

Assembling and Taking Apart 2D and 3D

Vectors

To assemble a 2D or 3D vector from components on the stack:
m For two components, press (|q)(2D) (but only if flag —19 is clear).

The components are interpreted according to the current coordinate

mode.

m For three components, press (#)(3D). The components are
interpreted according to the current coordinate mode.

To take apart a 2D or 3D vector on the stack:

m For a 2D vector, press (|)(2D). The returned values are the same as
the displayed components. (Flag —19 doesn’t matter.)
m For a 3D vector, press (#)(3D). The returned values are the same as

the displayed components.
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Rectangular Mode

2: X (=1
1: y <— 1: [xy]
Polar Mode
—>
2: Tl [«
1: 0] < 1: [r, «6]
Assembling and Taking Apart 2D Vectors
Rectangular Mode
3: X —> 3:
2: y | (elsD] | 2
1: z D 1: xyZ
Cylindrical Mode
3: r >
2: 0|
1: z| < |1 <62
Spherical Mode
3: r —>
2 01
1: 9 < 1: [r<0 <¢]

Assembling and Taking Apart 3D Vectors

The programmable equivalents of (&9)(2D) are V— and —V2, and
the programmable equivalents of ()(3D) are the V— and —V3
commands. (See “Additional Vector Commands” on page 12-14.)

Example: 2D Vector. Assemble the two-dimensional vector [3 5]
from its components on the stack, then take it apart again. (This
example assumes Rectangular coordinate mode is active and flag —19
is clear.)
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Enter the real-number components.

3 (ENTER) 5 (ENTER) 7 3
1z
LivE ] Ra? | Rad [CRO2Z] 0OT | AES |

Assemble the vector.

(D) 1: [ 351
LivE o] Ra? [ Rad [CROZE] 0OT | RES |

Separate the vector into its components.

@@ 2: 3
ﬁmmmm

Example: 3D Vector. Assemble the three-dimensional vector
[10 X240 X20] from its components, then take it apart again. (This
example assumes Degrees mode is active.)

Set Spherical coordinate mode, then enter the real numbers associated
with the vector.

MELTE 3t 18
10 (SPC) 240 (SPC) 20 (ENTER) %’ 246
ﬁmmmm

Assemble the vector. (Note that 240° is converted to —120° when the
angles are normalized.)

r3En) 1: [ 18 «-128 <28 ]
I P ) R T T

Take the vector apart.

>ED

Press ()(POLAR) to return to Rectangular mode.
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Calculating with 2D and 3D Vectors

A vector, like a real number, is a single object. So you can use vectors
as arguments for commands. You can add and subtract vectors—

you can multiply and divide vectors by scalars—and you can execute
special vector commands (DOT, CROSS, and ABS) with them. (The
absolute value function ABS returns the magnitude of a vector.)

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

Example: Finding the Unit Vector. A unit vector parallel to a given
vector is found by dividing a vector by its magnitude. Find the unit
vector for [ 3 4 5 ]. (This example assumes Rectangular coordinate
mode and Degrees angle mode are active).

Enter the vector.

3 (ENTER) 4 (ENTER) 5 (2)(3D) 1: [ 3451
[Hv2 s fdd | Rl [CROSS] OOT | HES |
Duplicate the vector and compute its magnitude.
HEs e: [ 3451
1: 7. @87 186781187
L2 mf Ric? | Fad [CROSE] DOT | AES |
Divide the vector by its magnitude to get the unit vector.
® 1: [ 424764868717
. 260685424949
. FB7186781186 1]
[ #V2 m] Ra? | Fuld [CROSE] DOT | AES

Example: Finding the Angle between Vectors. The angle between
two vectors is given by

V1-V2
V1] |V2|

Calculate the angle between the vectors [3 4 5 ] and [ 20 X.30 X.60 ].
(This example assumes Rectangular and degrees modes are active.)

angle = cos™! [
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Enter both vectors. (Notice the change to Spherical mode for entering
the second vector.)

2: [ 7.87186781187 <£5,
1: [ 28 <30 <66 ]

[ Hv2 | Bl [Ruuw[CROZE] DOT | RES |
Take the dot product.
1: 129, 641816151
[ V2 | Rl [k w|CROZE] DOT | RES |
Return the vectors to the stack.
() (LAST ARG) 3t 129.641816151
2: [ 7.87186781187 <3,
1: [ 260 <30 <66 ]
RETE T ] (e Tl T
Use ABS to find the magnitude of each vector.
 HEE  (©9)EwWAP) % 129'6418161%%1
1: 7. B7186781187
[ Hv2 | Fd? Rl w[CROSE] DOT | AES |
Multiply the magnitudes and divide the result into the dot product.
®¥E 1: . 16788416465
[ Hve [ Ra@ [k wfrnzs] por | wEs |
Use ACOS to find the angle.
() (Acos) 1: 23. 9316253446
LHvE | Fad [Ralow[CROSS] DOT [ HES |

Example: Finding the Component in One Direction. The following
diagram represents three 2D vectors. Find their sum, and then use
DOT to resolve them along the 175° line. (This example assumes
Degrees mode is active.)
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170 <143° 185 <62°

175°

100 <261°

Set Polar mode (Cylindrical mode in this case), then enter the three
vectors.

(MTH) ¥ Rl 3 [ 178 £143 1
Tamhoe [ o4
185 (ENTER) 62 (S)(2D) : 4
100 261 ($) (D) [ Y2 [Ra? W] Kol [CROSE] DOT | RES |
Add them.
1: [ 178.937166537
£111.148894235 1

[ 8Y2 |RaZ u] Radl [CROZE] DOT | HES |
Enter the unit vector of 175°.
1 175 (9)(2D) ? [ 1?8.93?%6?53%‘%1.1

H <
| 1% [Ra? of Bdd [CROZE] DOT | RES |

Find the scalar representing the magnitude of the force along the 175°
line.

noT 1: /5. 8382649005
[tz [z ol fa |CROZS] DOT [ AES |

This illustration shows how the vectors add and then resolve in the
given direction.
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/

AN
o | \\\ ¢
100 <261° |y 170 <143
4
)
/
170 411105 185 «62°
75° [
N X

Example: Taking Vector Cross Products. For the crank below, find
the moment about the origin, and find the force transferred along the
axis of the crank.

\S/

The moment is found by taking the vector cross product of the crank
radius and force vectors. To take a cross product, enter the vectors
in the same order that they appear in the cross-product formula:

M =r x F. (This example assumes Degrees mode is active.)
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Set Polar mode and enter the radius and force vectors.

(MTH) HELTRE Eaiz ? : 545 5 TE% %
5 (ENTER) 63 (R)ED) : <
547 200 (¢)(2D) | 892 | ka2 [RdcaCROZE] 0OT | AES |

Take the cross product. (Notice that the result is a three-dimensional
vector.)

g 1: EBI?ES. 26551477 «H
[ W2 | had [Raum[ckzs] ooT | wEs |

You would expect this three-dimensional vector to be positive and
parallel to the z axis. This can be verified by inspection and the right
hand rule. Change to Rectangular mode to make the verification
easier.

(@) (POLAR) 1: 5 B B 1865.26551477
(172 o] Fi2 | Fd [ChOZ3] DOT | hes |

Now return the original vectors to the stack and change back to Polar
mode.

(=) (LAST ARG) (»)(POLAR) 3

[ 1865.26551477 <@,
[ 5«63 ]

&£
1: [ 547 <-168 ]
Citvz [ Raz [Rag[CROGE]DOT [ Ak

Duplicate the radius and divide it by its magnitude to get the unit
vector.

(ENTER) HEE 3+ [ 1865,26551477 £8..
® © ik [ 947 «-168 ]
I: 1 «63 1
[ W2 | B |Rasw[CROZE] DOT | RES |

Take the dot product to find the scalar representing the magnitude of
the force along the crank.

poT 2= [ 1863.26521477 <M.,
1: -400, HoB4 74786
[iive [ ka2 [k |CROZZ] DOT | HES |

The negative magnitude indicates that the force is opposed to the
direction of the crank’s unit vector. (See the next example.)

Example: Continuation. To add a small twist to the previous
example, suppose the force vector is not on the same plane as the
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crank. If the force is [ 547 A.200 A.87 ] (thus the force vector rises out
of the paper at a modest 3°), find the moment, the force transmitted
along the axis of the crank, and the thrust force along the z axis.

Enter the radius and force vectors. (Use Cylindrical mode with a
z-value of 0 for the radius vector, and use Spherical mode for the
force.)

pts o seb o188 B ]
5 (ENTER) 63 (ENTER) 0 (2) (D) R P S AR T

547 (ENTER) 200 (ENTER) 87 () (D)

Take the cross product.

Brao- 1: [ 1868.7268884977
e]E-E? £4. 394726H3566

[ Hv2 | Fa? |Fao [CROZE] DOT | AES |

This time the resulting moment is not directed precisely along the 2z
axis. Switch to Rectangular mode and see the z-axis component. (The
useful moment along the crank has a magnitude of almost 1863.)

Ais 1: [ 127, 5376468594
-64. 9836736311
1862, PH923321 ]
B2 ] R | Fald [CROSS] 0OT | AES |

Now get the original vectors back on the stack. Notice that the thrust
problem has been solved through the switch to Rectangular mode.
(The thrust—the z-component of the vector—is approximately 28.6.
Note that it is positive and comes out of the paper the same as the
force vector. The same value could have been calculated through a
more general approach of calculating the dot product of the unit
vector associated with the z axis [0 0 1 ] and the force vector.)

@) TASTARS) i [ 2,7699524987_4.4..
I: [ -513,387428175
-186, B2B674883
28,627 7680649 1
[V m] Rz [ Fad [CROZE] DOT | HEZ |

Compute the force along the crank.

@) ENTER) 2: [ 127.937640294 6.,

HE: (@ bor 1: -399, 5H2219513
|m1mrmmmJ
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Additional Vector Commands

The following commands interpret their arguments and return results
using the current coordinate mode. These commands are found on

page 2 of the MTH VECTR menu ((MTH) ¥EZTE (NXT)).

Example
Command/Description
Input Output
V—  Separates a vector i [ 51 |2 =]
(or complex number) into i e

its component elements
according to the current 1: [5 «96 21
coordinate mode. The
examples assume Degrees
mode.

il
DU )

[l A 2]

—V2 If flag —19 is clear, [z «£z&]
assembles two real numbers
into a 2-element vector
according to the current
coordinate mode. The
example assumes Polar and

Degrees modes.

IR}
ot

e [t
[l

1
Pl

T L
D & Bl |
choel¥d Y

—V3 Assembles three real
numbers into a 3-element
vector according to the
current coordinate mode.
The example assumes
Spherical and Degrees
modes.

[RX]
[ Y

i k]
o

Additional commands for manipulating vectors are —ARRY, GET,
GETI, OBJ—, PUT, and PUTI. These are covered in the table under
“Manipulating Objects” on page 4-12.
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Choosing Complex Numbers or Vectors

Complex numbers and two-dimensional vectors can be similar in many
ways. Sometimes you may have difficulty choosing the better object
type to use for a given problem (and sometimes either type will work).

See “Choosing Complex Numbers or Vectors” on page 11-12 for a
comparison and example.
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Unit Management

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:

m Convert units. For example, you can convert the unit object 1&_+#1
to 128 _imor . 8458 _m.

m Factor units. For example, you can factor 2&_I with respect to 1_H
and return @ _H#m-z.

m Calculate with units. For example, you can add 1&_ft -z to
18_mph and return 24,687 _ft =,

Overview of the Units Application
The Units application consists of two menus:

m The UNITS Catalog menu ((«9)(UNITS)), which contains all the
HP 48 units, organized by subject. You use the UNITS Catalog
menu to create unit objects and to convert between related units in
the catalog.

m The UNITS Command menu (((»)(UNITS)), which contains
commands for converting units and for managing unit objects.
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Units and Unit Objects

The Units application is based on the International System of Units
(SI) The International System specifies seven base units: i (meter),

= (kilogram), = (second), # (ampere), ¥ (kelvins), =d (candela), and
. (mole). The UNITS Catalog menu contains the seven base units
and 141 compound units derived from the base units. For example, ir
(inch) is .0254 1, and Fou (Faraday) is 96487 F#z.

A unit object has two parts: a number (a real number) and a unit
expression (a single unit or multiplicative combination of units). The
two parts are linked by the character. For example, Z_ir (2 inches),

4#1_H (X Newtons), and . = F+ (8.303 US gallons per hour)
are umt 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.

S

When you perform a unit conversion, the HP 48 replaces the old
unit expression with a new unit expression (specified by you), and
automatically multiplies the number by the appropriate conversion
factor.

The UNITS Catalog Menu

The UNITS Catalog menu ((«)(UNITS)) displays a three-page menu
of “subject” keys, each of which, when pressed, displays a submenu

of related units. For example, («9)(UNITS) FEEZZ displays a

two-page menu of units for pressure.

The individual keys in each submenu behave differently from standard
menu keys, as described throughout this chapter. In Immediate-entry
mode, when you press the

m Unshifted key, the HP 48 creates a unit object that corresponds to
that key. (In Algebraic- or Program-entry modes, the unshifted keys
act as typing aids, echoing the corresponding unit name into the
command line.)

m Left-shifted key, the HP 48 converts the unit object in the command
line or stack level 1 to the corresponding unit.

m Right-shifted key, the HP 48 divides by the corresponding unit. This
helps you create unit expressions with units in the denominator.
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The use of the UNITS Catalog menu is discussed in detail in this
chapter.

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 (&9)(UNITS) and select the subject menu that contains the
desired unit.

3. Press the menu key for the unit you want. (If you want the inverse
of the unit, press () and the menu key.)

4. For compound units, repeat steps 2 through 4 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).

Example: Create the unit object . 5_#+ 3.
Select the VOL submenu of the UNITS Catalog menu.
(B)UNITS) ¥ Lria a1 Jcralio-a[Fi-a[iNa]

Key in the number, then append the unit.

3.5 FT3 13 3.5_ft"3
[t-3] =T Joe~3[vpe3[FT-3]IN3 |

Example: Create the unit object 22 _kg#m™Z ="

Key in the number and append the first unit.

32 (@)U HA 1: 32 ks
[ k5 | 3 [ LE [ 02 [SLUG] LET |
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Append the second unit.

OIS

Append the units in the denominator.

@)
@

1: 32_kg¥m"2-5"2
[k [ 0 [ H [HIN] : [ He ]

To create a unit object in the command line:

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

m 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.)

By spelling unit names, you can create a unit object without switching
between submenus in the UNITS Catalog menu. However, the menu
keys eliminate errors resulting from incorrect spelling and incorrect use
of uppercase or lowercase.

Example: Create the unit object &_Et -t 2%h**F in the
command line.

Key in the number and the _ character. Then key in the unit
expression using alpha characters. (To type °, press (@) (2)(6).) Then
enter the unit object.

8 () 1:  B_BtusCfi"2#h="F)
Btu @) (@D ft ¢F) 2 Cik 16 [ W [N [z | he |
) h ) °F
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To create a unit object using the EquationWriter application:

1. Press (<3)(EQUATION).
2. Enter the number, press ((%)(2), and enter the unit expression using

standard EquationWriter notation.

3. Press (ENTER).

The EquationWriter application lets you build algebraics that contain 13
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. (See “Entering Equations” on page

16-5 for details about using the EquationWriter application and unit
objects.)

Example: Use the EquationWriter application to create the unit
object &2 2%, (This procedure is explained on page 16-10.)

Select the EquationWriter application. Key in the number and start
the unit expression.

(9 (ETATON)
2 @0

32_0

{ I I I (T nmi

Key in the numerator of the unit expression.

@) (9)(UNITS) FOHE
10 !
SE_E

Lt | he | 1 1 -1

Key in the denominator.

@@ONITS) HEEA HYE )
@I (XD TEWP - °L

Put the unit object on the stack.

1: 32_MWs(m™2"C)
T O T AT N
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To view a unit object using the EquationWriter application:

m Press (V) while the object is in level 1.

To check the spelling and case for a unit:

1. Press (&9)(UNITS) and select the corresponding page in the menu.
2. Press (q)(REVIEW). A temporary display lists each unit on that

menu page.
3. Press (ATTN) to return to the stack.

Example: Check the correct spelling and case for the unit
""" & key in the UNITS ENRG submenu.

QO (X0
(S EREVED)

[ [ERG [KCAL| CAL | ETU [FTELE

Press to return to the stack display.

Operators in unit objects follow this precedence order:

1. © » (highest precedence).

2. .-'._.

3. #and -.

For example, 7_ Z is 7 meters per square second, and

-

F_tmoz272 18 T square meters per square second.

You can also insert a unit prefix in front of a unit. Unit prefixes are
letters that indicate powers of ten. For example, mHA means “milliamp”
(amp x 1073). The following table lists allowable prefixes. (To key in

u, press (@) () N.)
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Unit Prefixes

Prefix Name Exponent Prefix Name Exponent
E exa +18 d deci -1
F peta +15 o cent -2
H tera +12 M milli -3
G giga +9 u micro —6
mega +6 r nano -9
koork kilo +3 F pico —12
Fioor H hecto +2 femto —15
[ deka +1 £ atto —18

Most prefixes used by the HP 48 correspond with standard SI
notation—with one exception: “deka” is “D” in HP 48 notation and
“da” in SI notation.

Note You cannot use a prefix with a built-in unit if the
resulting unit matches another built-in unit. For

%E example, you cannot use riiri to indicate milli-inches,
because siri is a built-in unit indicating “minutes.”
Other pos31ble comblnatlons that match built-in

=TT o =] Tk AN

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
permlts symbohc numbers instead of real numbers converting

¥ _#t 1 for example, to ¥%1_¥1 when entered on the stack.

+ and - are allowed in the number. However, the _ character takes
precedence over + and —~. Thus *¢4+52 _f+' EVAL returns %_f+, but
PR F1 Y EYVAL returns +
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Converting Units

You can convert unit objects to different units using four methods:

The UNITS Catalog menu. Converts to built-in units only.

The CONVERT command. Converts to any units.

The CST (custom) menu. Converts to any units already set up.
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 13-17.

Using the UNITS Catalog Menu

The UNITS Catalog menu lets you convert the unit object in stack
level 1 to any dimensionally consistent unit in the menu.

To convert units to a built-in unit:

1. Enter the unit object with the original units.
2. Press (&)(UNITS) and select the subject menu that contains the
desired unit.

3. Press (&q) and the menu key for the desired unit.

Example: Convert 1%_zatm (atmospheres) to irHgz (inches of
mercury). First, create the unit object 18 _atm.

(=)(NITS 1: 18_atm
s [Pa_| ATH [ BAR | Pl | T0RR K]

PR
10 Egprr

Convert to inches of mercury.

(@) IHHG 1: 299, 212598425 _inHg
|Il:]Iﬂ|ImE-EI----|

Example: Convert &_#1t%1kb# = (foot-pound force per second) to i
(watts). First, enter the unit object.

6 (@) QIQUNITS) (¥ xT) 1: b_ft+1bfss
EHEG FT#LE [h | o | K [ tiN] 3 [ ke |

QU TIHE @) @
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Select the POWR submenu and convert to watts.

@m (XT) FOUER 1: 8. 13498/68999_I
o T T O S S

Using CONVERT

You can use the CONVERT command to do any conversion between
dimensionally consistent unit expressions.

To convert to any units:

1. Enter the unit object with the original units.
2. Enter any number (such as 1) and attach the units you want to
convert to.

3. Press (p»)(UNITS) Eiips

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.

Example: Convert 12_§t~Z-min (cubic feet per minute) to ot -
(quarts per hour). Since =t is not in the UNITS Catalog menu, you
must use CONVERT to do the conversion.

Enter the unit object.

12 (q)(UNITS)  aL |1= 12_Ft"3/rr|in|
(Q)UNITS) TIHE Lk [ o [ H [HN] 5 | HE |

Put the new unit expression on the stack, appended to the number 1.
(The number is ignored.)

1 ()(CAST MENU) (NXT) @7 %: 12_ Ft”l‘ETiﬂ
£ _qt-
@ ASTMED) (@) H ER— W ¥,
Perform the conversion.
@)(UNITS) CoHY 1:  21543.8961839_gt-h
[COWN [UEAZE[ UNAL [UFRCT[>UNIT] |

(Note how you can use to bypass the main UNITS
Catalog menu and directly select the previous submenu.)
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Using the CST Menu

If you often execute a specific unit conversion, you may find it
convenient to execute that conversion from the CST (custom) menu,
particularly if the unit expressions are not in the UNITS Catalog
menu.

To set up the CST menu for unit operations:

m Include a unit object with the desired units in the CST menu list—
the number part, of the object is ignored. (See “Creating a Custom
Menu” on page 15-1 for details.)

Unit keys in the CST menu operate the same as keys in the UNITS
menus.

To enter units from the CST menu:

m Press and the menu key for the desired unit. (If you want the
inverse of the unit, press () and the menu key.)

To convert units to CST menu units:

1. Enter the unit object with the original units.

2. Press (CST).
3. Press (&q) and the menu key for the desired unit.

Example: Suppose you often execute unit conversions between
kaomi (kilograms per cubic meter) and 1k %% (pounds per cubic
foot). Put those unit expressions in the CST menu. (This example
assumes there are no other entries in the CST menu list.)

Build a list that contains the two unit objects. (When you press
(\)(E3), the HP 48 switches to Program-entry mode, so you have to
key in the _ and - characters.)

(15)@@ 1: % %_kgf’mﬂ 1_1b-Ft™
(UNITS ’ i B

@ @QNTS) ¥OL  HeE [ t+3 | 5T [Cee3fvee3[FT-3[iH"3 |
PO @ETED) LB ()

@)(UAST MEND) FT°2
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Store the list in the variable CST and display the CST menu. (This
procedure is explained on page 15-1.)

Now convert 1& Z. Enter the unit object.
10 EEees 1: 18_1b-ft"3
(e (W25 I N N

Convert to kilograms per cubic meter.

1: 16, 18463374 kg n"3
O] P A I N

Using UBASE (for Sl 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 Wlth the original units.

2. Press (@)(UNTS)

Example: Convert &

Faz (Pascals) into SI base units.

@mmwa:: 1: 8.3 _kas(mxs"2)
Example: Convert Z&_krot into SI base units.
@ITS) sreED 1+ 15.4333333333_ns

[COHY [UERZE] UMAL JUFRCTURIT] ]

30 =
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Converting Dimensionless Units of Angle

Plane and solid angles are dimensionless. You can use the following
dimensionless units as constants in your unit expressions; however the
HP 48 can’t check for dimensional consistency in dimensionless units.

Dimensionless Unit Unit Name Value
Arcmin arcmin ! /91600 unit circle
Arcsec arcs 1 /1296000 unit circle
Degree 1 /360 unit circle
Grad ot ad 1 /400 unit circle
Radian - 1 /ox unit circle
Steradian e ! /47 unit sphere

Some photometric units are defined in terms of steradians. These
units include a factor of ! /47 in their numeric values. Because this
factor is dimensionless, the HP 48 can’t check for its presence or
absence—it can’t check that your units are consistent. The following
table lists photometric units according to whether their definition
includes steradians.

Include Steradians Do Not Include Steradians

Candela (=)
Footlambert (#1arm)
Lambert (1ar)
Stilb (=b)

Lumen (1)
Lux (1)

Phot (F‘h)
Footcandle ()

To convert photometric units:

m To convert between photometric units in the same column, the =+
unit is not required.

m To convert between photometric units in different columns, divide
the unit in the left column by =+ or multiply the unit in the right
column by =¢.

13-12 Unit Management



Some examples of consistent photometric units are:
m 11 1s consistent with cod#sr.

m {co=r is consistent with 1am.

m lmozr#m™2 18 consistent with 1am.

Factoring Unit Expressions

The UFACT command factors one unit within a unit expression,
returning a unit object whose unit expression consists of the factored
unit and the remaining SI base units.

To factor units within a unit expression:

1. Enter the unit object with the original units.
2. Enter any number (such as 1) and attach the units you want to
factor out.

3. Press ()(UNITS) i

UFACT factors the units of the level 1 object from the level 2 unit
object.

Example: Factor Z.5_ka*m™2-5"Z with respect to H (Newtons).
First, enter the unit object.

(=)(ONITS) M
QUNTS) A
(w)(@NTS) T
® :

Key in the unit to be factored.
1 () (UNITS) (BXD) FOREE

1: 3.5 _ko*m 25"
[ 6 | 0 [ H [HIN] = [ HZ |

2 3.5 ko*m"E- 577
1 1_N

[ W [0%H | GF | KIR | LEF | POL |
Factor the level 2 unit object.

@) (UNITS) & 1: 3. 3_N#m
[COWY JUERZE] UMAL JUFRET[FUNIT] |
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Calculating with Units

The HP 48 lets you execute many arithmetic operations with unit
objects, just as you execute them 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 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. Certain operations require dimensionally consistent
units—units that have the same physical dimensions, such as length or
density. For such operations, results with units are converted to the
units from the object in level 1.

Temperature units require special note—see “Working with
Temperature Units” on page 13-17.

The trigonometric operations SIN, COS, and TAN on unit objects
require a planar angular unit. Planar angular units are radians (),
degrees (), grads (zrad), arc-minutes (arcmin), and arc-seconds
(arzz). The result is a dimensionless real number.

The following functions, described in detail under “Other
Real-Number Functions” on page 9-14, operate on the number part
of a unit object. Each function returns a unit object, leaving the
unit-expression part of the argument unchanged:

ABS FLOOR IP RND
CEIL FP NEG TRNC
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The SIGN function, described in the same section, returns a number
that indicates the sign of the argument number: +1 for a positive
number, —1 for a negative number, and 0 if the number is 0.

Example Addition. Calculate the sum of &.4_1kf and
% _cune. First, enter the unit objects.

2: .4_1bf
I: 11.9 dun
| W [OvW | GF | KIP | LEF | POL |

Add the unit objects. The unit conversion is done automatically.

1: 177948, /6461 _dyn
[ N_| YN [ GF | KIP ] LEF T POL

Example: Subtraction. Subtract =
(Q)QTS) ©E

39
Q

Example: Scalar Multiplication and Division. Multiply i
10, then divide by 6.

Clane

10 @ 6 E]

Example Unit Multlpllcatlon and Division. Multiply S&_+4

45§14, then divide by 2.2 _« (days). First, multiply the two unit
obJects.

(Q(UNITS) LEHE 1: ceob_f1 "2
50 [ H [ CH [ et | Y0 | FT | IN |
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Enter the third unit object and divide.

@m TIHE 1: 783, 125_ft"2d
39: : | Wk | 0 [ H [HMIN] 5 | HZ |
®

Example: Inversion. Find the reciprocal of 11.4_g%cm-z™2

114 (9)ONTS) MASE G 1: 3.5?192?82455&2_5*
(BQQuNITS) F (g%cm

@ TIME LW | 0 [ H [MIN] & | HZ |
® i @ &

Example: Power. Raise Z_f+% .= to the sixth power. Find the
square root of the result. Then find the cube root of that result.

Enter the unit object and raise the unit object to the sixth power.

2 (|)(UNITS) SFEEL FT 1: 64_ Ft"E;/s"E
6 [H5 [CH [ FTS2 | KPR | MPH [KNDT)

Now find the square root of the result.

1' 8_ft "3fs“*3
[t105 [H:[FT25 | KPR [ MPH [KNOT)

Find the cube root of the result.

3E@®) 1' 2_ftss
15 [Ete S [ FT3 | EPH | HPR [ ENOT]

Example: Percentage. <.Z_cr™Z is what percent of i_in™37
@m WO 1 THeE 1: 23, 6299725198

= LEAIN [ Bfs [ R00 | = | wcH | 5T
(D) PARTS (D) =27

Example: Trigonometry. Calculate the sine of 45°.

() (UNITS) (NXT) (NXT) S HHEE 1: LPEP1AEPR1187
45 " (SN | @ [ F [GRAD[RRCHI[ARCE] SR ]
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Example: Algebraic Calculation. In algebraic syntax, calculate the
tangent of 40 grad.

) 40 (@) GRAL 1: . 263425208085
I I (N T e

Working with Temperature Units

You work with temperature units the same ways you work with
other units—ezcep? 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
is 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—they’re ignored when the
temperature units 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.

m Combined temperature units (differences). If either unit expression
includes a prefix, an exponent, or any unit other than a temperature
unit, CONVERT performs a relative temperature unit conversion,
which ignores the additive constants.
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Example: Convert 25_={ to *F.

@
25 i} '!:: @ i}

1: /7_"F
(o [oF [k [k [ [ |

z. First, create the unit

Exampie Convert
object Z&E _*

@mm : 1: 28_°"Cmin
T [0F | U | W [MIN] 3 | He |

@O |

Enter a unit object containing the new units.

s
HLL Y

@OSTUERD | °f 2: 28_"C/min
(LAST MENU) 1: 1_°F~s

Perform the conversion.
@S cF 1: 6_°Frs
[CONY UEAZEL UVAL UFACTISUNIT] |

Calculating with Temperature Units

Temperature units are automatically converted and combined during
calculations.

m Pure temperature units (levels or differences). For the +, — =, <,
>, <, >, ==, #, %, %WCH, and %T functions, pure temperature
units are interpreted 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. (This may give unexpected results if you actually
intent the temperature units to mean temperature differences

rather than temperature levels—for example, &_ = &_ " + returns
1% 7, twice as far from absolute zero as 0 °C. )

For other functions, pure temperature units are interpreted
as temperature differences—they’re not converted before the
calculation.

m 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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To enter a temperature difference for one of the six functions listed
above, use absolute units (K or °R). For example, you can enter a
difference of 2 °C as Z_k.

To interpret a result from one of these functions as a temperature
difference, convert the result to absolute units (K or °R). For example,
a converted result of Z_k means a temperature difference of 2 K or

2°C.

Example: Determine if 12 °C is greater than 52 °F. (The >
command interprets temperatures as levels.) The result shows the test
is true (12 °C is 53.6 °F).

Glauslcul I 1
[ == | = [ & [ = [ £ [ 2 |

Example: Calculate the temperature change from 29 °C to 17 °C.
(Convert the calculated change to absolute units.)

@mm EHE |1- -12_ |<|
| ac [ oF [ K [ o [ [ |

17 =k

Example: Calculate the final temperature for an increase of 18 °F
from the current temperature of 74 °F. (Enter the increase in absolute
units.)

1: 9z_"F

T T T T I
Example: For a coefficient of linear expansion « of 20 x 107° 1/°C
and a temperature change AT of 44 °C, calculate the fractional
change of length given by e AT. (The x command interprets

temperatures as differences.)
Il : BBBBB|
[ [ oF [ k [ o [ [ |

20 () (1) 6 @)
44 @

+
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Example: The ideal gas equation of state is PV = nRT, where P is
the pressure exerted by the gas (in atmospheres), V is the volume of
the gas (in liters), n is the amount of the gas (in moles), R is the ideal
gas constant (0.082057 liter-atmospheres/kelvin-mole), and T' is the
temperature of the gas (in kelvins).

Assuming ideal gas behavior, calculate the pressure exerted by 0.305
mole of oxygen in 0.950 liter at 150 °C.

First, enter the temperature.

(wJ(UNITS) 1: 1568_"C
TEME (o [ o [k | % | [ |
150° °E

Convert the units to kelvins.

@ * 11 423. 15K
[ oc | =F [ K [ ®k | | |

Multiply T (already in level 1) by n (0.305 mole).

(@) (UNITS) HAEE 1: 129, BEH"5_K#*mol

305 ML [ u [roc| [ [ [ |

&

Multiply »T by R.

082057 (¥9) (UNITS) 1: 10.59A3379628_1*atn
b B I I I I

(+)(UNITS) (NXT) FRES ar
QO @D TEHF @) E
()

HMARZE (XD (NXTD) () Mol
63

Divide by V (0.950 liter) to calculate P.

95 (9)UNTs) MOL (NxT) L 1@ 11.1477241714_atm
®
Convert the pressure (in atmospheres) to SI base units.

(@)(UNITS) 1: 1129543, 15167 kg (m
pEEEE #5"7)

[COWY JUERZE[ UMAL JUFRCT[*UMIT] |
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Note that in this example the temperature conversion from “C to &

is executed before subsequent operations append additional units to
the unit object. Otherwise, the Celsius temperature would have been
treated as a difference, and the conversion to SI base units would have
produced an incorrect result.

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.

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 with the user-defined unit to the CST
menu—see below. The number part is ignored. (This procedure is
explained under “Creating a Custom Menu” on page 15-1.)

You can’t use the unit key in the VAR menu like unit keys in the
UNITS menus—because VAR menu keys store and recall objects.
However, if you add the user-defined unit to the CST menu, you can
use the CST menu key to enter and convert your user-defined units—
just like UNITS menu keys.

Example: Use the built-in unit d (day) to create the user-defined
unit WEEE. (This example assumes there are no other entries in the
CST menu list.)

Enter the unit object ¥_d. Store the unit object in variable WEEK
then enter a list containing the unit object 1 _WEEK.

(QQUNITS) TIME 7 0 1: { 1_WEEK }
() WEEK WEEK | C51 | B0k [ 60421 0T [ CHE
@O 1E0 HEEK
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Store the list in the CST menu and display the menu. (This is
explained under “Creating a Custom Menu” on page 15-1.)

Now convert 14 days to weeks.

3 (@@UNTS) TIHE 14 O I: 2_WEEK
=) Weee] [ [ [ [ |

You can prefix a user-defined unit. However, conflicts between
user-defined units (prefixed or otherwise) and built-in units are
resolved in favor of the built-in unit.

Additional Commands for Unit Objects

Key Programmable Description
Command

@S
L UVAL Returns the number part of the level 1
unit object to level 1.

Wi —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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Binary Arithmetic

L The HP 48 enables you to do binary arithmetic—
E operations that work with binary integers. You

can think of a binary integer as a base 2 number—
although it can be expressed in other number bases,
0 too. When expressed in base 2, it consists of just
0’s and 1’s—each of which is a bit. Eight bits make
up a byle.

On the HP 48, binary integer objects contain from 1 to 64 bits,
depending on the current wordsize. You can enter and display binary
integers in decimal (base 10), hexadecimal (base 16), octal (base 8), or
binary (base 2). The current base determines which base is used to
display binary integers on the stack.

The # delimiter precedes a binary integer. A ¢, kv, o, or k& following
the binary integer indicates its base—for example, # 1%

B TS B i1 1511 Em
ooty O # L LERL LHED.

OLERL

Setting the Wordsize

The wordsize is the number of bits used to represent binary integers.
The wordsize can range from 1 through 64 bits—its default is 64 bits.
To set the wordsize:

1. Key in a number from 1 to 64.
2. Press E Z7HE (the STWS command). (A fractional

number is rounded to the nearest integer.)
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To recall the current wordsize:
m Press BHEE EUUE (the RCWS command).

If you enter a binary integer that exceeds the current wordsize, the
number is displayed with its most significant bits truncated—any bits
over 64 are lost, and any bits from the current wordsize to 64 are
“hidden” (you can display them by increasing the wordsize). However,
hidden bits are not used in calculations and are lost when you execute
a command on a binary integer.

Also, the wordsize controls the results returned by arithmetic
operations and other commands. If an argument exceeds the current
wordsize, the excess most significant bits are dropped before the
command is executed. If necessary, results are also truncated.

Setting the Current Base

Binary integers are displayed in decimal, hexadecimal, octal, or binary
base. The default base is decimal.

To set the current base:

1. Press EHSE .
2. Press one of the following keys: @
(decimal), : @27 (octal), or @ E 1

% (hexadecimal), BELD
(binary).

The & in one of the menu labels identifies the current base.

HEX, DEC, OCT, and BIN are programmable. The settings for flags
—11 and —12 correspond to the current base. (For more information
on flags —11 and —12, see appendix E, “Listing of HP 48 System
Flags.”)

The choice of current base has no effect on the internal representation
of binary integers.
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Entering Binary Integers

To enter a binary integer:

1. Press ()(#)

2. Enter the value of the binary integer—valid characters depend on
the base you’re using.

3. Optional: To specify the base, type a base marker: d, i, o, or k.
(Otherwise, the current base is used.)

4. Press (ENTER).

Example: Enter the address 24FF ¢ and display it in hexadecimal
base.

BASE “HE
@) 24T @)

Now, display it in octal base.

P 1: ] ._ 23??0

Example: Enter 101101, while the current base is octal (from the
previous example). (Press (@) (&) B to type “b”.)

@)@ 101101b 1: # 550
CHE:: | DEC | 0CT ] BIN |3Thiz [hehis]

Calculating with Binary Integers

If an argument exceeds the current wordsize, the excess most
significant bits are dropped before the command is executed. If
necessary, results are also truncated. If a calculation produces a
remainder, only the integer portion of the result is retained. The
negative of a binary number is its two’s complement (all bits inverted
and 1 added).
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To calculate with binary integers:

1. Enter the binary integer objects.
2. Execute the commands.

Example: Calculate 46AF ;¢ — 33Dy6. First, switch to hexadecimal
base and enter the two numbers.

BRZE  HEH
(@)(@) 46AF
@)@ 33D

Execute the (=) command.

Q]

Example: Divide 6419 by 510. (The remainder of 4d is lost.)

BHEE: tUED 1: # 12d
@ 64 . N
@®5E

Additional Binary Integer Commands

The following table contains commands from the MTH BASE menu
((MTH) (EHEZE ) that are useful for manipulating binary integer
objects. Unless otherwise stated, each example assumes the wordsize is
set to 24.
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Command /Description

AND Logical bit-by-bit
AND of two arguments.

e [

ASR  Arithmetic Shift
Right. Performs 1 bit

e

arithmetic right shift. The 13 # Soegbeh | 1: % Conosoh
most significant bit is

regenerated.

B—R Binary to Real. i # 7350 |1 455
Converts a binary integer to

its real integer equivalent.

NOT Returns the i: # FogFarFah |1 # FaFoFh

one’s complement of the
argument. Each bit in the
result is the complement of
the corresponding bit in the
argument.

OR Logical bit-by-bit OR = # ilgeb |1 # iligb
of two arguments. 1: # 1@loh
R—B Real to Binary. iz ig |1 % 1@igh

Converts a real integer to its
binary integer equivalent.
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Example

Command/Description
Input Output

RL Rotate Left. Binary 1: # lig@h | Ls # 188ik
integer rotates left one
bit. (Example assumes
wordsize=4.)

RLB Rotate Left Byte. i # FFFFh | 1% # FFFFa8h
Binary integer rotates left
one byte.

RR Rotate Right. Binary i: # 116
integer rotates right one
bit. (Example assumes
wordsize=4.)

1
e
i

-
£
e
[
e
[x
i

RRB Rotate Right Byte. 1: # ABEOCE
Binary integer rotates right
one byte.

b}
b}
b
o
ot
=
b
bux )
o
bx )
[
bux)
o

)
D]
T

SL Shift Left. Binary 1: # 118l | 1s  # 11816
integer shifts left one bit.

SLB Shift Left Byte. 1: # FERE
Binary integer shifts left one
byte.

bex}
o
e
=
o
[}
ux]
[exd
fax ]
[xx]
o

SR Shift Right. Binary 15 # 1i8iib 1: # 1idlk
integer shifts right one bit.

SRB Shift Right Byte. 1% # ABEBACGR | 1: # RBE
Binary integer shifts right
one byte.

fx ]
m
[x
o

XOR Logical bit-by-bit 23
exclusive OR of the 1:
arguments.
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Customizing the Calculator

The HP 48 provides several ways to customize its
behavior. You can create custom menus containing
the operations you want, you can set up your own
functionality for the user keyboard, and you can
control the calculator’s modes using the MODES
menu and by setting and clearing flags.

Using Custom (CST) Menus

A custom menu is a menu that you create. It can contain menu labels
for operations, commands, and other objects that you create or group
together for your own convenience.

Creating a Custom Menu

The CST menu is defined by the contents of a reserved variable named
CST. So, the way to create a custom menu involves creating a variable
CST that contains the objects you want in your menu.

To create and display the CST menu in the current directory:

1. Enter a list containing the objects you want in the menu. (The
purposes of different object types are described below.)

2. Press (»)(MODES) HEHL (the MENU command).

MENU stores the contents of the list in CST and displays the custom
menu. Alternatively, you can create the CST menu by storing the

custom-menu list in CST just like you would store a list in any
variable—enter the list on the stack and press (&) E&5F or
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() (>)(moDES) £&T (sT0). (The MODES Customization menu

always contains a menu label for CST'.)

To display the CST menu:

m Press .

Objects in the CST menu usually have the same functionality they do
in built-in menus:

m Names. Names behave like VAR menu keys. Thus, if ABC is a
variable name, | HEL  evaluates ABC, (») HEL  recalls its
contents, and («q) HEL stores new contents in ABC. Also, the
menu label for the name of a directory has a bar over the left corner
of the label—pressing the menu key switches to that directory.

m Units. Unit objects act like UNITS Catalog entries. For example,
they have their left-shifted conversion capability.

m Strings. String objects echo the contents of the string, like a typing
aid.

m Commands. Almost all command names behave like normal
command keys. For example, they observe the current entry mode.

You can include backup objects in the list defining a custom menu by
tagging the name of the backup object with its port location. For
example, if 2 TOM were included in the custom menu list, a menu
label @ Tiiti  would represent the backup object TOM in port 2.

If you want to create typing aids for certain commands that affect
program flow (such as HALT, PROMPT, IF.. THEN...END, and other
program control structures), include them as string objects, not as
command names.

Example: Create a custom menu containing the built-in command
—TAG, the unit object 1_m™2, a string to serve as a typing aid for
YOLUME) and the variable name CST.

Enter the list of objects.

@OERY 0Bd  +TAE 1+ { +TAG 1_n"3
@0 m6)3 "WOLUME" CST 3
@)(— ") VOLUME ()

CST
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Create and display the CST menu.
(»)(MODES) | HEHU ST ITE T T S I

Convert 1075 cm® to m3.

1075 (@) em () 3

Enter the string "“OLUME®.

1: .BA1675_m"3
Taal M3 [volu] 1] T ]

@D woLd % BB 1A75 o3
ESTTE IEEEN BT I

Create a tagged object from the contents of levels 2 and 1.

1: YOLUME: .BB1675_n"3
T M TN A

Display the current contents of CST.

I—'-I"\CI

'-.-'DLUFIE EE%B?S -m"3

1_
"'JEILUI‘IE" CST )
[ESTTER N T N

You can create a CST in each directory in memory, just as you can
for other variables. This lets you have different custom menus in each
directory.

Also, instead of storing the list of objects itself in CST, you can
optionally store the name of another variable that contains the list.
This gives you the ability to have in one directory several variables
that contain different custom-menu lists. That way, you can easily
switch the CST menu from one custom menu to another by simply
storing a new name in CST.

Enhancing Custom Menus

You can enhance the CST menu by creating special menu labels and
by specifying different actions for unshifted and shifted keys.

m Inside the CST list, replace the object by an embedded list of the
form i *label® object .
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The default label for an object in the CST menu is the underlying
name, command, unit, or typing aid—as many characters as fit in the
space available.

Example: Storing £TAG w3 0 "WoL" "NOLUFE" 2
L UCUST" 05T » ¥ in CST gives the same CST menu operatlons as
the previous example but the labels are  #THE |, MY o

and HET

To specify functionality for shifted keys:

m Inside the CST list, replace the object by an embedded list of
objects: { objectunshitted 0bjectiess-shitt 0bjectrighe-shir +. (You can
omit the last one or two objects if you want.)

You must specify the unshifted action in order to have the shifted
actions. In addition, you can combine the special-label enhancement
and the shifted-functionality enhancement—see the following example.

Example: Suppose you want the CST menu key | %iil. to provide
the following three actions:

WL evaluates a program that stores the value in level 1 in a
variable named VBOX.

() L evaluates a program that computes the product of levels
1, 2, and 3.

] @ ML types WIOLUME.
The following CST list provides the desired custom menu. The menu

contains only one label: | %iil. . (See chapter 25 to learn about
programs.)

MRS s YWBEOEY OSTO 3o ow ¥ o om "WOLUME®

Creating a Temporary Menu

The TMENU command creates a temporary menu without overwriting
the contents of the variable C'ST. Temporary menus are most useful in
programming—they’re covered under “Using Menus with Programs”
on page 29-18.
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Defining the User Keyboard

The HP 48 lets you assign alternate functionality to any key on
the keyboard (including alpha and shifted keys), enabling you to
customize the keyboard for your particular needs. Your customized
keyboard is called the user keyboard, and it’s active whenever the
calculator is in User mode.

The commands for creating and changing the user keyboard are

located in the MODES Customization menu ((¢»)(MODES)).

Selecting User Modes

To activate User mode:

m To activate it for only one operation (1LZFR), press (|g)(USR). (It
turns off after the operation.)
m To activate it for several operations (LISER), press («9)(USR)

(®)(USR). (Press (|)(USR) a third time to turn off User mode.)

The (&9)(USR) key is a three-way switch, as shown in the following
illustration.

User Mode | *1J[USR] 1-User [+2][UsR] User
of | 7| Mode | 7 | Mode

'T\ 41\ Execute one operation

[+a][UsR]

In 1-User mode (1LIZRE annunciator), the user keyboard is active for
one operation. In User mode (LIZEFR annunciator), the user keyboard
remains active until you press (¢q)(USR) to turn it off.

If you set flag —61, (|q)(USR) becomes a two-way switch between User
mode on and User mode off. (See “Using System Flags” on page
15-12.)
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To change the way («)(USR) operates:
m To make it a two-way switch, type 61 (=»)(MODES)
ZE

m To make it a three-way switch, type 61 () (MODES)

Assigning and Unassigning User Keys

You can assign commands or other objects to any user keys (including
shifted keys). The behaviors for different types of objects are the same
as for custom menus—see “Creating a Custom Menu” on page 15-1.

To assign one user key:

1. Enter the object to be assigned to the key.
2. Enter the three-digit location number that specifies the key. (See
the diagram below.)

3. Press (»)(MODES) Hi&H  (the ASN command).

Keyboard column#
|
1

XXX <—— 0or1 = unshifted

A 2 = left-shifted
| 3 = right-shifted
Keyboard row# 4 = alpha

5 = alpha left-shifted
6 = alpha right-shifted

If the object you’re assigning is a built-in command, use the next
procedure instead.

To ¢

1. Enter a list containing two key-assignment parameters for
each key—the object to be assigned to the key followed by the
three-digit key location number (see above).

2. Press (»)(MODES) &7TiiE (the STOKEYS command).
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This is an example of a key-assignment list for STOKEYS:

Dix

SIMH 41 "2.14" 24,2 REC 11,

You can use 'ZKEY' as an assignment object. It means the
“standard” (unassigned) key definition.

When you press a user key, its assigned object is executed—or, if the
key is unassigned, the standard operation is performed. (You can also
disable keys, as described in the next topic.)

After you’ve assigned a user key, the assignment remains in effect until
you reassign the key using ASN or STOKEYS, or until you unassign
the key. An unassigned user key reverts to its standard definition—the
same as for the standard keyboard.

Example: Assign the typing aid ¥OLLFME to the key (without
otherwise affecting the user keyboard).

Press ()™ ™) VOLUME to create the string object. Press

41 (»)(MODES)  #=H  to assign the string to the key (row 4,
column 1, unshifted). Now, you can press (.9)(USR) to type

b i
WOLUME.

Example: Assign the DUP2 command to (&q)(SWAP) (without
otherwise affecting the user keyboard).

Press (q)({3) (PRG) . &1k ilEZ 36.2 (ENTER) to create
the key-assignment list. Then press ()(MODES) &Tiik to assign

the (&9)(SWAP) key (row 3, column 6, left-shifted). Now, when the
calculator’s in 1-User or User mode, press (49)(SWAP) to execute
DUP2.

Example: Assign the standard definitions of the and (&)(USR)

user keys.

Press ()3 () SKEY () 26 (1) SKEY () 61.2

[ENTER] @(MODES] ZT0E . (The key-assignment list is

b ¥ - “ I,
= :!i_! e R ..=').

Alternatively, you can assign each key individually using ASN.
Example: Make the following user key assignments:

m Assign the variable ABC containing £ A B & * to (@) (A)
m Assign the program = 0B+ DEOF * to @Q

m Assign the command DROP2 to («g)(DROP).

m Assign the string (typing aid) “HEIGHT” to (o) (&)(h).
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Create the variable ABC containing the list « A E [ * and display the
VAR menu.

(«)({3) A (sPC) B (sPC) C (ENTER) [ [WEEK] CET [ ED:E [ ED:E] COT ||
D ABC

Enter the key-assignment list for the STOKEYS command.

@@ mEC 114 1: { ABC 11.4 « OBJ+
) HEg tEgs OROP 2 o, 3 I Pz
@,_®®753 ) ?5.2 HEIGHT" Z¢.5
BTk DREOFZ 55.2 N Y )
()M HEIGHT (») 22.5 (ENTER)

Execute STOKEYS and activate the user keyboard.

(»)(MODES) | &1k [ fizH [=T0k [RCLE [OELE [HENU] C5T |
@ETH @ER)

Now, retrieve the list in ABC' and use the program assigned to ()(2)
to separate it into its components.

@ 3z ‘A
@0 2 i
| fizH [STOK [RCLE [DELE [HEWU] C5T |
Execute DROP2, then put the string "HEIGHT" on the stack.
(S)(@EP) 7 o
@D @ 0 ENTER) 1: "HEIGHT"

[ M [ZT0K [RCLE [DELE [MENU] C3T |

Press (|9)(USR) to turn off User mode.

To unassign previously assigned user keys:

m To unassign one user key, enter the three-digit key number, then

press (»)(MODES)  BELE .

m To unassign several user keys, enter a list containing the three-digit

key numbers, then press ()(MODES) LELE .
m To unassign all user keys, press 0 ((»)(MODES): LEL K
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An unassigned user key reverts to its standard definition—the same
as for the standard keyboard. If you use DELKEYS with argument 0
to unassign all user keys, all disabled keys are enabled (see the next
topic).

Example: Unassign all user keys.

0 @)(WODES) BE

[ AZH |STOK [KCLE [DELE JMENU] C3T |

Disabling User Keys

You can disable user keys that are unassigned—so they do nothing.
This lets you control the user keys that are active, including assigned
keys and standard (unassigned) keys.

If you assign a disabled user key, it becomes enabled.

To disable all unassigned user keys:
m Enter '%° and press ()(MODES) LELE .

To enable and unassign disabled user keys:

m To enable one unassigned key, enter 'ZEEY ' enter the three-digit

key number, then press ()(MODES) F&H
m To enable several unassigned keys, enter a list containing ' SkKEY
and the three-digit key number for each key, then press ()(MODES)
270 . (Include one 'SEEY! for each key.)
m To enable and unassign all user keys, press 0 (»)(MODES) LELE .

To enable and assign disabled user keys:

m To enable and assign one user key, enter the object to be assigned to

the key, enter the three-digit key number, then press ((»)(MODES)
HEH
m To enable all user keys and assign several keys, enter a list with = as
the first object and followed by the assigned object and three-digit

key number for each key assignment, then press (»)(MODES)
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Recalling and Editing User Key Assignments

To recall the current user key assignments:

m Press ()(MODES) ECLLE (the RCLKEYS command).

The RCLKEYS command returns to level 1 a list of all the current
user key assignments—pairs of assignment objects and three-digit key
numbers. If the first item in the list is the letter %, then unassigned
user keys are currently enabled—otherwise, unassigned keys are
currently disabled.

To edit the user key assignments:

1. Press ()(MODES) EiLk (the RCLKEYS command).
2. Press («)(EDIT) and edit the key-assignment list.
3. Press (@)(MODES) %7k (the STOKEYS command) to activate

the edited assignments.

Note If you get stuck in User mode—probably with a
“locked” keyboard—because you’ve reassigned or

# disabled the keys for canceling User mode, hold down
the key and press the C key, then release the C
key first.

Deleted user key assignments still take up from
2.5 to 15 bytes of memory each. You can free this
memory by packing your user key assignments—press

(»)(MODES) ELLE 0 DELE =710

Setting Calculator Modes

You can use the MODES menu to set certain operating modes. To set
these and other operating modes or conditions, you can set and clear
system flags.
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Using the MODES Menu
The multiple pages of the MODES menu ((¢9)(MODES)) contain

operations that let you customize the way your calculator operates.
When a menu label has a = in it, that mode is active. For example,
_Z4HMe means Symbolic Results mode is active. (If you want to
change one of these modes in a program, you must set or clear the
appropriate flags—see the next topic.)

MODES Operations

Key | Description
(o)

=l Switches between symbolic (= in label) and numeric

evaluation.
BEEF | Switches between errors beeping (= in label) and not

beeping.

51k Switches between saving (= in label) and not saving the
last stack. Affects the action of («)(LAST STACK).

HE G Switches between saving (= in label) and not saving the
last arguments. Affects the action of (»)(LAST ARG).

LML | Switches between saving (= in label) and not saving in

memory the last command line. Affects the action of
(AT THD).

CHLT | Switches between drawing a continuous line to connect
plotted points ( CHi® ) and plotting points only

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

|
=

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

Switches between decimal fraction mark and comma
fraction mark (= in label).
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Using System Flags

The HP 48 provides a number of modes that also let you customize its
operating environment. Most modes are controlled by system flags.
The HP 48 has 64 system flags, numbered —1 through —64. Each flag
can have two states—set (value of 1) or clear (value of 0). The system
flags and the modes they control are described in appendix E.

The commands for setting, clearing, and testing flags are in the
MODES Customization menu (((#)(MODES)). (They’re duplicated in
the PRG TEST menu.) They take flag numbers as arguments.

To use a flag command:

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

Flag Commands

Key Programmable Description
Command
(»)(MODES) (pages 2 and 3) or TEST (page 3):
B SF Sets the flag.
CF Clears the flag.
FS? Returns true (1) if flag is set and false
(0) if flag is clear.
(= FC? Returns true (1) if flag is clear and false
(0) if flag is set.
PR FS?C Tests flag (returns true (1) if set and
false (0) if clear), then clears the flag.
FC?C Tests flag (returns true (1) if clear and

false (0) if set), then clears the flag.

Example: Automatic Alpha Lock. Ordinarily, Alpha-entry mode
is locked by pressing (@) twice in a row. You can choose instead to

have a single press of (o) automatically activate alpha lock. To select
Automatic Alpha Lock mode, set system flag —60: press 60

() (MODED) (KT 5F
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Example: User-Mode Lock. Pressing (¢9)(USR) once normally puts
your calculator in User mode for one keystroke—pressing it twice
in a row locks User mode until you press it a third time. To have
User mode “lock in” on the first press, set flag —61: press 61 (*/)

() (W0DES) (D)

Example: Evaluating Symbolic Constants. Symbolic constants (e,
i, 7, MAXR, and MINR) normally retain their symbolic form when
evaluated. If you want them to be automatically evaluated using their
HP 48 numeric representations, set flag —2: press 2 () (MODES)
NXT =R

15

The previous examples show just a few of the ways you can use

flags to customize the way your HP 48 operates. You can also use
flags to affect the display, math operations, printing, plotting, time
management, and various other operations. For the complete listing of
all 64 system flags and what they affect, see appendix E.
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The EquationWriter Application

1 The EquationWriter application lets you enter and
review algebraic expressions and equations in the
form most familiar to you—the way they appear
printed in books and journals, and the way you
write them with pencil and paper.

For example, here’s an equation taken from a
physics text:

t2
v:vo—}—/ a dt
t1

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

QYIRS LN A PR AP PR A

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

t2
u=u8+j adtl
t1

[PRET:] PROE] HVP JHATRIVECTR] ERZE |
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How the EquationWriter Application Is
Organized

The EquationWriter application is a special environment where

the keyboard is redefined and limited to special operations. 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 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 its
special purpose:

m Entry mode. For entering and editing equations.
m Scrolling mode. For viewing larger equations.
m Selection mode. For editing expressions within equations.

[PHETS] PEOE | HYP [MATE[VECTR] BAZE ]
Scrolling Mode Entry Mode

RULEZ] EDNT | EXPR | ZUE | REPL
Selection Mode
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Special keys on the keyboard are defined below.

Operations in the EquationWriter Application

Key

Description

@
®)or (@

C))
Y@

SPC

€ (S

@ED

STO

Starts a numerator.

Ends a subexpression. (()®) or ()(¥) ends all

pending subexpressions.)

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

Enters ¢ to start a parenthesized term. () (or (¥))
ends the parenthesized term.

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

Exits the EquationWriter application and evaluates the
equation.

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

Exits the EquationWriter application without saving
the equation.

Invokes scrolling mode. In scrolling mode, the menu
keys are erased; if the equation is larger than the

display, (&) (V) (€) (®) scroll the display window over
the equation in the indicated direction. Press

(®)(GRAPH) again (or (ATTN)) to return to the previous
mode.

Returns the equation to the command line for editing.
(See “Editing Equations” on page 16-16.)

Returns the equation to the stack as a graphics object.
(See “The Structure of the PLOT Application” on
page 18-2 and “Working with Graphics Objects on the
Stack” on page 19-26 for discussions of graphics
objects.)
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Operations in the EquationWriter Application (continued)

Key Description
()(CLR) | Erases the display without leaving the EquationWriter
application.

()([RCL) |Inserts the level 1 object into the equation at the cursor
position. (See “Editing Equations” on page 16-16.)
@) Turns implicit parentheses mode off. Press ()({3)
again to turn implicit parentheses mode back on. (See
“Controlling Implicit Parentheses” on page 16-11.)

(@)™ |Returns the equation to the stack as a string.

Constructing Equations

To start the EquationWriter application:
= Press ($)(EQUATION).

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

To view a large equation or unit object:

1. Press (9)(GRAPH) to activate scrolling mode.
2. Press (€) () (A) (V) to move the viewing “window.”

3. Press (q)(GRAPH) to return to the previous mode.

To exit the EquationWriter application:

= To put the equation on the stack and exit, press (ENTER).
m To discard the current equation and exit, press (ATTN).
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Entering Equations

While you’re entering an equation, you don’t have to wait for the
HP 48 to display the result of each key—you can keep typing because
the HP 48 can remember up to 15 keystrokes.

To enter numbers and names:

m Key them in exactly the same way you key them into the command
line. The menu keys in the VAR menu act as typing aids for
variable names.

To include addition, subtraction, and multiplication:

m To enter +, ~, and =, press (1), (=), and (X).
m To do implied multiplication, don’t press (x). (See below.)

You can do implied multiplication (without pressing (X)) in some
situations—a multiply sign (*) is automatically inserted between:

m A number followed by an alpha character, a parenthesis, or a prefix
function (a function whose argument(s) appear after its name)—for

example, when you press 6 (SIN).
m An alpha character and a prefix function—for example, when you

press A ()2

m A right parenthesis followed by a left parenthesis.

m A number or alpha character and the divide bar, square-root
symbol, or zth root term—for example, when you press B (&).

2 M+ LOG(K) +z-%n

1 1
No [x] necessary
EEEEEE IR EEATREEEER | when entering

To include division and fractions:

1. Press (A) to start the numerator.
2. Press (®) to end the numerator ((¥) works too).
3. Press @ to end the denominator.
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Here’s an alternate way for fractions whose numerator consists of
either one term or a sequence of terms with operators of precedence
greater than or equal to -~ (divide):

1. Type the numerator (without pressing (4)).
2. Press () to start the denominator.
3. Press () to end the denominator ((¥) works too).

@\ > (]
\\ / /

\\ / /
\ / /

BIE M o_
A+ v +E+E|W+E—T =70

;;n

m\mm\'ma
\

E >

To include exponents:

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

\
(%]

%] > ]
}

[/

| /
HH ,f,:aﬁ'.+1la’l|:I

4
y <
<

PAET:] PROE | HYP [MATE[VECTE| ERZE |
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To include roots:

m To include square root, press to draw the 1 symbol and start
the term, then press () to end the square root term.

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

3 =

/
\_ /L
/

Y
¥
T4[L+1-120

PrkT:] PROE | HYP [MATE[VECTR] ERSE ]

To include functions with parenthetical arguments:

1. Press the function key—or type the name and press (&)({()
2. Press (») to end the argument and display .

1+ASINHCKH) O
A

S
[ ZIMH [HEIMH] CHEH [ACOZH] THMH |ATAM |

]

To include parenthesized terms:

1. Press (&q)((Q) to display the .
2. Press (») to end the term and display .
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To include powers of 10:

1. Press to display E.

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

4. Press any function key to end the power.

To include derivatives:

1. Press ((#)(3) to display g.

2. Key in the variable of differentiation, then press () to end the
denominator and display .

Key in the expression.

4. Press () to end the expression and display .

“

(2]

\k ) o
EE[H —5]!]

Pardl:] PEOE HYP [HATE VECTR] EAZE |

|

] >

To include integrals:

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

Key in the lower limit and press ().

Key in the upper limit and press ().

Key in the integrand and press () to display .

Key in the variable of integration.

Press () to complete the integral.

o> ot o1
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N

>

[ SIHEHJ di 0

L‘mmm

N\

>

To include “sigma” summations:

1.

PRIl ol o

Press ()(Z) to display the & symbol. The cursor is positioned

below.

Key in the summation index.

Press () (or ()(=)) to key in the = sign.

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

Press () to end the summation.

r=3M

‘ r~|+1u

H=1

[AETs] PNE | HYP [HATRVECTR] EASE ]
B (or )[=]) =
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To include units:

1. Key in the number part of the unit object.

2. Press (»)(0) to start the unit expression part of the unit object.
3. Key in the unit expression.

4. Press () to end the expression.

You can build unit objects (described in chapter 13) in the
EquationWriter application. For combination units, press (X) or () to
separate each individual unit in the unit expression. You can key in
unit names in one keystroke by pressing the corresponding menu key
in the UNITS Catalog menu.

(=] LENG  FT
(== — Ry

To include | (where) functions:

1. Key in a parenthetic expression with symbolic arguments.

2. Press (&9)(ALGEBRA) i to display i. The cursor is
positioned at the bottom right of the symbol.

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

4. Press (») to end the function.

The | (where) function substitutes values for names in expressions. It’s
described under “Using the | (Where) Function” on page 22-25.
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[+ [ALGEBRA|[NXT] I | > (or [«a] [=])
/

| /

|

Y
AL, Y) |x=5,*r=3Q 5

A-HMAT[-FAT] I JRPPLY[2UOT | 02 |

[sPC]—

— ] (or [«] [=])

Controlling Implicit Parentheses

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

(») (or (¥)) ends the argument.

If you turn off implicit parentheses, the argument ends when you enter
the next function—pressing (») doesn’t end the argument.

To turn implicit parentheses on or off:

m Press ()({3). A message showing the current state is displayed
briefly.

Disabling implicit parentheses i1s convenient for entering polynomials,
for example, where exponents are completed when you enter the
function that starts the next term.

Leaving and then restarting the EquationWriter application turns
implicit parentheses on. If you turn off implicit parentheses after

keying in (3), (x), or (¥), but before supplying the argument, implicit

parentheses is not applied to those arguments.

The second example below demonstrates turning off implicit
parentheses.
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EquationWriter Examples

At the end of each example, instead of pressing to put the
equation on the stack, you can press (@»)(CLR) to clear the display for

the next example. (If you press ((»)(CLR), ignore the (.q)(EQUATION)

instruction at the start of each new example.)

If you make a mistake while you’re keying in an equation, press (¢) to
backspace to the error—or press () (CLR) and start again. Note that
the HP 48 may take several seconds to redisplay the equation after
you’ve pressed («) several times. In “Command-Line Editing” on page
16-17, you’ll learn how to edit an equation in the command line.

Example: Key in the equation

t2
v:v0+/ a dt
t1

Select the EquationWriter application and key in the equation up to

the f sign. (After you press (¢)(EQUATION), you can lock lowercase
alpha for alpha entry by pressing (@)($)(2).)

(@ EQUATIoN
@O

u=uE+[

LA=H | STOK [RCLE [DELE JHENL

Key in the integral sign.

3]0

u=uE+J
u]

[ =W {270k [RCLE [OELE MEWU] C3T ]
Key in the lower limit and move the cursor to the upper limit.

t1 (%)

1|
u=uB+
t1
[AsH | 3TOK |RCLE | DELE [MEWU| C5T |
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Key in the upper limit and move the cursor to the beginning of the
integrand.

t2 )

t2
u=uE1+[ 0
t1

[ A3H [STOK [RCLE JOELE [MEHU

Key in the integrand and the variable of integration.

a(@)t

t2
u=ul3+[ adtl
t1

LAzH [STOK [RCLE JDELE JMENU] CST |

Put the equation on the stack.

1: 'w=uB+f(11,12,4,1)"
[z |10k TRoLk | ELK JHEND] C3T

Example: Key in the expression X3 + 2X?% — %, first with implicit
parentheses and then without.

@ ETAED X () 3 ) @
X200 5 .21
1@X K2R

[ AZH [STOK |KCLE [DELE [MENU

Clear the display and turn off implicit parentheses.

()(CR) Implicit t» off
@®)
0

[ AZH [STOK [RCLE [OELE JMENU] CET |
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|
.

Key in the expression again.

XEH@OA@D2010X

[ fzH [ STOK [RCLE [DELK [MEHU] C5T |

Press (q)({3) to turn implicit parentheses on and put hte

expression on the stack.

Example: Key in the equation

2ty

2
3 = 3

2
3 +y

Key in the equation. (After you press (|q)(EQUATION), you can
activate lowercase alpha lock by pressing (@)(+9)(@).)

(9 (EQUATION)
@O

>0 [ W [2T0k [RCLE JDELE [HEMUT C3T |

Press to put the equation on the stack.
Example: Key in the expression

97N
X2 - 2XYecos—r 4 Y2

2N +1
@) EETon)
X200 2 2N 2
2X ) Y (€05) w-zavoos| S +%
2@@XNE
2N 1
EZJS | #=M | ZTOK [KCLE [DELE [MENU] C2T |

Press to put the expression on the stack.
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Example: Key in the expression

W%QCOS2(7TX)

) ETT
@3 Y @)
DX -2 lzcosrs %]
208 @I X ()
20

[ A=M [STOR [RCLE [DELE [MENU

Press to put the expression on the stack.

Example: Key in the expression

1 xP-1
/o X2MA1 — e

(&) (EQUATION)
0%]18@ P AL
X0 PO 1 [————
X 7) 2M ) E'HE M+1_H2 M+1

AGPI2M (+) 1

Press to put the expression on the stack.

Example: Key in the expression

165 x 107128
S
() (EQUATION)
165 €9 (0 12 @0 e
(@UNT) ! 1.65E-12 200
@) A 5
-UNITS
%J@ LWk [ 0 [ H [MIN] & [ HZ ||

Press to put the expression on the stack.
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Editing Equations

You have several options for editing equations in the EquationWriter
application:

m Backspace editing.

m Command-line editing.

m Inserting an object from the stack into the equation.

m Replacing a subexpression with an algebraic from the stack.

Backspace Editing

If you make a mistake while entering an expression in the
EquationWriter application, you can erase characters back to the error
and fix it.

To edit by backspacing:
m Press («) until you delete the error.

m Complete the expression correctly.

Note, however, that backspacing may be slow in certain situations.
Backspacing is usually appropriate for correcting a mistyped character
or digit—for extensive editing, use command-line editing, described in
the next topic.

Example: Key in the expression sin(z + /y + 180 + 2).

Select the EquationWriter application and start the expression.

“Accidentally” key in 17 instead of 1ZE.

() (EQUATION)

EN) x
@y @ 170 SIN(w-Jo+T780

[ AEM [ZTOK [RCLE [DELE [MERU] CET |
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Backspace over 7, key in the correct number, and finish the
subexpression.

W®0 )

SIN(:Jo+1880

L A=H | STOK [RCLE JOELE [MEMU] C5T |

Finish keying in the expression.

Bz

SIN(se-[9+188+z) 0

LAzH [STOK [RCLE [DELE [MEHU] C5T |

Press to put the expression on the stack.

Command-Line Editing

You can edit all or part of an equation in the command line and then
return the edited version to the EquationWriter application.

To edit the full equation:

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

. Press (&)(EDIT).

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

. Press to save the changes (or press to discard them)

and return to the EquationWriter application.

Example: Key in the expression

50
Z sin(27)
i=1
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Select the EquationWriter application and key in the expression.
“Accidentally” specify the series index as H instead of I.

() (EQUATION)
@O

H () 1 ()50 &)
N2 @@ D)

[ EH [STOK [RCLE [DELE [MENU] C3T |
Suppose that you now realize that you need to change the + to I. Try
using command-line editing.

@ Incnmplete

LI E}{PFESS ion

Esm Zat-

[ f3H [STOK [RCLE [DELK [MERL

The Equatlonerter apphcatlon briefly displays the message

Iry = z=zz1ian and leaves the cursor at the end of
the equatlon Complete the expression, then start command-line
editing.

1) (©)ED) ;§5H=1,5E’I,SINEE*W“1

£3EIP|ZKIP#[ £DEL [DEL* | INZ u|+3TE
Change the H to I and return the expression to the EquationWriter
application. (The HP 48 takes a few seconds to return the expression
to the EquationWriter application.)

@®ED!

SH
S sinlz')
I=1

[ AEM [ZT0K [RCLE JDELE [MENU] CET |

Press again to put the expression on the stack.

To edit a subexpression of an equation:

1. If the equation ends in an incomplete subexpression, complete it.
2. Press () to activate the Selection environment.
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3. Press (A) (V) (@) () to move the selection cursor to the top-level
function for the subexpression you want to edit. (See below.)

4. Optional: Press ExbE  at any time to show the associated
subexpression—a highlight turns on or off.

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

6. Edit the subexpression in the command line.

7. Press to enter the revised subexpression into the equation
(or press m (ATTN) to discard it).

8. Press [T to leave the Selection environment. (If EXIT isn’t
dlsplayed press (=) to return to the Selection menu.)

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

A subexpression consists of a function and its arguments. The function
that defines a subexpression is called the top-level function for that
subexpression. For example, in the expression * ' the top
level functlon for the subexpression *E#* is %, the top-level function
for 'E [:' is ., and the top level function for FATE

(You can actually specify an individual object, a name for example, as
the subexpression.)

F+BEsD oD 18 4.

You can also use the Selection environment to specify a subexpression
to rearrange using the Rules transformations—see “Using the Rules
Transformations” on page 22-11.

Example: Key in the expression

1
4
tanA/ z¥dz
Z Jo

Select the EquationWriter application and start the expression. In the
argument for TAN, “accidentally” press (x) instead of (3).

() (EqUATIoN)
an) 4 () X () 1
@0I® ) TAN(44) 'Ja”

[ AZM [STOK [RCLE JDELE [MERU] CET |
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At this point you realize your mistake. However, you must enter the
remaining arguments for the integral subexpression before activating
the Selection environment.

X@OYE®X

i
TANC44) -JE W' gun

LAEN [STOK [RCLK [DELK JMEMU| C:T |

Now activate the Selection environment. Then move the cursor back
to the unintended -.

Q)
(@) (as required)

1
TANC 484) -L W’ gy

[FULEZ] EDIT | EXPR | SUE [ REPL | EXIT |
Optional: Highlight the corresponding subexpression for -

EHEE
1
TANC izl -JB w' gy

[FULEZ] ENNT | E4PR [ SUE | REPL | EXIT |
Return the subexpression to the command line for editing.

Bl ALG PRG
{ HOME }

G4
% SKIP[sKIP+| £UEL [DEL [ INS a[ 5Tk ]

Replace the # with - and enter the change. (The HP 48 takes a few
seconds to return the expression to the EquationWriter application.)

W@E)
THN[-%] J; u" dw

@R O

[RULE=] EWIT [ EXPR] SUE | REPL
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Leave the Selection environment. After several seconds, the normal
cursor reappears at the end of the equation and the last menu is
redisplayed.

ENIT

THN[%]I;HTdH 0

[ =N |70k [RCLE [DELE [MEWU] C3T |

Press to put the expression on the stack.

Inserting an Object from the Stack

The EquationWriter application lets you insert an object from the
stack into an equation you’re entering. The object can be a name, a
real number, a complex number, an algebraic, or a string.

To insert an object from level 1 into an equation:

m Press ()(RCL).

The object is deleted from the stack and inserted at the cursor
position. The delimiters for names, algebraics, and strings are
automatically removed.

Example: Enter the expression
10 2
/ 2 —yde+ vy
0 2

‘t+ ' 1n the command line and duplicate it.
23 gy
1: 'Hre-Y !
[ fizH [STOK [RCLE [OELE [MEWU] C5T |
Select the EquationWriter application and key in the integral sign and
limits of integration.

(@) (EUATION
@00 10®

Enter the expression

OX )20 Y ENTER) ENTER)

[ fEH [STOK [KCLE JOELE JMENU] CST |
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Insert the integrand into the expression.

@ED

1@
J ey
a

LAzH [STOK [RCLE [DELK [MEHU] C5T |

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

®x®
18 = HE—"l’
DEED®:E [x-vax 510

L [STOK [RCLE [OELE [MEMU] CET |

Press to put the expression on the stack.

Replacing a Subexpression with an Algebraic Object

The EquationWriter application lets you replace a subexpression or
individual object in an equation. It’s replaced by an algebraic object
taken from the stack.

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) (¥) (€) (®) to move the selection cursor to the top-level
function for the subexpression you want to replace. (See
“Command-Line Editing” on page 16-17.)

subexpression—a highlight turns on or off.
5. Press EERL .
6. Press E# 171 to leave the Selection environment.

The algebraic is deleted from the stack.
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Viewing and Editing Objects with the
EquationWriter Application

You can use the EquationWriter environment to view and edit an
algebraic or unit object in its EquationWriter form.

To view an existing algebraic or unit object with the EquationWriter
application:

1. View the object:
m If the object is in level 1, press (V).
m If the object is stored in a variable, put the variable name in

level 1 and press ((#)(¥).
2. Press to return to the stack.

Note that, depending on the length and complexity of the algebraic or
unit object, the HP 48 may take several seconds to display it in the
EquationWriter application.

To edit an object you’re viewing with the EquationWriter application:

1. Use any of the three EquationWriter modes—scrolling mode,
selection mode, and entry mode. See “How the EquationWriter
Application Is Organized” on page 16-2.

2. Press to save the changes (or press to discard them)

and return to the stack.
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The HP Solve Application

The HP Solve application lets you numerically solve

real-valued equations containing any number of

variables. It’s a convenient alternative to symbolic

17 ;

math and programming when you want real-valued
numeric results.

To solve an equation for numeric answers by hand, you might use the
following general procedure:

1.
2.

3.
4.

Write down the equation you want to solve.

If possible, manipulate the equation to solve for the unknown
variable.

Substitute known values for the given variables.

Calculate the value of the unknown variable.

When you use the HP Solve application, you follow a similar
procedure—ezcept you don’t need to do step 2, and that simplifies
the process. And you can repeat steps 3 and 4 as often as you like,
changing the values of one or more variables and solving for any
variable.
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The Structure of the HP Solve Application

The HP Solve application consists of two menus (the SOLVE menu
and the SOLVR menu) and the reserved variable EQ containing the
current equation—the equation you want to solve.

m The SOLVE menu lets you view the current equation or specify a
new current equation. The SOLVE menu also lets you access the
Equation Catalog, so you can select and manage existing equations.

m The SOLVR menu displays the variables for the current equation,

letting you store,

solve for, and review the numeric value of each

variable in the equation.

[+ [SOLVE] —>

The SOLVE menu:
View current equation. If needed,

SOLVR

specify a new current equation
i ot
The Equation Catalog:

or select the Equation Catalog.
Make an existing equation | < (] [ALGEBRA|
the current equation.

i SOLVR
Y

[+) [SOLVE]—>

The SOLVR menu:
Display the menu of variables
for the current equation.
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Using Equations, Expressions, and Programs

The HP Solve application can solve for the numeric value of a variable
in an equation, expression, or program:

m Equation. An equation is an algebraic object containing = (for
example, 'F+E=0"). A solution is a value of the unknown variable
that causes both sides to have the same numeric value.

m Expression. An expression is an algebraic object not containing =
(for example, 'A+E+C"). A solution is a root of the expression—a
value of the unknown variable for which the expression has a value

of 0.

m Program. A program to be solved must return one real number. A
solution is a value of the unknown variable for which the program
returns 0.

Throughout this chapter, the term “equation” refers to all objects used
to create SOLVR menus—equations, expressions, programs, and lists of
equations, expressions, and programs.

Specifying the Current Equation

The current equation is the equation you last solved or plotted. It’s
stored in reserved variable F@Q. You change the current equation each
time you solve or plot a different equation. (To solve the current
equation, see “Solving the Current Equation” on page 17-12.)

To check the current equation:

m Press ()(SOLVE).

A two-line status message gives the current equation and its name—
or, if there’s no current equation, it gives instructions for entering a
new equation. In addition, the SOLVE menu is displayed.
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urrent equat
OTH: '¥= E*T+H*T"2z2' <— Current equation

tagged with its name

NG TR EEAEEANTE | < SOLVE menu

Entering a New Current Equatlon

You can use either - . to enter a new current
equation. = HEH helps you enter and name a new current equation
by displaying an instructive message. STER is useful if you want
to store an equation in E@Q without naming it. Named equations
are stored in variables so you can use them again later—unnamed
equations are lost when you change the current equation.

To enter and name a new current equation:

1. Enter the equation in level 1. You can type it in the command line
or use the EquationWriter application.

2. Press (®)(SOLVE) HEHM

3. Without pressing (), key in a name for the equation and press
(ENTER)

The equation is stored in a variable with the name you entered—the
variable name is stored in £Q. (If you press without keying in
a name, the equation itself is stored directly in £Q.)

If the “equation” is a program or list,  HEL = automatically adds
. Efl to the variable name (or » Ef if the fraction mark is “;”). This
identifies the variable as containing an object for solving or plotting.

Example: Use HEHM to enter and name the following equation for
the motion of an accelerating body:

at?
r = v0t+ 7

(This equation assumes that variables X, V0, T, and A don’t exist in
the current directory.)

17-4 The HP Solve Application



Key in the equation using the EquationWriter application.

@ED

(<)(EQuaTion) a2
@WAMTED206)
2
>) LA {270k [RCLE [DELK [MENUT C2T |
Store the equation as the current equation.
1 HOME } FRa
(®)(SOLVE)  HEH ane (e zauat Tom;
press EMTE
+
L[ [ [ [ [

In response to the prompt, name the equation MOTN. Don’t press (o)
because ¢ HER automatically locks Alpha-entry mode.

MOTN

Current equation:
MOTH: 'R=NBxT+A*T"2-2'

3:
7

ROOT | WEL EDEG [STER | CAT |

This equation is solved in the example on page 17-13.

To enter a current equation without naming it:

1. Specify the equation in level 1:
m For a new equation, enter it into level 1.
m For an equation stored in a variable, enter the variable name.
(Press (7)), then press the variable’s menu key or type its name.)
2. Press (|q)(SOLVE) &7E& (the STEQ command).

The STEQ command stores the equation or name in £Q. Note that
an unnamed equation in F(Q is lost the next time you store a new
equation in FQ.
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Example: Enter the equation below for the velocity of sound in a
gas, then store it in variable VSOUND. Use STEQ to make it the
current equation.

YRT
M

v =

Select the EquationWriter application and key in the equation. (To

key in -, press (@) () G.)

(S EQuATON)
vRE W) BT
T®RETEM u= |

[Z0LYR] ROOT | WEM |ECEG [STEG | CAT |
Store the equation in VSOUND.

1:
() VSOUND [EOLYR] ROOT | NEW |EDER [STEG | CHT

Use STEQ to make VSOUND the current equation.

@R () a0l
(@G ETES

Current equat
VSOUND: 'w= I(T*R*TfH)'

I
o
[EOLUF] OOT | NEM JEDER: [TER CAT |

Reusing an Existing Equation

The Equation Catalog shows a listing of all named equations in the
current directory. It’s a special environment tailored to manage
existing equations. The stack display is replaced by the equation
listing, and the keyboard is redefined to execute special operations.
These operations let you select the current equation and combine, edit,
reorder, and purge existing equations. The Equation Catalog lists

all named algebraics, plus all variable names ending in £Q and all
directories in the current directory.
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To get the Equation Catalog:

m Press (q)(SOLVE) CHT
L] Press (@ ELoT) CAT
u Press (@) (ALGEERA).

Selected entry
1]
{ HOME }
PYSOUNDE " u=T Cv#RET- M.,
EQ: 'WSOUND'
atalog pointer ir < i
ap FERT BEY £ conp conw.,|  Subdirectory
| N A N N B KR

Variable that does not
contain an equation

To work with an equation in the Equation Catalog:

1. Press (A) and (¥) to move the pointer to the desired entry in the
list.
2. Do the operation:
m To make the equation the current equation and start solving the
equation using the HP Solve application, press = :
m To view the equation, press and hold * 1EH —release the key to
quit viewing.

To exit the Equation Catalog:

m To exit, update the current equation, and start solving the equation
using the HP Solve application, press &
m To exit without updating the current equatlon press

The following table gives a complete list of operations in the Equation
Catalog environment. The operations work on the selected entry. The
Equation Catalog is used by the HP Solve application and by the Plot
application (described in chapter 18).
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Operations in the Equation Catalog

Description

HELER

Makes the selected entry the current equation and
displays the PLOTR menu.

Makes the selected entry the current equation and
displays its menu of variables.

Creates or adds to a list of equations. (See “Solving
Two or More Equations” on page 17-27.) ((&q) E&i+
removes the last entry from the list.)

Places the selected entry in the command line for

editing. Press to save the changes—or press
to discard the changes.

Copies the selected entry to the stack.

Clears the display and shows only the selected entry,
without its name, until the key is released. If the
selected entry is a directory, % iEl switches to that
directory.

Makes the selected entry the first entry in the catalog.
If you create a list of n equations with Eii+  OEDER
makes those equations the first n entries in the catalog.
Purges the selected entry from the catalog (and from
the current directory).

Enabling FHZ7T# shows the names in the catalog (and
in status messages) without their contents. (Enabling
u sets flag —59. The converse is also true.)

"u is useful if the catalog contains many long
equations, since such equations are slow to display.

Moves the catalog pointer up one level. When prefixed
with (&), moves the catalog pointer up one page
((®9)(PgUp) in the following keyboard illustration);
when prefixed with (), moves the catalog pointer to

the top of the catalog (()(@&) in the following
keyboard illustration).
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Operations in the Equation Catalog (continued)

Key Description

™ Moves the catalog pointer down one level. When
prefixed with (4q), moves the catalog pointer down one
page ((«e9)(PgDn) in the following keyboard illustration);
when prefixed with (), moves the catalog pointer to
the bottom of the catalog ()@ in the following
keyboard illustration).

Exits the Equation Catalog.

Executes #% Tl (copies the selected equation to the
stack). If the selected entry is a directory, switches to
the Equation Catalog in that directory.

(®)(UP) | Switches to the Equation Catalog of the parent
directory.

(»)(HOME) |Switches to the Equation Catalog of the HOME

directory.

Hhdhdhhh

PgUp A PREV
(O] A
UP_HOME PgDn ¥

(OO
OO0 0Od)
Executes stk — S enter ) () () () ()
(o)
@CJCJC Y
> JC )
Exits Catalog 7*?@[ o)) )
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Example: Use the Equation Catalog to select MOTN (from the
example on page 17-4) as the current equation and start solving it (by
displaying its menu of variables).

Get the Equation Catalog.

-SOLVE LR
) { HOME

MYSOUMD: ‘o=l CvER%T M.
MOTH: 'H=VB*T+R=T"2-..

BIO: dir

PROG: dir

B: 'X-2'
[PLOTE[ZOLYE] EG+ | EDIT [*2TH] VIEK |

Move the pointer to MOTN . Then make it the current equation and
display its menu of variables.

() (if necessary) MOTH: "H=VB*T+A*T 2/ ..

— 00

L L vo Il T I a IEEEEI ]

Note that the selected entry doesn’t become the current equation until
you press LR (or FLOTE).
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Summary of SOLVE Menu Operations

The SOLVE Menu

Key

Programmable
Command

Description

(@GO

SR

BT

EREH

)
G GEYED)

ROOT

STEQ

RCEQ

Selects the menu of variables for the
current equation.

Solves an equation (in level 3) for an
unknown (in level 2), using the guesses
in level 1. ROOT is principally useful
in programs.

Takes the equation from level 1,
prompts for a variable name, stores
the equation in that variable, and
makes the equation in that variable
the current equation.

Places the current equation in the
command line for editing. Press

to store the changes in the

variable and make the edited version

the current equation—or press
to discard the changes.

Stores the level 1 equation as the
current equation.

Recalls the current equation to level 1.
Selects the Equation Catalog.

Redisplays the “current equation”
status message.
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Solving the Current Equation

When you solve the current equation, you store values for known
variables and solve for the value of the unknown variable. You
normally do this using the SOLVR menu, which is a menu of variables
for the current equation.

To begin solving the current equation:

m Press &iil WF in the SOLVE menu or Equation Catalog.

or
m Press (»)(SOLVE) at any time.

In the Equation Catalog, &l
selected equation in the list.

‘i also sets the current equation to the

When you begin solving the equation, you get the SOLVR menu, the
menu of variables for the current equation—the equation stored in
EQ. The SOLVR menu contains:

m A “white” menu key for each variable in the current equation.
m The E:FE = menu key, discussed later in this section.

The variable menu labels are white with black letters. This
emphasizes that the menu operations for variable keys in the HP Solve
SOLVR menu differ from the operations in the VAR menu (or CST
menu).

Finding a Solution

When you solve the current equation, the HP Solve application looks
for only one solution. If the equation might have more than one
solution, see “Finding Other Solutions” on page 17-17.

To solve the current equation:

1. For each variable with a known value, enter the value and press the
variable’s key in the SOLVR menu.

2. Optional: For the unknown variable, enter a “guess” for its value
and press the variable’s key in the SOLVR menu.

3. Press (&q) and the unknown variable’s key in the SOLVR menu to
solve for its value.
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If a variable doesn’t exist, it’s created when you store a known value
or solve for its value. You don’t need to enter a value for a variable if
it already contains the desired value.

If you want to enter a “guess” for a variable, see “Finding Other
Solutions” on page 17-17.

When you solve the equation, you get a message that describes the
outcome of the process. See “Checking the Solution” on page 17-16
and “Interpreting Results” on page 17-18.

To recall a variable’s value:

m Press () and the variable’s key in the SOLVR menu.

To review variable values:

1. Press (q)(REVIEW).
2. Press to return to the stack display.

Example: Assuming the current equation is the equation of motion
of an accelerating body (MOTN), calculate the distance (z) a body
travels in 4 seconds () if its initial velocity (vg) is 2 m/s and it is
accelerating (a) at 3 m/s?. (This equation actually has two solutions
for z—to find the second solution, see “Finding Other Solutions” on
page 17-17.)

(This example assumes that variables X, V0, T, and A do not exist in
the current directory.)

If necessary, get the SOLVR menu. Then store 4 in T'. (T: 4 at the
top of the display tells you 4 has been stored in T'.)

() (SOLVE) (if necessary) |T: 4 I

Now, store 2 in V0 and 3 in A.

|F|= ] I
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Solve for z. Note that the numeric result is tagged with the variable
name. The message ZERQ

7 in the status area indicates that a root
(solution) has been found.

Zero

LH

H

7

1: Wi 3¢
Lg v I T I 58 IEHEEL |

If the object actually traveled 40 meters with the same initial velocity
and time, what was its acceleration? Store the new values and solve
for a.

2 " 32
A: 4

@ La v Il 1T I 8 ICEEI ]

Note that the solution for X from the previous calculation is in level
2—this 1s not the current value of X. Review the current values.

(©)(REVIEW) MOTHE T R=vasT+AET 27 .
Yo: 2
T: 4
A: 4
e vl 1 Il 8 IR 1

Press to return to the stack.

Example: The equation for a simple resistive circuit is V = IR,
where V is the circuit voltage, I is the circuit current, and R is the
circuit resistance. Use the HP Solve application to find the value of
when V is 10 volts and R is 20 ohms.

(This example assumes that variables V, I, and R do not exist in the
current directory.)
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Select the HP Solve application, then key in the equation. Use
HEH to name the equation FLEC and make it the current
equation.

@ Eurr'?ntl, e uat. ions
(SEoE) ELECE Symlafe!
OVERIX®R el
HEW ELEC (ENTER) o
1:

ROOT [ WEM [EDEG [STEG | CAT |

Display the menu of variables for the current equation.

R ELEC: 'VW=I*R'

4z

3:

i

1:

| I | I | O [P || |
Supply the known values and solve for the unknown. The resulting
message Z=tro in the status area indicates that the equation balances

Zero

4z

3:

o

1: I: .5

Ly I 1 Ik IFEEl Il |

If R is 30 ohms for the same value of I, what is V7 Store the new
value of R, then solve for V.

Zero
4:
iH
z I: .5
1: Ve 15
| I | T | N = [ |
Now review the values of all the variables.
() REVIEW) ELEC: TV=I#R
I: .5
R: 320
Ce L L e JEal I
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Press to return to the stack display.

Checking the Solution

After you find a solution to the equation, you can check the solution
by finding how closely the equation balances—how close the solution is
to a true solution, called a root.

To check how well the solution satisfies the equation:

m Press £

= returns one or two values, depending on the form of the
current equation:

m For an equation, | returns two values—the numeric values of
the left and right sides of the equation. The values are tagged with
LEFT and RIGHT.

m For an expression or program, £ #FFE= returns one value—the
numeric value of the expression or program. It’s tagged with EXFE.

For an expression, the closer the result returned by £ s to zero,
the more likely it is that the HP Solve application has found a root.
For an equation, the closer the two results returned by ExEE= are to
each other, the more likely it is that the HP Solve application has
found a root. For more information, see “Interpreting Results” on
page 17-18.

Example: Assuming that FLEC is still the current equation, use
E#FEE= to evaluate the two sides of the equation.

Select the SOLVR menu directly and evaluate the equation.

() (soLvE) 7 LEFT: 15
Eipns 1: RIGHT: 15
Ly 101 T g IE3EE I |

The left and right sides of the equation are both exactly 15, indicating
the HP Solve application found a root.
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Finding Other Solutions

When you solve for a variable using the HP Solve application, it finds
only one solution—even if other solutions exist. If you’ve already
found a solution for your equation and you want to find another
solution, you can use guesses to guide the root-finder to a different
solution. See “Using Guesses” below.

For a more visual approach to finding solutions, you can use the Plot
application. See “Choosing the HP Solve or Plot Application” on page
17-22.

Using Guesses

You can supply one or more guesses for the unknown variable before
solving for it. Good guesses help in two ways:

m If there’s more than one solution, guesses control which solution is
found.
m Good guesses reduce the time required to find a solution.

To store guesses for a variable:

m To store one guess, enter the value and press the unshifted menu

key.
m To store two or three guesses to bracket a desired solution, enter
a list (with ¢ * delimiters) containing the guesses, then press the

unshifted menu key.

To find out how guesses affect the solution, see “How the Root-Finder
Uses Initial Guesses” on page 17-32.

Example: Store guesses 0 and 10 for variable V. Press
(«Q)E3) 0(SPC) 10 (ENTER): % ' to create the list and store it in V.

Summary of SOLVR Menu Operations

The SOLVR menu normally contains a label for each global variable in
the current equation plus the EEFFE= label. You can customize this
menu—see “Customizing the SOLVR Menu” on page 17-25.
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To use the SOLVR menu:

m To store a value in a variable, enter the new value on the stack, then
press its menu key.

m To solve for a variable’s value, press (4&q) and its menu key.

m To recall a variable’s value, press () and its menu key.

m To type a variable name when the command line is in Algebraic- or
Program-entry mode, press the menu key.

m To calculate the Value of the equation, press

m To review variable values, press («9)(REVIEW) (Press (ATTN) to

return to the stack dlsplay‘)

The SOLVR menu remains unchanged until a new current equation is
specified.

The catalog of values shows the full names and values of variables
on the current page of the SOLVR menu. The next keystroke you
make cancels the review, redisplays the stack, and then executes the
keystroke itself.

Interpreting Results

The HP Solve application returns a message describing the result
of the root-finding process. You can use this message and other
information to judge whether the result is a root of your equation.

The message is based on the wvalue of the equation—the difference
between the left and right sides of an equation, or the value returned
by an expression or program.
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When a Solution is Found

If a root is found, the HP Solve application returns a message
describing the root:

Faro The HP Solve application found a point where
the value of the equation is 0 within the
calculator’s 12-digit precision.

The HP Solve application found two points where
the value of the equation has opposite signs, but
it cannot find a point in between where the value
is 0. This may be because:

il
ot
1
o |
ca
]
i
-
1]
i
o

m The two points are neighbors (they differ by 1
in the 12th digit).

m The equation is not real-valued between the
two points. The HP Solve application returns
the point where the value is closer to 0. If
the value of the equation is a continuous
real function, this point is the HP Solve
application’s best approximation of an actual
root.
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Est remum One of the following occurred:

The HP Solve application found a point where
the value of the equation approximates a local
minimum (for positive values) or maximum (for
negative values). The point may or may not
represent a root.

The HP Solve application stopped searching at
49.99999999999E499, the largest or smallest

numbers in the calculator’s range of numbers.
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To obtain more information, you can:

m Evaluate the equation using E#FE=. For an expression or program,
the closer the result is to 0, or for an equation, the closer the two
results are to each other, the more likely it is that the HP Solve
application found a root. You must use judgement in considering
the results.

m Plot the expression or equation in the region of the answer. The
Plot application will show any local minimum, maximum, or
discontinuity.

m Check the system flags that detect mathematical errors (see
appendix E). For example, flag —25 indicates whether overflow
occurred.

When No Solution is Found

If the HP Solve application can’t return a result, it displays a message
indicating the reason:

Ead Gueszies)  One or more of the initial guesses lie outside
the domain of the equation—or units for the
unknown variable aren’t consistent with the units
for the other variables (see “Using the HP Solve
Application with Unit Objects” on page 17-23).
Therefore, when the equation was evaluated, it
didn’t return a real number or it generated an
error.

Constant? The value of the equation is the same value at
every point sampled.
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Choosing the HP Solve or Plot Application

The HP Solve application and the Plot application both let you find
solutions for an equation.

The Plot application lets you find solutions by working directly with a
picture of the equation. This powerful capability is of great value if
you don’t know what the equation looks like over a range of values.
Specifically, equations can have multiple solutions—and they can have
local minima and maxima.

With the HP Solve application, you use numeric guesses to direct

the root-finder to the desired region of the equation. The Plot
application lets you graph the equation and then move the special
graphics cursor directly to the region of the equation that contains the
desired solution. (See “Analyzing Functions” on page 18-25 for more
information.)

Advantages of Advantages of
HP Solve Application Plot Application
m You can easily store values for |m You can see if an equation has
the known variables and solve multiple solutions or local
for the unknown, and you can extrema.

easily change which variable is

the unknown m You can direct the application

to a specific solution simply by
m You can review the values of moving a cursor, rather than by
the variables in the equation. entering numeric guesses.

m You can use unit objects
requiring automatic unit
conversion.
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Using the HP Solve Application with Unit
Objects

The current equation and any of its variables may contain unit
objects. The SOLVR menu processes unit objects automatically.

To use units with the SOLVR menu:

m To store a value with units in a variable, enter the unit object, then
press the variable menu key.

m To change a variable’s value and keep its old units, enter the number
only, then press the variable menu key.

m To solve for a variable:
1. Enter one or more guesses with the desired units, then press the

variable menu key.

2. Press (4q) and the variable menu key to find the solution.

Keep these guidelines in mind:

m Before solving, all variables must contain a consistent set of units—
including the unknown variable. For example, if the equation is
=EsT! and you’ve stored 2_riin X and Z_= in 7', you must
enter a guess for Y with the dimensions length-time. The solution
is automatically converted to the units specified in the guess. If you
enter a guess of 1_ft.<ur, the solution will have units of ¥+ ..

m If you're entering a list of two or three guesses, one of the guesses
must have the appropriate units. (If more than one guess has units,
the units of the last guess and only the number parts of the other
guesses are used.)

m If the equation you’re solving uses or calculates temperature
difference (as opposed to actual temperature level), use K or "R
(not °C or °F). For temperature conversion, use the UNITS catalog
menu.

Note Because the SOLVR menu allows you to change the
number portion of a unit object without affecting
%J the unit, you must purge variables containing unit
objects before using them in equations requiring

numbers only.
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Example: Use the equation C' = Q/V to calculate the capacitance C
when @ = 8.9 x 10~% coulombs and V = 57 volts.

(This example assumes that variables C, @, and V do not exist in the
current directory.)

Enter and name the equation, then select the SOLVR menu.

S CAP: 'C=0-Y'
(e (SoLvE -
OCE®Q@V HEH 1
CAP (ENTER 2
E; _:.: Ex!l! Fx 1=
N I O = O

Enter the known values, then store them.

ST (D

5 (€506 ()
@)EoWE)

|'\-': 5.V

Store a guess in farads, then solve for the unknown.

()(ASTMENU)1: E Zero
@[LAST MENU] Lo T

e
1: C F 1.561468358877E-7

| T | I [~ I | |
Now change the problem: Solve for V in millivolts for C = 22
picofarads and @ = 1.7 x 1071 coulombs. Store the new value of Q—
you don’t need to append the unit. Store C with its new unit.

1.7 10 ¢A)! C: Z2_pF l
2 @0 pF
Store a guess for V in millivolts and solve for the unknown.
1 (@) mV Zera
i
2t L= 1.56148358877E-..
1: Uz 7027, 27272026 mi
L o I v IEEEC L |
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Customizing the SOLVR Menu

You can customize the SOLVR menu—so you can specify and solve

equations and perform other calculator operations without leaving the
SOLVR menu:

m Specify the equation to solve.
m Define which equation variables appear in the menu and their order.

m Include other objects in the menu that you can execute.

To create a customized SOLVR menu:

1. Enter a solver-list (with £ * delimiters) in level 1. (The content of
the list is described below.)

2. Press ()(SOLVE) _, enter a name, and press (ENTER).

The equation in the list becomes the current equation. The syntax of
the solver-list is

equation + key-definitions *
where

equation Specifies the equation. It can be an equation or
expression (with ' delimiters), a program object
(with % » delimiters), or the name of an equation,
expression, or program.

key-definitions  Specifies the menu keys—each entry defines one
key. Each entry can be either a variable name (with
SOLVR behavior) or other type of object (with CST
behavior). (To include a program that you can
execute, either enter its name in the key-definition as
a sublist of the form © *label® % name # % or enter
the program object itself in the key-definition.)

The CST behavior for various object types in the key-definition list is
described under “Creating a Custom Menu” on page 15-1.
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To include a custom SOLVR menu in the Equation Catalog:

m Enter the solver-list, then use  HEE to name it.
or
m Store the solver-list in a variable whose name ends 1n Ef.

The Equation Catalog includes all algebraic objects and all variables
whose name ends in EG. . HEW automatically adds . EG to the name
when the level 1 object is a list or program.

Example: The equation I = 272f2pva’calculates the intensity of a
sound wave. Suppose you always calculate the value of p and store
it in the corresponding variable prior to using this equation, and so
would like to suppress p from the SOLVR menu.

The solver-list

I=S¥p 28f " Z¥pEuxa™2 £ 1 §F u a

when stored in FQ, creates this SOLVR menu for the equation

I -

and suppresses p from the menu. To save this solver-list in the

equation catalog, store it in a variable ending in EQ, for example,
LEQ.

Example: Suppose you want the IP command available in the
SOLVR menu so that you can store integer values in the variables in
the SOLVR menu. The following solver-list list amends the solver-list
in the previous example to include two additional keys: a blank key
and a key that executes IP (integer part).

'I=2%n2ef 2epruxa™2' LI Ff wa L 3 IP I 7

The list, when stored in EQ, creates this menu of variables and
functions:
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Solving Two or More Equations

You may often work with two or more related equations—for example,
equations with common variables. Putting several equations in a list
lets you share known and solved values among those equations—and
easily change the equation you’re solving.

To create a list of two or more equations:

1. Press (q)(SOLVE) ©HT or (»)(ALGEBRA) to get the Equation
Catalog.

2. Press (¥) and (A) to move the pointer to an equation you want to
include.

3. Press Ei# to add the equation to the list. (If necessary, press
() E@+ toremove the last entry from the list.)

4. Repeat steps 2 and 3 for each equation you want to include.

5. Press 2L ¥E to begin solving the first equation in the list.

Each time you press E&i+ | a list containing the selected equations is
displayed and updated in the status area.

When you press ZiiL 4F, the list is stored in £ and the SOLVR
menu for the first equation in the list is displayed, with the additional
key HEER |

If the current equation is a list of equations, the equations are
“linked” —you can easily switch the SOLVR menu from one equation
to another.

To begin solving the next equation:

m Press

The equation names rotate in the list, moving the second name to the
beginning of the list—and the variables for that equation appear in
the SOLVR menu.

Example: Create the two equations: 'L=J{R"Z+H"Z' and
P=rxR2%H-3'. Use HEM  to name them LCONE and VCONE
respectively, and to store them in the Equation Catalog. Then put
the two equations in a list and find the radius of a right circular cone
whose height is 10 meters and whose slant height is 25 meters. Then
find its volume.
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(This example assumes that variables L, R, H, and V do not exist in
the current directory. If you used V in the circuit example on page
17-14 and you’re now in the same directory, you’ll need to purge V.)

Key in and store the first equation.

(®)(CLR) Cur‘rel_'utleq at}\o s
(«)(EQUATION) I.Er'-:DHE' L=T¢{R™2+H"22
LEEE WO el
RED2B@H ()2 7
(®GOWE) HEW LCONE EnTER)  [:

ROOT | WEW [EDE: [STEG ] CAT |
Key in and store the second equation.

(x)(EQUATION) Current equation:

V®E)E) @)@ ) XII:UHE= 'V=mER~2EHA3!

RD2B®HEES
HEH VCONE

[ZOLVE] ROOT | WEM [EDEG [STEG ] CAT |
Put the two equations in a list and start solving VCONE. Press (A) or
(V) as required to position the cursor at equation VCONE.

_ERL. T YCONE ¥
(@) or (W) if necessary) PVCONE: ' V=T*R-2%H 3
e LOOME: 'L=J(R"~Z+H"2)"
CAP: 'C=0-Y’

ELEC: 'M=IxR'
'w.-'SEIUND = J"L'“.'*R*TKM
[PLOTR[ZOLYR] Ei+ | EDNT [T ] VIEL |

Move the cursor to LCONE and execute : Eii+

{ VCOME LCOME X

VCOME: 'V=mxR"2*H-3'
BLCONE: ‘'L={C(R™2+H"2"
CAP: 'C=0Q-Yy!
ELEC: 'V=I*R'
VSOUMD:  "w=TC%RET <M.,
[PLOTR[SOLUE] ECt+ | EDNT [#5TH] VIEK |

Start solving the linked equations.

YCOME: 'V=mxR~2xH-3' '

[ | | T [P | NHE: ||
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Display the menu of variables for LCONE. Then supply values for the
known variables and solve for the unknown radius.

Zero

7
3

1 R: Z2.91287/84748
| TR | [ = | IO | 4 2
Switch to the menu of variables for VCONE. You can solve directly

for the volume since the radius and height are already stored in their
variables.

Zero

a:

2; R: #2.9178784748
1: V: 5497.7871438
| I | 3 T [ = | WHE |

Simply storing a list of equations in £@ doesn’t name the list. If you
don’t name the list, the list is lost if you later change FQ.  HE#
adds . Ef to the name so the list is included in the Equation Catalog.

To name a list of equations currently in EQ:

1. Press (&)(SOLVE) () ZTE&E (the RCEQ command) to recall the
list to level 1.
2. Press i HEll  to name the list.

To create and name a list of equations:

1. Press ()(SOLVE) . £#1T  or (i»)(ALGEBRA) to get the Equation
Catalog.

Use  Eii+  to add the desired equations to the list.
Z1E  to copy the list onto the stack.

Press to leave the Equation Catalog.

Press (&q)(SOLVE) HEM to name the list.

BA ol
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Finding the Solution of a Program

The HP Solve application accepts a program as the current
equation. Using a program as the current equation is useful when
the relationship between variables can’t be written symbolically. The
solution is a value of the unknown variable for which the program
returns a value of zero.

To design a program for the HP Solve application:

m The program must take nothing from the stack.
m The program must return only one result.

Example: The UTPC (upper tail chi-square distribution) command
in the MTH PROB menu calculates the probability that a chi-square
random variable with n degrees of freedom is greater than x. The
relationship 1s

UTP = UTPC(n, x?)
where UTP is the unknown variable.

However, the UTPC command can’t be included in a symbolic
equation. But the relationship can be rewritten as an expression that
should equal 0:

UTP — UTPC(n, x?)
This program computes the value of the expression:
# UTF W CHIZ UTPC - &

Use this program to calculate the upper tail probability (UTP) for
CHI2 = 6.2 and N = 5. Then calculate x? to a significance of 0.1
(UTP = 0.1) for 5 degrees of freedom.

Enter the program.

)(CLR) 1: « UTP N CHIZ UTPC -
(«)(») UTP N CHI2 »
-lE: UTF": @ UTPF [UTPH | UTPT -—
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Name the program and make it the current equation. Note that
HEM automatically prompts you with . Ef since the object is a
program.

@EOEE) HEW
CHI

Display the SOLVR menu and store the known Values. Then calcu]ate
the upper tail probability.

UTP: .287/241683426
[T [ Y [T [ = O | |

Now store the significance in variable UTP and solve for CHI2.

: 287741683426
: 9.23635689977
TS0 T TR = |

How the HP Solve Application Works

Pressing a left-shifted menu key in the SOLVR menu activates the
numeric root-finder, which seeks a solution iteratively. Starting with
the guesses you’ve stored in the variable, or the guesses that the
calculator itself provides, it generates pairs of intermediate guesses
until a solution is found. The HP 48 displays Saluwing for ...
while the root-finder is executing.

In searching for a solution, the root-finder seeks a value of

the unknown for which the value of the expression equals 0.
(Equations are treated internally as expressions of the form

' left-side—right-side ' ) First, the root-finder searches for two points
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where the expression’s value has opposite signs. When it finds a sign
reversal, the root-finder tries to narrow the search region until it finds
a point where the expression’s value is 0.

How the Root-Finder Uses Initial Guesses

You can enter one, two, or three values as guesses. Two or three
values are entered as a list.

m One value. The number is converted to two values by copying the
number and adding a small perturbation to one copy.

m Two values. The numbers identify a region where the search will
begin. If the two guesses yield expression values with opposite
signs, the root-finder usually finds a root between the two numbers
rapidly. If the two guesses yield expression values with the same
sign, the search generally takes longer.

m Three values. The first number should be your best guess for the
root. The second and third numbers are used as two values, above.

Halting the Root-Finder

To halt the root-finder:

m Press (ATTN).

The HP Solve application returns a list containing three values: the
best value found so far plus two values that identify the region that
was being searched.

To restart the root-finder:

1. Put a list of three values in level 1:
m To restart from where it left off, use the list left by the
root-finder.
m To restart in a different region, enter a different list.
2. Press the menu key for the unknown variable to store the list.
3. Press (&) and the menu key for the unknown variable.
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Displaying Intermediate Guesses

While the HP 48 is displaying the S = f o1 message, pressing
any key except displays pairs of intermediate guesses and the
sign of the values of the expression for each guess. If the expression is
undefined at the guess, 7 is shown.

9338555745 o i
1319711,43 } <—— Intermediate
guesses

=200 p 4 |

g L ve Il T I s IEETEI ]

Watching the intermediate guesses can give you information about
the root-finder’s progress—whether the root-finder has found a sign
reversal (the guesses have opposite signs), or if it is converging on a
local minimum or maximum (the guesses have the same signs), or if it
is not converging at all. In the latter case, you may want to halt the
root finder and restart with a new guess.

How the Menu of Variables Is Created

The menu of variables contains a label for each variable in the current
equation. If the variable does not already exist, it is created and
added to the current directory when you store a value in it.

If a variable in the current equation contains an algebraic object (or a
name or program), the variable itself is not included in the menu of
variables. Instead, the variables in the algebraic object are used.

For example, if the current equation is *¥ ~*, and B contains the

expression '[+THHIEX ' the menu of variables is:
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Note that for equations that contain a where clause (see “The |
(Where) Function” on page 22-25) or an integral, summation, or
derivative, the placeholder variable appears in the SOLVR menu. For
example, the SOLVR menu for the equation

1
A+B—/ 2XdX =0
0

will contain a key labeled |
placeholder variable.

i However, you cannot solve for this
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Basic Plotting and Function Analysis

The Plot application lets you draw graphs of one
or more functions in various formats, calculate
roots and other parameters, plot statistical data
in various formats, and embellish plots with
additional elements.

To plot a mathematical function by hand you would use the following
general procedure:

1. Write down the function you want to plot.

2. Select the independent variable, for example z, in the function.
Then determine the range of z-values to plot and the number of
(evenly spaced) sample points. From this information, draw an
appropriately scaled z-axis. Then draw an appropriately scaled
y-axis based on your estimates of the function’s value over the
plotted interval.

3. For every value of z, calculate the value of the function f(z), and
plot the corresponding point (z, f(z)).

4. Draw a smooth curve through the points.

When you use the Plot application, you follow a similar procedure, as
you’ll see in this chapter.

This chapter covers basic plotting and analysis of mathematical
functions—how to specify the current equation, how to specify plot
parameters, and how to analyze function plots. (All examples in this
chapter use the FUNCTION plot type.)
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Chapter 19, “More about Plotting and Graphics Objects,” builds on
these concepts, giving information about other plot operations and
about graphics objects.

The Structure of the Plot Application

You can use the Plot application to plot functions represented by
equations (or by expressions or programs). The Plot application
contains special data elements that parallel the elements of the
procedure described above:

m Reserved variable £Q) contains the equation you want to plot. The
equation in F'Q is called the current equation. Note that FQ is also
used by the HP Solve application to build the SOLVR menu.

m Reserved variable PPAR contains specifications for the independent
variable, the display and plotting ranges, the number of sample
points in the plotting range, and the axes.

m PICT, a part of HP 48 memory, is analogous to the piece of paper
on which the plot is drawn.

These data elements are tied to two menus and a special environment:

m The PLOT menu is used for the selection or modification of the
current equation. The PLOT menu is also used to specify the plot
type, which determines how the HP 48 interprets the equation. For
example, the equation may represent a conic section—in this case,
the appropriate plot type is CONIC.

m The PLOTR menu is used to specify the contents of PPAR and to
draw the plot.

m The Graphics environment is used to view the graph, analyze the
mathematical behavior of the plot, and add graphical elements to it.

In general, you use these steps to plot an equation with the Plot
application:

1. Use the PLOT menu to store the equation in F@ and, if necessary,
to specify the plot type.

2. Use the PLOTR menu to set the appropriate plot parameters.
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3. Draw the graph.

4. Use the operations in the Graphics environment to obtain data
from the graph or add graphical elements to it.

The PLOT menu:

[«3] [PLOT]—> View the current equation. If needed,
specify a new current equation or

select the Equation Catalog.
T _BTYPE
T
The PTYPE menu: o
PLOTR Specify the plot type.
The Equation Catalog: |
Make an existing equation <l
the current equation.
l/ _PLOTR
Y '
[F*] [PLOT|—> | The PLOTR menu:
Specify the plot parameters
and draw the plot.

\L DRAW or @ AUTO

(=) [GRAPH]——> | g Graphics environment:

Analyze plotted functions
and add graphical elements
to the plot.

In the Graphics environment, the display shows the contents of PICT,
and the keyboard is redefined to execute graphics operations. When
the HP 48 finishes a plot, it automatically puts you in the Graphics
environment. If you switch back to the stack display, PICT persists—
you can reenter the Graphics environment at any time to view PICT.

In the Graphics environment you do not have access to the stack.
However, function analysis operations in the Graphics environment
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return their results to the stack. In addition, all or parts of PICT
can be copied to the stack as an object called a graphics object.
Commands in the PRG DSPL menu let you work with graphics
objects on the stack and let you move a graphics object back into
PICT.

Using Equations, Expressions, and Programs

The HP 48 can plot an equation, expression, or program:

m Equation. An equation is an algebraic object containing = (for
example, 'A+E=C").

m Expression. An expression is an algebraic object not containing =
(for example, 'A+E+C").

m Program. A program to be plotted must return one real number.

Throughout this chapter, unless otherwise stated, the term “equation”
refers to all objects used to create plots: equations, expressions,
programs, and lists of equations, expressions, and programs.

You can also plot statistical data—see “Plotting Statistical Data” on
page 21-13.

Specifying the Current Equation and Plot Type

The current equation is the equation you last solved or plotted. It’s
stored in reserved variable £Q. You change the current equation each
time you solve or plot a different equation.

To check the current equation and plot type:

m Press (&)(PLOT)

A two-line status message gives the current equation and the plot
type—or, if there’s no current equation, it gives instructions for
entering a new equation. In addition, the PLOT menu is displayed.

18-4 Basic Plotting and Function Analysis



Plot type message
|

PTot tupe: FUNCTION <&

P1: 2¥K"2-18%K+1.| <« Current equation

4: o

3 tagged with its name
%:

<—— PLOT menu

Changing the Current Equation and Plot Type

How to specify the current equation and use the Equation Catalog is
covered in detail in “Specifying the Current Equation” on page 17-3.
Only certain instructions are repeated below.

To enter and name a new current equation:

1. Enter the equation in level 1. You can type it in the command line
or use the EquationWriter application.

2. Press (&@)(PLOT) HEH .
3. Without pressing (a), key in a name for the equation and press

(ENTER).

To change the piot type:

1. Press (@)(PLOT)

2. Press |
3. Press a menu key to select one of the eight plot types.

You can also change the plot type during the next stage, when you’re
setting the plot parameters using the PLOTR menu.

To select and plot an equation from the Equation Catalog:

1. Press (&)(PLOT)

2. Press (A) and (¥) to move the pointer to the desired entry in the
list.

3. To make the equation the cur
and drawing the plot), press |

t equation (and to start setting up
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Example: Set the current equation to the expression
x3 — 222 — 10z 4 10 and the plot type to FUNCTION.

Key in the expression using the EquationWriter application.

@ED
() EQUATION) X (7] 3 () (2 5 _ 2
2X09)20) @ B -2 -18W+1680
10X 10
LT3 | T TR [ P = | |
Store the equation as the current equation.
{ HOME } FRa
(Q)(PLOT) HEH Hame the eEuat ion,
press ENTE
+
L [ [ [ [

The HP 48 prompts you to enter a variable name and activates
the alpha keyboard. Enter the name P1. Then set the plot type to
FUNCTION if necessary.

P @D
(BTYFRE FI f necessary) —ZEATZ-1B%K+ L.

Plot type: FUNCTION
FERETE

4z

3z

o

1:

PLOTE[FTYPE| MEW EDEG [STEG | CHT |
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Summary of PLOT Menu Operations

The PLOT Menu

Key Programmable Description
Command

QoD
FLOTE Selects the PLOTR menu for
specifying the plot parameters in
PPAR and for drawing the plot.
BElqvRE Displays the PTYPE menu for

specifying the plot type.

BER Takes an equation from level 1,
prompts for a variable name, stores
the equation in that variable, and
makes the equation in that variable
the current equation.

Places the current equation in the
command line for editing. Press

to store the changes in the

variable and make the edited version

the current equation—or press
to discard the changes.

BIER STEQ Stores the level 1 equation as the
current equation.
RCEQ Recalls the current equation to level 1.
, Selects the Equation Catalog.
() (REVIEW) Redisplays the “current equation”

status message.
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18

Setting Plot Parameters and Drawing the Plot

When you plot the current equation, you first set up the plot by
specifying the independent variable and scaling, then draw the plot.
You normally do this using the PLOTR menu.

To begin setting up the plot:

m Press FLiiTE in the PLOT menu or Equation Catalog.

or
m Press ()(PLOT) at any time.

In the Equation Catalog,
selected equation in the list.

The PLOTR menu display includes a status message describing:

m The plot type (discussed under “Choosing Plot Types” on page
19-12).

m The current plot data—either the current equation or the current
statistical data—if there is any.

m The independent variable and, if specified, the plotting range
(discussed under “Using Plotting Range instead of Display Range”
on page 19-1).

m The display ranges in the horizontal and vertical directions. In this
message, x always indicates the horizontal direction, and 4 always
indicates the vertical direction.

Plot type message

Plot t all
!nde;z:lenden; |,;.13 eEe T < Curent squation
variable — ndep: '’ tagged with its name
i 6.5 6.3 | %
PLOTR ys -3.1 3.2 \'\
R 1[4 | UTD [FNGG [N G [INLER] X- and y-axis

display ranges
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Specifying the Independent Variable

For function, polar, and parametric plots, the only variable name
you have to specify is for the independent variable. If the current
independent variable isn’t the one you need, you can change it. The
default independent variable is X .

To change the independent variable:

1. Enter the variable name (with ' delimiters).

2. Press 1HEEE in the PLOTR menu.

The role of the independent variable in building function plots is
discussed in more detail under “How DRAW Plots Points” on page
18-17.

Example: If you want to plot 'Z=4%T7"Z+& ", you must specify
the new independent variable 7. In the PLOTR menu, press (") T
THEEF.

Setting the Display Ranges or Scaling

You can define the ranges of values represented by the plotting area in
either of two ways:

= Display ranges. This lets you directly set the extreme limits of the
plotting area.

m Scales and center. This lets you directly set the intervals represented
by the tick marks along the axes and the coordinates located at the
center of the plot.

Regardless of which method you use, your specifications are shown in
the PLOTR menu display as display ranges, and they’re stored in
PPAR as display ranges.

To set one or both display rang

m To change the horizontal range, enter the two limits for the z-axis

(press or to separate the numbers), then press
#EHE in the PLOTR menu.
m To change the vertical range, enter the two limits for the y-axis

(press or to separate the numbers), then press
YEHG in the PLOTR menu.
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The horizontal and vertical display ranges are the ranges of values
represented by the plotting area PICT. If the current display ranges
aren’t the ones you need, you can change them. The default display
range along the z-axis is —6.5 to 6.5 units, and along the y-axis is
—3.1 to 3.2 units.

You may not have to specify the vertical display range—the y-axis
display range is computed for you if you plot the graph with
automatic scaling (using the AUTO command described later).

Example: Specify a display range along the z-axis from —10 to 40
units. In the PLOTR menu, press 10 40 “EREHL

To set the scales or center:

m To set the scales, enter the z-axis tick interval, press or
(ENTER), enter the y-axis tick interval, and press ZLHLE in the
PLOTR menu.

m To set the center, enter the (z,y) coordinates as a complex number
(press () = m y), then press iT in the PLOTR menu.

The scales of the z- and y-axes represent the number of units per tick
mark along the axes. You can use SCALE if you want the axes tick
marks to represent meaningful values (such as integer values) or if you
want equal scaling for the two axes. The default z and y scales are 1
and 1.

The center point of the display is specified by a complex number
representing its coordinates. You can use CENTR if you want to see a
certain region of the graph. The default center is (0,0).

Example: Make each z-axis tick mark represent 2 units and each
y-axis tick mark represent 5 units. Make coordinates (40,50) be
located in the center of the display. Press 2 5 ZLHLE and

CHI@EL 50 EEHT .

Resetting Plotting Parameters

You can reset all plotting parameters except the plot type to their
default values. (This also erases the plotting area PICT and restores
its default size.)
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To reset plotting parameters:
in the PLOTR menu.

m Press

Drawing the Graph

After you've set the plotting parameters, you’re ready to draw the
graph. You can draw it in either of two ways:

= Autoscaling the y-Axis. This lets you draw a graph when you’re not
sure of the appropriate y-axis display range. The vertical display
range is determined by sampling the equation across the z-axis
display range.

m Specifying the y-Axis. This lets you preserve the vertical range or
scaling you’ve specified.

To draw the graph with autoscaling:

in the PLOTR menu.

m Press

For function plots, AUTO evaluates the equation at 40 values spaced
equally across the range of the independent variable, computes the
vertical display range, and draws the graph (using DRAW). AUTO
also erases the previous plot in PICT.

To draw the graph with the specified range:

DRAW is faster than AUTO because it doesn’t sample the equation.

Example: Plotting with AUTO. Plot the previous equation P using
autoscaling and the default plot parameters. (The independent
variable is X, which is the default name.)

Get the PLOT menu and make sure you’re using equation P1.

ELOTE FTot tupe: FUNCTION
®©EeD PIf ' WRBCRRAD ] BEN4L,
Indep"T'
Wi 27 53
ys 4.5 bb

[ERAZE| DFAK | RUTD [HEWS [VEHG |INDEF |
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Reset the plot parameters and draw the graph using the default plot
parameters.

(NXT)EEZET (not EEEZ ) //
QERE) AUTH ]
| [2-E0:[ CEWT [ 00RU[LHEEL] FCN

Press to return to the stack display.

Example: Plotting with AUTO. Use autoscaling to plot the equation
z

x2—6_1

Key in the equation using the EquationWriter application. Name it
P2.

(@ EEToN)
XRX@:20
Qi®O!

(e)(PLOT
KEW P2 (ENTER [PLOTE[PTPE[ MEK |EDE [STER | CAT |

= ws ms = [

—M -

Get the PLOTR menu and reset the plotting parameters.

PLOTR (NXT) REBET Plot tupe: FUNCTION
P2f ' H2C R Rog)-1"
Indep: '¥!
¢ -6.5 6
EE -3.1 3.2
[UEPN [PTYPE] RS |CENT [SCHLEIRESET

Draw the graph using autoscaling. (The vertical lines in the plot
represent the connecting of points at discontinuities in the function—
see the next topic, “Choosing Connected or Disconnected Plotting.”)

(«x)(PREV) HLITO |IL HL
o] —

|Ean\m:lm]nmJ
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Press (&)(REVIEW) to check the PLOTR menu status message to see

the newly computed y-axis display range. (Hold the key
down to keep displaying the message).

@ EEEW) (hold)

0 e

=1C

x~1

Cr‘- -ng
M

.2 6.2
':l--5 447368 2.42105%%

2000 [3-E0:] CENT [COORE]LAEEL] FCM |

Press to return to the stack display.

Example: Plotting with DRAW and Ranges. Plot the equation
y = sin(z). Use a display range of —5 to 5 along the z-axis and —1.1
to 1.1 along the y-axis.

Select Radians mode, key in the equation, and store it directly into
EQ without naming it.

(\)(RAD) if necessary) FTot tuper FURCTION
@Y@E}_X Thdept 51
(B)(LoT) =TEX " -6.5 6.5
FLOTR y:-5.447368 2.4218526
[EFfZE[F AL [AUTD [REN[ VRN [INGER |
Set the display ranges.
5 o HREHG Flot tupef PUNCTION
1111 TREHE IndEP' iy
i -a a
ys -1.1 1.1
[EFAZE] A AUTD | HENG] (RN INDEF]
Erase PICT and draw the graph.
ERFASE DRAW —\ /\
(200 [2-E D[ CENT [CO0B[LAEEL] FCN |

Press (\))(RAD) to return to the stack display and select
Degrees mode.
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Example: Plotting with DRAW and Scales. Plot the equation
y = 2z. To make the slope (2) “look” correct, specify equal scaling for
both axes, and put the origin (0,0) at the center of the display.

Key in the equation and store it directly into £@Q without naming it.
Select the PLOTR menu and specify the center and scale. For the
scale, specify b units per tick mark. (Note how the display ranges are
recomputed after you execute SCALE.)

@Y@E)?@X PTot Fope: FUNCTION
(Q)EOD ETE Trdept B0
EiR G -32.5 32,5
@@OWO Y -15.5 16
5 GPQ) 5 SCALE
[LEPH [PTVPE] REZ [CENT |SCALE[REZET]

Draw the graph.

IEIEIMEHIIEEEIIi

Press to return to the stack display.

Choosing Connected or Disconnected Plotting

Initially, DRAW connects successive computed points with straight
line segments. The connections are made regardless of the relative
positions of the plotted points. This may be graphically undesirable,
such as for a function with a discontinuity. (An earlier example in this
section plots a function with multiple discontinuities, and connects
each point.)

To change the “connect” plotting option:

1. Press ($)(MODES) (NXD).

2. Press i Him or ©fHET .

The connect option is not controlled by a plot parameter—it’s
controlled by a system flag, flag —31, which is initially clear. ZHis
indicates plotted points are connected (flag —31 clear).
indicates points are not connected (flag —31 set).
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Summary of Basic PLOTR Menu Operations

The PLOTR menu contains the basic commands for setting the plot
parameters and for drawing the plot. Other PLOTR menu operations
are described under “Refining Plots” on page 19-1.

The PLOTR Menu—Basic Plotting Operations

Key Programmable Description
Command
(S)(FLOD) PLOTR or (3)(ALGEBRA) FLOTE:
ERHEE ERASE Erases PICT, leaving a blank PICT of

the same size.

DRAW Draws the plot using the z- and y-axis
ranges. DRAW does not erase
PICT—the plot is added to any
previous contents of PICT. When
executed from a program, DRAW does
not include axes in the graph.

(@) EEHM executes STEQ.

() LEFH executes RCEQ.)

AUTO Draws the graph using the z-axis
range, and autoscales the y-axis. Any
previous plot in PICT is erased.
When executed from a program,
AUTO only autoscales the y-axis—it
does not draw a graph.

XRNG Sets the display range of the
horizontal axis using two real-number
arguments—xmm and Zmax.

() 2EHG recalls the current z-axis
display range.)
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The PLOTR Menu—Basic Plotting Operations (continued)

Key

Programmable
Command

Description

TREHG

THRER

RESET

@EVED)

YRNG

INDEP

CENTR

SCALE

Sets the display range of the vertical
axis using two real-number
arguments—ymin and Ymax-

() iEHE recalls the current y-axis
display range.

Sets the name in level 1 as the
independent variable. INDEP can also
specify the plotting range for the
independent variable (see “Using
Plotting Range instead of Display
Range” on page 19-1). () IHEEF
recalls the current independent
variable, and its plotting range if
specified.)

Selects the PTYPE menu for changing
the plot type.

Takes a complex number (z,y) and
makes it the center coordinate of the
display. ((») CEHT recalls the
current center coordinate.)

Takes two real-number arguments.
The first argument sets the z-scale in
units per 10 pixels. The second
argument sets the y-scale.

HLE returns the z- and

Resets all plot parameters except the
plot type to their default states and
erases PICT, restoring it to its default
size (131 pixels wide by 64 pixels
high).

Redisplays the plot parameters.

18-16 Basic Plotting and Function Analysis




How DRAW Plots Points

In this section, it’s necessary to reassert the normal distinction
between equations, expressions, and programs. For function plots,
DRAW treats expressions and programs the same way—but it plots
equations according to their structure and the setting of flag —30, as
shown below.

Contents of EQ Example Graph
' expression ' PoE!
+
' name=ezpression ' Ty=gest Flag —30 clear:

/

30 set:

X}
+:

ANAINLEIN

Fot

' expression=ezpression

i)
e
#*

# program ¥

=
/
/

DRAW evaluates each expression it plots for a series of values of the
independent variable along the z-axis range. This generates a series of
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points (z, f(z)). The number of values of the independent variable for
which the expression is evaluated depends on the resolution (discussed
in “Specifying Resolution” on page 19-3).

For function plots, the currently specified dependent variable
is ignored. Coordinates of plotted points are generated simply
by evaluating the current equation for a series of values of the
independent variable.

Plotting Two or More Equations

You can plot two or more equations with a single execution of
i by putting the equations in a list.

To create a list of two or more equations:

1. Press (|@)(PLOT) ©LHT or ()(ALGEBRA) to get the Equation

Catalog.
2. Press (¥) and (A) to move the pointer to an equation you want to
include.

- to add the equation to the list. (If necessary, press
to remove the last entry from the list.)

4. Repeat steps 2 and 3 for each equation you want to include.

TE to begin setting up the plot for the equations.

Each time you press + | a list containing the selected equatlons 18
displayed and updated in the status area. When you press F B
the unnamed list is stored in FQ.

To plot a list of equations:

1. Set up the plot parameters using the PLOTR menu.

2. Draw the plot:
m To use autoscaling based on the ﬁrst equatlon press |
m To use the specified scaling, press |

Simply storing a list of equations in £Q doesn’t name the list. If you
don’t name the list, the list is lost if you later change £Q. HEL
adds . E# to the name so the list is included in the Equation Catalog.
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To name a list of equations currently in EQ:
1. Press (|)(PLOT) () (the RCEQ command) to recall the

list to level 1

to name the list.

To create and name a list of equations:

1. Press (&)(PLOT) _ or ()(ALGEBRA) to get the Equation

to add the desired equations to the list.
to copy the list onto the stack.

St N

Press o leave the Equation Catalog.
Press (&)(PLOT)  H to name the list.

Working in the Graphics Environment

After you execute [iEF ., the HP 48 enters the Graphics
environment. The dlsplay shows PICT and the GRAPHICS menu.

The Graphics environment, like the Equation Catalog, is a special
environment where the keyboard is redefined and limited to specific
operations. You have access only to the GRAPHICS menu and its
submenus.

To activate the Graphics environment:

n the PLOTR menu to plot and view the
resultlng graph.

or
m Press ()(GRAPH) (the GRAPH command) at any time.
or

m Press (€} if no command line is present.

To exit the Graphics environment:

m Press (ATTN).

When you exit the Graphics environment, PICT persists—at
any time, you can press (|9)(GRAPH) to return to the Graphics
environment to view PICT.

Basic Plotting and Function Analysis 18-19



Basic Operations in the Graphics Environment

Key

Description

@ CEED)

®
@
O

3

@3]

Displays the coordinates of the cursor position,
replacing the menu keys. Press any menu key to
redisplay the menu labels.

Adds axis labels to PICT.

Sets the mark. If no mark exists, creates the mark at
the cursor. If the mark exists at another location,
moves the mark to the cursor location. If the mark
exists at the cursor location, erases the mark. (All
operations that require a mark create a mark at the
cursor location if no mark exists.)

Switches the cursor style. In the default state

( #-= ), the cursor is always dark. In the alternate
state ( +-~# ), the cursor is dark on a light
background and light on a dark background.

Erases the GRAPHICS menu keys, revealing more of
the graph. Press (=) or any menu key to restore the
GRAPHICS menu.

Moves the graphics cursor in the indicated direction.
When prefixed with (), moves the cursor to the edge
of the display. If the cursor is at the edge of the display
and if PICT is larger than the display, prefixing with
(») moves the cursor to the edge of PICT.

Selects scrolling mode. In scrolling mode, the menu
keys are erased, and, if PICT is larger than the
display, pressing the cursor keys scrolls the display
window over PICT in the indicated direction. Press

(\2)(GRAPH) again to return to the normal Graphics

environment behavior.

Puts the coordinates of the cursor position on the
stack.

Sets the mark (same as ).

Switches the cursor coordinate display on and off.

Switches the menu keys on and off.
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Basic Operations in the Graphics Environment (continued)

Key Description

STO Copies PICT to the stack.

(«)(REVIEW) | Temporarily displays the PLOTR menu status
message. If you hold the key down, the status

message stays until you release it.

(®)(CLR) |Erases PICT.
Exits the Graphics environment.

Invokes scrolling t e J

mode

Copies PICT D L_) (—7 Q @ Erases rec-

to the stack ~ tangular region
GRAPH |4 REVIEW ¥ defined by

L) @ D @ @ @ mark and cursor
cvargesien | () () () () (2

coordinates on <
the stack ——I> _ENTER | (/-] (] ey (] Erases PICT

Switches /—J[/S [ ] [ ] [ ] Sets mark

cursor style [ j[ ][ ][x]<__i

| Switches

> JC J¢ ][‘]T—menulabels

Exits Graphics on and off

environment —9@ [ ] [ ] [ ] [ + ] J€—|

Switches cursor
coordinates on
and off
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Working with the Plot

You can do these types of operations in the Graphics environment:

m Zoom in or out to change the view of the plot—see the next topic
below.

m Do function analysis to get mathematical data from the plot—see
“Analyzing Functions” on page 18-25.

m Add graphical elements to the plot-see “Adding Graphical Elements
to PICT” on page 19-22.)

Using Zoom Operations

The zoom operations in the Graphics environment let you look at a
particular region of the plot in more detail (by zooming in) or look at
more of the plot than is currently displayed (by zooming out).

To plot a different region without rescaling:

1. Press (A) (V) (€) (®) to move the cursor to the point you want
located at the center of the display.
2. Press LEH

To zoom by rescaling the axes:

1. Press & _in the GRAPHICS menu.
2. Specify the scaling:
m To rescale the z-axis and automatically rescale the y-axis, press

, enter the z zoom factor, and press (ENTER).

m To rescale only the z-axis, press: ¥ | enter the z zoom factor,
and press (ENTER).
m To rescale only the y-axis, press | % | enter the y zoom factor,
and press (ENTER).
m To rescale the z- and y-axes, press| % |, enter the one zoom
factor used for both axes, and press (ENTER).
3. Press to return to the GRAPHICS menu.

A zoom factor of 2 zooms out to show twice the axis. A zoom factor
of 0.5 zooms in to show half the axis. The point at the center of the
display stays at the center.
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Example: Identify the number of z-axis intercepts of the expression
2
z© — 9z — 10.

Store the expression in EQ), reset the plot parameters, and draw the
graph using autoscaling.

@x@ugg@)(@lo
((ELom) =1
(NXT) RESET 1
(WXT) (NXT) A

T

(200t [2-E0R[ ZENT [DORD[LAEEL] |
The expression has a second z-axis crossing outside the display range.
Zoom out along the z-axis.

18

PRG
{ HOME }

¥ axis zoom.
Enter value {(zoom out
if *1>, press EMTER

+

L [ [ [ [ |
Zoom out by a factor of 2. Note the second z-axis crossing.
2

L/

|Emnmm|

Press to return to the stack display.

To zoom in on a particular region:
1. Press (&) (Y) (@) () to move the cursor to one corner of the desired

area.
2. Press £ Bl (or HHEE or (X)) to mark the location.
3. Move the cursor:
m To zoom in on an z-y area, move the cursor to the diagonally
opposite corner of the desired area.
m To retain the current y-axis scale, move the cursor horizontally to
the other end of the z range.
m To retain the current z-axis scale, move the cursor vertically to
the other end of the y range.
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4. Press Z=

To zoom in on a particular region with autoscaling:

1. Press (4) (V) () (®) to move the cursor to one end of the desired z
range (the vertical p051tlon is ignored).

2. Press Z-Eiix (or HEEK or (X)) to mark the location.
3. Move the cursor to the other end of the z range.

4. Press (q)i-E

The second example in the next section uses Z
to identify the roots of the equation.

<+ with autoscaling

Example: Plot the earlier equation PI using autoscaling and the
default plot parameters. Then zoom in on an area to show the
behavior near the origin.

Select PI from the Equation Catalog and plot it.

(@) BLSEERA) (V) if necessary) %

[ [2-EOR[ CENT [COORD[YENG [INDER |
Use the cursor keys to move the cursor to the upper-left position
shown below and mark the point.

(é)j (@) (as needed) ’/

| [2-ED:[ CENT [COORD[LAEEL] FCH |

Now move the cursor to the lower-right position.

(») (V) (as needed)

[ |2-E04] CENT |COORD[LAEEL] FIH ||
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Zoom 1n on the area.

T A

(2000 [2-EOR[CENT [COORD]LAEEL] FEN |

Press to return to the stack display.

Analyzing Functions

The GRAPHICS FCN menu lets you analyze the mathematical
behavior of plotted functions. You use the graphics cursor to indicate
the region or point of interest on the graph, then execute the desired
calculation from the menu. You can calculate function values, slopes,
areas under curves, roots, extrema and other critical points, and
intersections of two curves. You can also plot derivatives of plotted
functions.

To do function analysis, the current plot type must be FUNCTION.
In addition, E£Q must contain an equation, expression, or a list of
equations or expressions—it can’t contain a program.

To analyze a plotted function:

1. Press £  in the GRAPHICS menu.

2. Press (A) (V) () () to move the cursor to the point you want to
analyze. (For certain operations, the cursor merely needs to be near
the point.)

3. Press the menu key for the function analysis operation you want.
See the table below.

4. Press E#17T to return to the GRAPHICS menu.

When you perform a function analysis operation, the HP 48 does the
following:

m Moves the cursor to the corresponding point on the function (if that
point is in the display).

m Displays a message in the lower-left corner of the display showing
the result.

m Returns the result to the stack as a tagged object.
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The GRAPHICS FCN Menu

l Description

_ (in the GRAPHICS menu):

Root. Moves the cursor to a root (intersection of the
function and the z-axis) and displays the value of the
root. If the root is not in the display window, briefly
displays the message OFF SCREEEH before displaying
the value of the root.

Intersection. If only one function is plotted, moves the
cursor to a root (same as BT ). If two or more
functions are plotted, moves the cursor to the closest
intersection of two functions and displays the (z,y)
coordinates. If the closest intersection is not in the
display window, briefly displays the message OFF
ZCREEHM before displaying the coordinates of the
intersection.

Slope. Calculates and displays the slope of the function
at the z-value of the cursor, and moves the cursor to
the point on the function where the slope was
calculated.

HEEH Area. Calculates and displays the area beneath the
curve between two z-values defined by the mark and
cursor. (Before you execute this operation, press (x) to
mark one end of the z interval, then move the cursor
to the other end.)

Extremum. Moves the cursor to an extremum (local

minimum or maximum) or other critical point and
displays the (z,y) coordinates. If the closest extremum
or inflection point is not in the display window, briefly
displays the message OFF SCREEH before displaying
the value.

Exit. Exits the GRAPHICS FCN menu back to the
main GRAPHICS menu.

ESIT
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The GRAPHICS FCN Menu (continued)

Key Description

Function Value. Displays the function value at the
current z-value of the cursor, and moves the cursor to
that point on the function curve.

Derivative Plot. Plots the first derivative of the
function and replots the original function. Also adds
the symbolic expression for the first derivative to the
contents of EQ. (If EQ is a list, F' adds the expression
to the front of the list. If EQ is not a list, F'' creates a
list and inserts the expression to the front of the list.)

Next Equation. Rotates the list in £@Q and displays
the equation now at the beginning of the list. (The
second equation is moved to the beginning of the list
and the first equation is moved to the end.)

If you’ve plotted two or more equations by storing a list in EQ (see
“Plotting Two or More Equations” on page 18-18), the function
analysis operations use the first equation in the list, unless otherwise
stated. Press HEE# in the FCN menu to rotate equations within the
list.

Example: An equation for velocity at constant acceleration is
v = vg + apt.

For an initial velocity vg = 10, and a constant acceleration ag = 5,
find the velocity at ¢ = 2 and find the total displacement z between
t = 0 and ¢ = 10. (The displacement is the area under the curve of
velocity vs. time.)

Key in the equation and store it in EQ without naming it. Use the
SOLVE menu because you can easily store values for vy and ag using

the SOLVR menu.

OVEEAIVIAIXET AB: 5
(@EOLE) ETER e
B 0 A 3t
7
(TN T T O = |
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Set the display mode to 2 Fix so that coordinates and function
analysis results are easy to read in the Graphics environment. Then
get the PLOTR menu. To obtain integer values for the z- and y-axis
tick marks, use SCALE to specify 1 unit per z-axis tick mark and

25 units per y-axis tick mark. This enables exact calculations. Use
CENT to specify the plot center at (5,50). Finally, specify T as the
independent variable.

(0)(vODES) 2 FIX Flot tuﬁe FUHCTIDH

(@)(ELoD) D) Trdeps 17

1 (5PC) 25 ECALE _ i?dep —{.sa 11.58@
@@5mT59 gr  -27.58 134,80
®IERV) (DT £ [ERNZE] DRAN | AUTO | SRNG] TN INDEF

Erase PICT, then draw the graph.

,ﬁ/

200 [2-E04] CEMT [0O0RD[LREEL] FCN |
Check the coordinates of the graphics cursor. The z-coordinate (the
value of T') is 5.

COORD (or (@)
/
——
(5.00.50.00)
Hold down (<€) until the displayed z-coordinate is exactly =.%@%. (The

cursor moves slowly when coordinates are displayed.)

(@) (hold down)

(2.00.50.00)
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Press any menu key (or or (2)) to redisplay the menu labels. Then
find the value of the function at T' = 2. The velocity is 20.

_.-F—T"' .

FOH): 20.00

Now calculate the displacement between T' = 0 and T = 10. First,
restore the menu keys. Then move the cursor to the y-axis (7' = 0)
and set the mark.

hold down (@)
>

| O s o

Display the cursor coordinates, move the cursor to the right edge of
the display, then back until its z-coordinate is 10.

>®
then hold dOWIl @ /
L 3 +

-]
(10.00,.20,00)

Redisplay the menu labels, and calculate the area—the displacement.

1/

]
AREA: 350.00

Return to the stack and note that the function value and area have
been returned to the stack as tagged objects.

2 Fiw): 2A.00
1: Area: 35H.HH
[ERHZE[ DFifl4 ] AUTO [WEMIS [ VMG [IMDEP |
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Example: For the expression 3 — 222 — z + 2 find the following:

m The number of real roots.

The value of the leftmost root.

The slope of the expression at the leftmost root.
The value of the expression at the y-axis (z = 0).
The coordinates of the local minimum.

Key in the expression and store it in EQ. Reset the plot parameters,
then draw the graph using autoscaling for the y-axis.

OXF30?2@XE?
X2 _//

@D 4 !
ET
PREV) HEFTEE
) (EREV) 2-E05 LENT [CO0RIILAEEL] PN

The region of interest needs enlargement, so set the mark and cursor
as shown.

% (holds down) __P,_,f/

(») (hold down)

X +

|2-E04[ CENT [CODRD[LAEEL] FCH |
Now zoom-to-box, autoscaling the y-axis. You can now see that there
are three real roots in this region.

S /

Move the cursor near the leftmost root.

(@) (hold down)

-

i [2-E05[CENT [c0ORD{LAEEL] FON ||
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Find the value of the root. The cursor moves to the root and the value
of the root is displayed in the lower left corner.

A

ROOT: -1.00

Calculate the slope of the function at the root. (Press any key to
redisplay the menu labels.) The value you obtain for the slope may
vary slightly from that shown in the following display, depending
on the exact coordinates of the rectangular region you defined

with (&);
Q]

AN

SLOPE: 6.00

Move the cursor to the y-axis (z = 0) and find the value of the
function. The cursor moves to the corresponding point on the
function.

hold d
A/
—

F(X): 2.01

Move the cursor to an z-axis value near the minimum and find the
coordinates of the local minimum.

(h 1d d )
olle A/
gy

EXTRM: (1.55.-0.63)
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Leave the Graphics environment and note that the results have been
returned to the stack as tagged objects.

« HOME 3
4z Root: -1.8H
Jt lope! 6.HH
at Fiwi: 2,81
1: Extrm: (1.355,-8.63)
[EEAZE| DRAL | AUTD [AENG [ VNS [INDEF |

Example: For the expression in the previous example, plot the
derivative of the expression and find the coordinates of the positive z
value where the derivative and the original expression are equal.

Return to the Graphics environment and plot the derivative.

[N T

[CEMT [COOED{LAEEL] FCM |

Move the cursor near the positive intersection and find the
intersection.

®) (hold down)
L

N7

I-3ECT: (1.43.-0.59)

Press (ATTN) (ATTN) (&9)(MODES) « &7t to return to the stack
display and Standard display mode.

More about Function Analysis

Analyzing Difficult Plots

Each of the previous function analysis examples has generated a plot
in which the intersection of the z- and y-axes is visible in the display,
providing you with immediate orientation. However, depending on the
expression and the current display ranges, one or both axes may not
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be visible. In such cases, you can press (49)(REVIEW) to determine
what part of the graph you’re looking at.

For example, suppose you plot a graph with autoscaling and don’t
have an z-axis in your graph. If you press («q)(REVIEW) and see a
y-axis display range from 230 to 410, you know the portion of the
graph you’re currently viewing is above the z-axis.

You can use the following ideas to analyze such functions:

m If you want to better understand the general shape of the function
and its relatlonshlp to the axes, you can zoom out to see more of

i 18 partlculaﬂy suitable for such exploratory

the function.
zooming.

m If you want to identify a particular feature of the function, such as a
root or extremum, you can execute the corresponding operation in
the GRAPHICS FCN menu to return the coordinates of that feature
to the stack. Then leave the Graphics environment and use ZEHT
from the PLOTR menu to bring the feature into view when you
redraw the graph. Analysis of the function’s shape at the feature
may provide insight into the relative position of other features on
the curve. Subsequent zoom operations may then be appropriate.

How the Function Analysis Operations Work

The operations in the GRAPHICS FCN menu are linked to commands
that you can execute outside the Graphics environment. (In this

list, the normal distinction between expressions and equations is
reasserted.)

ROOT Executes ROOT (the numeric root-finder in the HP Solve
application) to find an z-axis intersection. If there are
multiple roots (intersections), the root-finder usually finds
the root closest to the current cursor location. For an
equation, it searches for a root of the expression on the
right side of the equation.

TEELT Executes ROOT. For a single expression or for an
equation whose left side has not been plotted (flag —30
clear), 1 ZELT works just like EGIT . For an equation
whose left and right sides have been plotted (flag —30
set), it finds the nearest intersection of the left and right
sides. For two expressions, it finds the nearest intersection
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of the expressions. For two equations, it finds the nearest
intersection of the right sides.

BlipE Executes J, then evaluates the resultant expression at the
z-value of the cursor.

Executes f , using the z-values defined by the mark and
cursor as limits.

Executes 0, then finds the z-value closest to the cursor
that causes the resultant expression to evaluate to zero.

Figs Evaluates the expression at the z-value defined by the
CUrsor.

Executes J, then puts the resultant expression in a list in
EQ with the original expression, and plots the list.

Summary of Zoom and Function Analysis Operations

Zoom and Function Operations in the Graphics Environment

Description

Displays the GRAPHICS ZOOM menu, which allows
you to rescale and recenter the plot. (See “Using Zoom
Operations” on page 18-22.)

Redraws the graph so the rectangular area whose
opposite corners are defined by the mark and cursor
fills the display. ()%= Eil# redraws the graph so
that the z-range defined by the mark and cursor fills
the display, and autoscales the y-axis. )

CEHT Redraws the graph with the current cursor position at
the center of the display.

Displays the coordinates of the cursor position,
replacing the menu keys. Press any menu key to
redisplay the menu labels.

FLH Displays the GRAPHICS FCN menu for analyzing

function plots. (See “Analyzing Functions” on page
18-25.)
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19

More about Plotting and Graphics
Objects

The previous chapter covered basic plotting
<1 of mathematical functions: the plot type was

1 specified as FUNCTION in all examples, and
a limited set of plot parameters was covered.
This chapter extends the concepts introduced in
chapter 18:

Specifying special options for plots.

Working with plot coordinates.

Changing the size of PICT.

Drawing conic, polar, parametric, truth, and statistical plots.
Plotting programs and user-defined functions.

Plotting with units.

Adding graphical elements to PICT.

Working with graphics objects on the stack.

Refining Plots
You can refine your plots by changing the standard plot setup:

m Plotting a specified part of a display range.
m Specifying special axes labels.
m Specifying a different sampling frequency.

Using Plotting Range instead of Display Range

The plotting range is the range of the independent variable over which
the current equation is evaluated. If you don’t specify the plotting
range, the HP 48 uses the z-axis display range (specified by XRNG) as
the plotting range. However, you can specify a plotting range that’s
different from the z-axis display range:
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m For polar and parametric plots, the independent variable isn’t
related to the z-axis variable—so you specify the plotting range to
control the range of the independent variable.

m For truth and conic plots, you can shorten plotting time by
specifying plotting ranges that are shorter than the z- and y-axis
display ranges. These plot types require you to specify the
dependent variable—you can specify its plotting range different from
the y-axis display range.

To specify a plotting range for a variable:

1. Enter the plotting range:

m To specify only the range, enter the two limits for the range
(press or to separate the numbers).

m To specify the variable name and its plotting range, enter a list
(with £  delimiters) containing the variable name and the two
limits for the range, and press (ENTER).

2. Set the plotting range:

m To set the plotting ra,nge for the independent variable or z-axis
= To set the plottmg range for the dependent Varlable press
4 in the PLOTR menu.

If you use INDEP and DEPND with a list to specify both the
independent or dependent variable and its plotting range, the list has
the form

name lower upper =

Example: Specify the plotting range of the independent variable to
be 0 through +10. Press 0 10 THEER.

Example: Specify the independent variable to be T and its plotting

range to be 0 through +10. Press (@)({3) T (») 0 (SPC) 10 (ENTER)

THEER.

Specifying Axes and Labels

If the axes are in the plotting range, ‘FlITEH and
‘Fill automatically draw them with tick marks placed at 10-pixel
intervals. The axes normally intersect at (0,0).
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You can change the coordinates of the intersection point. You can
label the axes with their names and their extreme numeric values. You
can also specify axis labels that are different from the independent and
dependent variables names.

To specify the intersection point or labels for the axes:

1. Enter the information:
m To specify the intersection point, enter the (z,y) coordinates as a
complex number.
m To specify axis labels, enter a list (with £  delimiters)
containing the string for the z-axis label and the string for the

y-axis label, and press (ENTER).
2. Press F#EZ in the PLOTR menu.

You can specify both the intersection point and labels using a list of
the form

“zays Pz-labelt My-label®

To label the axes using the current AXES data:
m Press L¢ i in the PLOTR menu.

LABEL displays in PICT the names of the independent and
dependent variables (unless you’ve specified labels) and the
coordinates of the end-points of the axes (using the current display
format).

Example Assign the label i to the horizontal axis and the label
_WEZ ¥ to the vertical axis (regardless of the names of the independent
a.nd dependent Varlables) then label the axes. (The AXES list is

" 2, Press @O @D X2 O @D F(x)

Specifying Resolution

You can specify the interval between values of the independent
variable used to generate the plot. A larger resolution gives faster
plots, but decreases the accuracy of the line connecting the points.
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To change the resolution:

m To enter user units, enter a number for the resolution, then press
FEZ  in the PLOTR menu.
m To enter pixels, enter a binary integer (with # delimiter) for the
number of pixels, then press  EE%  in the PLOTR menu.
m To restore the default resolution, enter 0 (or # &), then press
HEZ in the PLOTR menu.

For all plot types, RES uses a real number argument to define the
interval in user units. For FUNCTION, CONIC, and TRUTH plot
types, you can specify the interval in pixels using a binary integer
argument. (For POLAR and PARAMETRIC plot types, a binary
integer argument doesn’t apply.) The resolution interval is also used
for making certain statistical plots. The default intervals for different
plot types are listed below.

Default Resolution Intervals

Plot Type ’ Default Interval
Equation:
FUNCTION 1 pixel (point plotted in every pixel column)
CONIC 1 pixel (point plotted in every pixel column)
TRUTH 1 pixel (point plotted in every pixel column)
POLAR 2°, 2 grads, or w/90 radians

PARAMETRIC | (independent variable range in user units)/130

Statistical Data:

BAR 10 pixels (specifies bar width)
HISTOGRAM |10 pixels (specifies bar width)
SCATTER (not applicable)
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Summary of Plot-Refinement PLOTR Menu Operations

The following commands in the PLOTR menu let you tailor plot
features.

The PLOTR Menu—Plot Refinement Operations

Key Programmable Description
Command
(q)(PLOT) FLETE or ()(ALGEBRA) FLITE:
THOER INDEP Sets the name in level 1 as the

independent variable. INDEP can also
specify the plotting range for the
independent variable. ((®)1
recalls the current independent
variable, and its plotting range if
specified.)

ey DEPND Sets the name in level 1 as the
dependent variable (for conic and
truth plots). DEPND can also specify
the plotting range for the dependent
variable. (((»)  HEEH recalls the
current dependent variable, and its
plotting range if specified.)
RES Sets the plot resolution. ((»)
recalls the current resolution.)

AXES Sets the coordinates of the axes
intersection using the complex-number
argument from level 1. AXES can also
specify axes labels that are different
from INDEP and DEPND.

((®) BHEE returns the current axes
intersection.)
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The PLOTR Menu—Plot Refinement Operations (continued)

Key Programmable Description
Command

DRAX Adds axes to PICT (Not necessary if
i or mUTO from

you execute [
the keyboard.)
LABEL Adds axes labels to PICT.

«H Multiplies the vertical scale by the
level 1 argument n. (Zooms n if
n<l.)

i *W Multiplies the horizontal scale by the
level 1 argument n. (Zooms in if
n<l.)
PDIM Changes the size of PICT.

((®) FLiif returns the size of
PICT.)

(<) (REVIEW) Redisplays the plot parameters.

Understanding the PPAR Variable

The HP 48 uses a built-in plot parameter variable named PPAR

to store the plotting parameters. You normally control the plot
parameters using commands in the PLOTR menu. Because PPAR is
a variable, you can have a different PPAR in every directory. PPAR
contains a list with the following objects:

CZmin: Ymin® “Zmax: Ymax: tndep res azes plype depend =
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Contents of the PPAR List

variable, or a list containing the name
and two real numbers (the vertical
plotting range).

Element Description Default
(Zmin, Ymin) | A complex number representing the (—6.5,—3.1)
coordinates of the lower left corner of
the display range.
(Zmax, Ymax) | A complex number representing the (6.5,3.2)
coordinates of the upper right corner of
the display range.
indep Independent variable. The name of the X
variable, or a list containing the name
and two real numbers (the horizontal
plotting range).
res Resolution. For equations, a real number | 0 (points
or binary integer representing the plotted in
interval between plotted points. For every pixel
statistical data, the meaning varies. column)
azes A complex number representing the (0,0)
coordinates of the axes intersection, or a
list containing the intersection and labels
(strings) for both axes.
ptype Command name specifying the plot type. | FUNCTION
depend Dependent variable. The name of the Y

To reset PPAR to its default:

m Press &

The E

=1 in the PLOTR menu.

I operation resets all parameters in PPAR to their default

statesfexcept the plot type—and erases PICT and restores it to its

default size.
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Using Plot Coordinates

The size of PICT (or any graphics object on the stack), or the
position of a point within it, are expressed in terms of horizontal and
vertical coordinates. There are two unit systems for plot coordinates:

m User-unit coordinates. (Or simply “units”.) Represented by a
complex number, giving the horizontal and vertical coordinates.
They’re interpreted according to the first two parameters in PPAR,
(z'min: ymin) and (l'max> ymax)~ For example, if (zmin; ymin) is (_10a
—10) and (£max, Ymax) is (10, 10), coordinates (—10, 10) represent
the upper-left pixel in the graphics object. (Graphics objects on the

19 stack don’t have user-unit coordinates.)
(-10, 10) (10, 10)
(-10, -10) (10, -10)

m Pixel coordinates. Represented by a list containing two binary
integers, the horizontal and the vertical pixel numbers. For example,
{#0 #0} represents the upper-left pixel.

{#0 #0} {#130 #0}

{#0 #63} {#130 #63}
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To convert a coordinate to the other type:

m To convert user-units to pixels, enter the complex number <z, y

and press (PRG) LEFL TP

m To convert pixels to user-units, enter the list £ #ng #ny * and
press B TR

The conversion uses the current parameters in PPAR.

Coordinate Conversion Commands

Key Programmable Description
Command
(PRG) izEL  (page 2):
Pua PX—C Converts pixel coordinates to user-unit

coordinates. Takes the list argument
L #ny #ny ¥ from level 1 and returns
CTayr.

B C—PX Converts user-unit coordinates to pixel
coordinates. Takes .z sy from level 1
and returns ¢ #ny #n, .

Changing the Size of PICT

You can make PICT larger than its default size (131 by 64 pixels)—
and either keep the same z and y scale factors extended over the new
size, or keep the same z and y display ranges over the new size.

To change the size of PICT:

m To keep the same scaling, enter two complex numbers (with ©
delimiters) specifying the coordinates of diagonally opposite corners
in user-units, then press | _ in the PLOTR menu.

m To keep the same display ranges, enter two binary integers (with #
delimiter) specifying the horizontal and vertical sizes in pixels, then
press B ~ in the PLOTR menu.

The result of the PDIM (PICT dimension) command depends on the
type of coordinates—user-units or pixels—though both forms change
the size of PICT.
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Example: Suppose PICT is currently its default size (#131 wide by
#64 high in pixel units), and the current z-axis display range is —5 to
10 and the y-axis display range is —1 to 2. Assume PICT contains the
graph shown in figure (a) below.

To double the = range of PICT in the horizontal direction and keep
the same scales (units per pixel), enter ©-1f,~1» and ¢Z&. 2 and
press # . (PICT becomes #262 wide by #64 high in pixel
units.) If you redraw the graph, the effect is to add more points to the
graph at both ends, shown in figure (c).

To double the size of PICT in the horizontal direction and the keep
the display ranges the same, enter #z%2 and #&4 and press FL:If .
(The scale of the z-axis in units per pixel is halved.) If you redraw the
graph, the effect is to “stretch” the graph, shown in figure (b).
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{#0 #0} (10,2

(-5, -1) {#130 #63}
@)

{#0 #0}

{#261 #63}
(b)

(20, 2)

(-10, -1)
(©

Changing the Size of PICT
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Choosing Plot Types

The plot type tells the HP 48 how to interpret the current equation
(or the current statistical data for statistical plot types). The PLOT
menu status message indicates the current plot type.

You can choose eight different plot types:

m Equations. FUNCTION, CONIC, POLAR, PARAMETRIC, and
TRUTH.

m Statistical data. SCATTER, HISTOGRAM, and BAR. (See
“Drawing Statistical Plots” on page 19-21.)

To check the current plot type:

m Press (&)(PLOT).

To change the plot type:

1. Press E1 VFE in the PLOT or PLOTR menu.
2. Press a menu key to select one of the eight plot types.
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The PTYPE Menu

Key Programmable Description
Command

SFE (in PLOTR menu):

Equation.

FUNCTION Prepares to plot equations that return
a unique f(z) for each value of z.

: CONIC Prepares to plot conic sections—
circles, ellipses, parabolas, and
hyperbolas.

POLAR Prepares to plot expressions that

return a radius for each value of the
specified polar angle.

PARAMETRIC |Prepares to plot equations that return
a complex result for each value of the
specified independent variable.
TELTH TRUTH Prepares to plot expressions that
return a true (1) or false (0) value for
each pair of z and y values, such as
equations with comparison functions.

Statistical Data.

EFR BAR Prepares to draw a bar chart of the
data from a specified column (XCOL)
of the statistical matrix.
HISTOGRAM | Prepares to draw a frequency
histogram of the data from a specified
column (YCOL) of the statistical
matrix.

b s SCATTER Prepares to plot points from two
columns (XCOL and YCOL) of the

statistical matrix.
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Function Plots

FUNCTION is the default plot type. All the examples in chapter 18
used the FUNCTION plot type.

The FUNCTION Plot Type

Form of Example Points Plotted
Current
Equation
f() -5 420 | (2, ()
y=f(z) y=z?’+z+4 |Flag —30 clear: (z, f(x))
Flag —30 set: (z, f(x)) and (x,y)
flz) = g(x) 2 =22 47 (z, f(z)) and (z, g(x))

Example: Plot the equation 2? = 2z + 7.

Set the plot type to FUNCTION, reset the plotting parameters,
and plot an autoscaled graph. (The z-values at which the two lines
intersect are roots of the equation.)

(B)(PLoT)

LﬁsEL

Press to return to the stack display.

Conic Sections

The equation for a conic section is second degree or less in both z and
y. For example, the following equations are all valid equations for
plotting conic sections:

19-14 More about Plotting and Graphics Objects




2?2 +y?* +42+2y—5=0 (circle)

522 +3y* —18 =10 (ellipse)

2? —4r+3y+2=0 (parabola)
202 —3y> +3y—5=0 (hyperbola)

Note that the variable specified by DEPND is used when the plot type
1s CONIC. Also note that autoscaling may not be useful for conic
sections—you can use CENT and SCALE instead.

Example: Plot the conic section for the equation
24+’ +4x+2y—5=0.

Set the plot type to CONIC, set the plot parameters, and use

and ? to draw a “round” circle.
®)(ELoD) Plot tupe: CONIC
EQ: 'X E+'T"“E+4*H+2*”|’—
OX@2@ N
Y24 X Depnd: 'Y
D20 YED5@E)0 st -13 13
i ic y: -G, ¢ 6.4

(DX 1 g [LEPH [PTVPE| KEZ [CEMT [SCHLE[RESET

@)@Y [
Q)0 GO 0
2(8PC) 2 &

Plot the conic section.

QEED)

2

\\\_‘—'(
(200 [2-E0:[CENT [C00RD]LREEL] FiN_|

Press to return to the stack display.

For conic plots, the HP 48 actually plots the two branches of the conic
section separately. This may introduce one or two discontinuities in
the connected graph, as in the previous example. Specifying a finer
resolution (decreasing the interval between plotted points) helps
eliminate discontinuities (see “Specifying Resolution” on page 19-3).
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Polar Plots
In polar plots, the polar angle is the independent variable—# in this

illustration.
X
r
0" y
The POLAR Plot Type

Form of Example Points Plotted

Current

Equation
f(9) cosf + sinf (f(6),26)
r= f(6) r = 2cosf (f(6), £6)
6 = constant =027 radial line
f(6) = g(9) 4sinf = r? (f(0), £6) and (g(0), £6)

Unless you specify otherwise, the plots are drawn for a full circle of
the independent variable § (0 through 360 degrees, 27 radians, or
400 grads, according to the current angle mode). See “Using Plotting
Range instead of Display Range” on page 19-1.

If you use autoscaling, the HP 48 computes an appropriate z- and
y-axis display range based on the #-range—but the resulting z- and
y-axis scales may differ.

Example: Plot the polar equation r = 2cos(46) for values of § in the
default range 0° through 360°. (This example assumes Degrees mode
is active.)
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Store the equation in POL. (To key in 6, press (@) (p2) F). Select
POLAR plot type, specify the independent variable 8, then draw the
plot using autoscaling.

(«)(RAD) (if necessary)
©(ELoT)

OR@E2®ED @0
HEW POL

FTYFE FOLAR

(200 [2-E04] CENT [CO0RD[LAEEL] FEN |

BUTo

Press to return to the stack display.

In this example, autoscaling generates different z- and y-axis scales,
compressing the plot in the vertical direction.

Parametric Plots

In parametric equations, two dependent variables (typically z and
y), represented by the horizontal and vertical axes, are expressed as
functions of an independent variable (typically ?).

For example, these parametric equations define z and y in terms of
the independent variable ¢:

=1t —1t and y=1>— 3t

To plot a parametric equation, the equation or program must return
a complex result giving the coordinates (z,y). You must also specify
the plotting range for the independent variable—it’s unrelated to the
z-axis display range. See “Using Plotting Range instead of Display
Range” on page 19-1.

To plot the equations shown above, you can write them as an
expression that returns the complex result x + yi:

PTA R T+ %E T E-2%T

If you use autoscaling, the HP 48 computes an appropriate z- and
y-axis display range based on the plotting range of the independent
variable.
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Example: Plot the equations shown above for values of ¢ in the range
—3 through +3.

Store the expression shown above in PAR. (To key in the complex

number i, press (@) () I.)

OTEH2T
1IXEOQTEDS3
3T
PAR (ENTER] :

(FuTEn) PLOTR|PTVPE[ MEW [EDER [STEG | CAT |

Set the plot type to PARAMETRIC, specify the independent variable
and its plotting range, and draw the graph using autoscaling.

t¥pe= POLAR
TH2-T+i#(T"3-3%.,

@O T O3
3 THEER

LT

|2-E04[ CENT |CO0RD]LAEEL] FCH |

Press to return to the stack display.

Truth (Relational) Plots

Truth plots evaluate expressions that return true (any nonzero real
number) or false (0) results. At the coordinates for each pixel, the
pixel is turned on if the expression is true—it’s unchanged if the
expression is false.

The variable you specify using DEPND defines the (independent)
variable for the vertical axis.

Unless otherwise specified, every pixel in the display is evaluated. You
can speed up the plot by specifying a smaller z and y plotting range.
See “Using Plotting Range instead of Display Range” on page 19-1.

Example: Draw a truth plot for the expression '« IS¢ AHD
Y¥>SIMOE? 'over the z-axis display range —7 to 7/2 radians and
y-axis display range of —1.5 to 1.5. To shorten the plotting time,
specify smaller plotting ranges.
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Select Radians mode, and store the expression in EQ. (To type <

press (o) (¢) 2. To type , press (@) (2) 2.) Set the plot type to
TRUTH.

(SEAD) (if necessary) e TRUTH

Y < (Cos) X EG: EEDS(H)HHD Y51,
D £ ..@x q.=
TEET | HBHD 2:
Y > (Em) X 3
1:

PLOTE|PTYPE| NEK |EDE® [ZTER | CHT |

Specify the display ranges—use —1.5 to 1.5 for the y-axis. Specify the
horizontal and vertical variables, and limit their plotting ranges: —2.4

to .85 for X, and —1.1 to 1.2 for Y.

e Ea® t?EnscmeD Y351
) @ CA) (@) Enm) deps £ oo a GNP L2
_) EREHE epn - .
(ENTER) 2 () (F/=) HEHI pemenis ¥ 11158 3
15mm15 : wi-3. 141?9% 1. 5?8??5%
X-SPC 24."‘/—- -SPC .85 y:

@-Ymnmmw
(ENTER) (XD DEPH

Draw the plot. (This takes several minutes.)

(@ERE) ERAsE

{200t [2-E02[ CENT [COORDLHEEL] FCH ||

Press (\1)(RAD) to return to the stack display and Degrees
mode.
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Plotting Programs and User-Defined Functions

You can plot more than just expressions and equations—you can also
plot programs. And your expressions, equations, and programs can
include user-defined functions.

You can plot a program if it takes nothing from the stack, uses
the independent variable in the program, and returns exactly one
untagged number to the stack:

m Real result. Equivalent to the expressions f(z) (type FUNCTION)
and r(6) (type POLAR). For example, the program

Forwdi@' THEM 'S#M S-45#M 2+356' ELSE 1008 EHDw

(323 — 4522+ 350 if ¢ < 10
fz)= {1000 if 2 > 10

m Complex result. Equivalent to (z(t), y(t)) (type PARAMETRIC).
For example, the program
PEOE-E MUM T E-2 L HUM BT o
plots the parametric equations
r=1>-2 and y=1t>-2t+1

To plot a program, store the program or its name in EQ. Note that
you can’t use the operations in the GRAPHICS FCN menu with plots
of programs.

To plot a user-defined function, include it in an expression, equation,
or program. For example, if you’ve created the COT (cotangent)
user-defined function, you can plot the expression 'COTox ' where X
is the independent variable.
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Plotting with Units

You can plot equations that contain unit objects if you observe these
restrictions:

m If the independent variable requires units for £Q to evaluate
properly, you must store a unit object in the independent variable
before plotting. (The number part of the unit object you store is
ignored during plotting.)

m If evaluation of FQ returns a unit object, only the scalar part of the
unit object is used for plotting.

Note that no automatic conversions are performed on the plotted
values. If the desired units for the z- or y-axis is 1 (meters), values
are not converted to meters if the value has units of ¥+ (feet).

Drawing Statistical Plots

You can use two different applications to plot statistical data (data
you’ve accumulated in the statistics variable X DAT):

m Statistics application. This is the simplest way to plot statistical
data. It’s explained in “Plotting Statistical Data” on page 21-13.

m Plot application. This lets you control more of the plot parameters.
It’s explained below.

Plots of statistical data are similar to plots of mathematical data,
except that:

m The data comes from the reserved variable Y DAT, rather than from
EQ.

m Instead of specifying independent and dependent variables in PPAR,
you specify analogous columns of statistical data in the reserved

variable Y PAR.
m The plot type is specified as BAR, HISTOGRAM, or SCATTER.

To plot statistical data from the Plot application:
1. Change the plot type to BAR, HISTOGRAM, or SCATTER.

More about Plotting and Graphics Objects 19-21



2. Specify appropriate plot parameters. (Press ()(STAT) to find the
Wil and %0l commands for specifying the z and y columns
of IDAT.)
3. Press [iE

i or HLITH to plot the graph.
When you specify a statistical plot type in the Plot application:

m The status message in the PLOT menu changes to show you the
contents of ¥ DAT, rather than FQ. The plot data comes from
Y DAT.

m The status message in the PLOTR menu changes to show you the
contents of Y DAT, the columns in X DAT corresponding to the z-
and y-axes, and the currently specified statistical model.

m The independent and dependent variables correspond to the column
numbers specified in ¥ PAR, rather than variable names specified in
PPAR.

The Plot application lets you specify plot parameters for statistical
plots that aren’t available to you in the Statistics application, such as

m RES lets you specify the number of bins in a histogram plot.

m CENTR and SCALE let you specify, for a scatter plot, display
ranges that are larger than the range of plotted points.

m AXES lets you specify labels for the axes in a bar plot.

Adding Graphical Elements to PICT

You can add graphical elements to PIC'T using interactive operations
in the Graphics environment and using commands.

Adding Elements Using the Graphics Environment

To add graphical elements interactively:

1. View the Graphics environment.
2. Use the GRAPHICS menu to add the element:
m For elements that use a mark, move the cursor to the first point,
press (x) or [ to mark it, move the cursor to the second
point, then press the menu key for the operation.
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m For other elements, press the menu key for the operation.

Graphical Element Operations in the Graphics Environment

Description

Turns line-drawing on and off. While turned on, pixels
beneath the cursor are turned on as you move the
cursor across the display. While line-drawing is active,
Dt +m 1s displayed.

T Turns line-erase on and off. While turned on, pixels
beneath the cursor are turned off as you move the
cursor across the display. While line-erase is active,
LIHE Draws a line between the mark and the cursor, and
moves the mark to the cursor.

TLIHE | Toggles pixels on and off along a line between the mark
and cursor. Does not move the mark to the cursor.

BOE Draws a rectangular box using the mark and cursor as
opposite corners.

CIRCL Draws circle centered at the mark with radius defined
by the mark and cursor.

MARE Sets the mark. If no mark exists, creates the mark at
the cursor. If the mark exists at another location,
moves the mark to the cursor location. If the mark
exists at the cursor location, erases the mark. (All
operations requiring a mark create a mark at the
cursor location if no mark exists.)

LEL Erases the rectangular region whose opposite corners
are defined by the mark and cursor.

(@) (CLR) |Clears PICT.
) Sets the mark (same as FARE ).

DEL Erases a rectangle, same as  [iEL
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Example: Erase PICT, then use [iiT+# to draw a horizontal line
from the center halfway toward the left edge.

@) (PLOT) ERASE

@ @xD) ooTs
(€ (hold down)

LIWE [TLIME| EDH [CIRCL]

Turn off line-drawing. Then use TL IHE to draw a vertical line from
the current cursor position halfway to the top edge. (The first TL THE
just sets the mark.)

BT ee

TLIHE
(&) (hold down) l

HE

oo+ [ 00T- [LINE [TLIME] EOH [CIRCL]|
Toggle the line off.

TLIHE

LIME JTLINE| EDY CIRCL]

Press to return to the stack display.
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Adding Elements Using Commands

You can use commands to add graphical elements to PICT—either
from the keyboard or in programs.

To add graphical elements using commands:

1. Enter the coordinates or other arguments required by the
command.
2. Press the menu key for the command.

You can supply coordinate arguments in either user-unit form z sy
or pixel form { #ny #ny I

Graphical Element Commands

Key Programmable Description
Command

(pages 1 and 2):

LINE Draws a line in PICT between the
coordinates in levels 2 and 1.
TETHE TLINE Same as LINE except that pixels along

the line are toggled on or off, rather
than turned on.

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

ARC Draws an arc in PICT centered at a

coordinate (in level 4) with a given
radius (in level 3) counterclockwise from
61 (in level 2) to 62 (in level 1). (The
coordinate and radius must both use
user-units or pixels.)

PIXON Turns on the pixel in PICT specified in

level 1.

FIElE PIXOFF Turns off the pixel in PICT specified in
level 1.
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Graphical Element Commands (continued)

Key Programmable Description
Command

TR PIX? Returns 1 if the pixel specified in level 1
is on; returns & if the pixel is off.

Br=l PX—-C Converts a pixel coordinate
£ #ny #ny ¥ to a user-unit coordinate
CTayYr.

B C—PX Converts a user-unit coordinate 7z sy

to a pixel coordinate £ #ny #n, .

Working with Graphics Objects on the Stack

You can put graphics objects on the stack and store them in
variables—just as you can with other types of objects. On the stack, a
graphics object is displayed as

Graphic n = m
where n and m are the width and height in pixels.

When you put a graphics object from the stack into the command
line, it’s displayed as

GROE nom h

where GROE is the delimiter, n and m are the width and height in
pixels, and A is the pixel pattern represented as hexadecimal digits
(0-9 and A-F).

You can work with graphical elements using operations in the
Graphics environment and using commands.

Using Stack Operations in the Graphics Environment

The following operations in the Graphics environment take a graphics
object from the stack or return a graphics object to the stack. These
operations aren’t programmable.

19-26 More about Plotting and Graphics Objects



Stack Operations in the Graphics Environment

Key Description

Superimposes the graphics object from level 1 on
PICT. The upper left corner of the graphics object is
positioned at the cursor.

Puts on the stack the rectangular graphics object
whose opposite corners are defined by the mark and
cursor.

STO Copies PICT to the stack as a graphics object.

Using Stack Commands for Graphics Objects

You can use commands to work with graphics objects and control the
display—either from the keyboard or in programs.

To work with graphics objects on the stack:

1. Recall the graphics object or enter other arguments required by the
command.
2. Press the menu key for the command.

You can supply coordinate arguments in either user-unit form <z, y3
or pixel form £ #n, #ny .
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Graphics Object Commands

Key Programmable
Command

Description

Lo

PVIEW

SIZE

SR —GROB

BLAH BLANK

aliE GOR

LElE GXOR

(PICT view.) Displays PICT with the
specified coordinate (level 1) at the
upper left corner of the graphics
display. If the argument is an empty
list, displays PICT centered in the
display with scrolling mode activated.

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

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

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

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

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

Programmable
Command

Description

o
rm
0

Sl

TEAT

REPL

SUB

—LCD

LCD—

FREEZE

TEXT

(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.
(Subset.) Extracts a portion of a
graphics object and returns it to the
stack. It takes three arguments—a
graphics object (level 3) and two
coordinates (levels 2 and 1) that define
the diagonal corners of the rectangle to
be extracted.

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

(LCD to stack.) Returns a graphics
object to level 1 representing the
current stack display.

“Freezes” one or more of three display
areas so that they’re not updated until
a key press. (See “Using DISP
FREEZE HALT...CONT for Input” on
page 29-4.) Used with PVIEW in a
program so that PICT persists in the
stack display until a key press.

Displays the stack display.

Example: Program PIE on page 31-40 uses ARC and LINE to draw
a pie chart. It then recalls PICT to the stack and executes GOR to
merge a label with each slice of the pie chart.

Example: Program WALK on page 31-47 uses a custom graphical
image in a program, executing GXOR in a loop structure to animate

the image.
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Using Stack Commands with PICT

You can use the name FIZT as an argument to several graphics
objects commands described above. For example, the SUB command
accepts PICT as an argument, letting you define a region of PICT
to return to the stack as a graphics object. This is the stack related
equivalent of the  ZlIE operation in the Graphics environment.

To put the name PICT on the stack:

m Press Ee B

The PICT command puts the name FIZT on the stack so you can
access the PICT graphics object as if it were stored in a variable.
To work with PICT on the stack:

m To recall the PICT graphics object to the stack, press
BEFL RICT (2)RCD)

m To store the graphics object in level 1 as the PIC'T graphics object,
press BERL RBILT (STO)
m To purge the contents of PICT, press LERL Bioay

(@ (FURsD).
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The HP 48 has extensive capabilities for
entering and manipulating arrays. Array objects
represent both vectors and matrices. A vector

i1s a one-dimensional array. A matriz is a
two-dimensional array.

This chapter covers these topics:

Using the MatrixWriter application to enter and edit arrays.
Using the command line to enter arrays.

Doing arithmetic operations with arrays.

Working with complex-number arrays.

Two-element and three-element vectors are particularly useful in
engineering—they’re covered in chapter 12, “Vectors.”

Displaying Arrays

A matrix appears on the stack as numbers within nested [ 1
delimiters. A pair of [ I delimiters enclose the entire matrix—
additional pairs enclose each row in the matrix. For example, here’s a
3 x 3 matrix as it appears on the stack:

]

]
[ T e Bl |
DU S

Tl

DO ]

=
Dix

11

Arrays 20-1



A vector (or column vector, mathematically equivalent to a
one-column matrix) appears on the stack as numbers within one level
of [ 1 delimiters. For example, here’s a 4-element vector as it appears
on the stack:

[ 12

4 1

The less-frequent row vector (a one-row matrix) appears on the
stack as numbers within two pairs of [ 1 delimiters. For example,

P

[L 1224 11ishow a4-element row vector appears on the stack.

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 12-1.

Entering Arrays

You can enter an array two ways, as described in this chapter:

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

s Command line. The basic object-entry method.

Using the MatrixWriter Application

The MatrixWriter application provides a special environment for
entering, viewing, and editing arrays. The display shows array
elements in individual cells arranged in rows and columns.

Columns

Matrix sizeg —>

Rows T~ Caell cursor

Cell > —1
coordinate — -

EOIT [WEC m[£HID [ 11D
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To enter a matrix using the MatrixWriter application:
1. Press (p»)(MATRIX) to display the MatrixWriter screen and menu.

2. For each number in the first row, enter the number and press
(ENTER).

Press (V) to mark the end of the first row.

4. For each number in the rest of the matrix, enter the number and

press (ENTER),
5. After you’ve entered all of the numbers in the matrix, press

to put the matrix on the stack.

w

While you’re entering a number, the cell coordinate is replaced by the
command line. When you press to store the value in the cell,
the cell cursor normally advances to the next cell.

When you press (V) 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.

If 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, enters data into a cell. When a cell coordinate
is displayed, enters the entire matrix onto the stack.

To enter a vector using the MatrixWriter application:

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

2. For each number in the vector, enter the number and press (ENTER).

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

For a vector, you normally use only the first row of data—so you don’t
need to press (V).

To have more flexibility during data entry:

m To enter numbers into more than one cell at a time, press to
separate the numbers, then press to enter them all.

m To compute elements in the command line as you enter them, enter
arguments and press command keys as required (press to
separate arguments), then press to compute the value and
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put it in the cell. The commands aren’t executed until you press

(ENTER).

m To make the displayed cells narrower or wider, press =

Example: To enter 2.2% in a cell, press 2.2 4 (ENTER).

Example: Enter the matrix

2 -2 0
1 0 3
-3 5 1

Select the MatrixWriter application.

@ @EER)

EDIT | VEC u] 1JID [ 1ID+

Key in the first element (cell 1-1).
2

EDIT [ NEC m[£HID [ IID*

Enter the value into the cell.

EONT [ VEC m[£1ID [0+

Enter the rest of the first row.
2 0

EDIT [ WEC m[£HID [ID+
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Use (¥) to end the first row. Then, enter rest of the matrix.
\J)

1 (spC) 0 (sPC) 3 (SPC)
3 (SPC) 5 (SPC) 1 (ENTER)

EDIT | VE- m| £ 1410 [0+

Enter the matrix onto the stack. (This matrix is used in a later
example.)

(ENTER) 1: [[2-28]
[183]
[ 35111

[ERAZE[ DRAL [ AUTD [ KM [YRMIS[INDEP

Using the Command Line

To enter a matrix using the command line:

1. Press (&q)([1) and (&)1 to type the delimiters for the matrix and
for the first row.

2. Key in the first row. Press to separate the elements.

Press () to move the cursor past the 1 row delimiter.

4. Optional: Press (()(«<=2) (carriage return) to start a new row in the
display.

5. Key in the rest of the matrix. You don’t need £ I delimiters for
subsequent rows—they’re added automatically later.

6. Press (ENTER).

b

To enter a vector using the command line:

1. Press (@)1 to type the delimiters for the vector.
2. Key in the vector elements. Press to separate the elements.
3. Press (ENTER).

Example: Use the command lint to enter the matrix

2 21
1 0 4
3 5 2
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Key in the delimiters and the first row.

@O @) 2 (5P9) 2 (5 1 [[2 2 14]
[EF:A3E| DRk [ AUTD [HEMG[VENS [INDER
Move the cursor past the first 1 and key in the remaining values.
®) @) 1 (5Pc) 0 (SrC) 4 [[2 2 1]
@) 3 EFY 5 5 2 184

3 0 24

[EEAZE[ DRAL [ AUTD [ RN [YEMGG |INDEP |
Enter the matrix onto the stack.

Viewing and Editing Arrays

To view an array using the MatrixWriter application:

1. View the array:
m If the array is in level 1, press ().
m If the array is stored in a variable, put the variable name in

level 1 and press ()(¥).
2. Press to return to the stack.

To edit an array you’re viewing with the MatrixWriter application:
1. Press (€) () (&) (¥) to move the cell cursor. (Use with () to move

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

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

and return to the stack.

To view or edit an array using the command line:

1. View the array:
m If the array is in level 1, press («q)(EDIT).

m If the array is stored in a variable, put the variable name in

level 1 and press ()(VISIT).
2. Optional: Make changes.
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3. Press (ENTER) to save any changes (or press (ATTN) to discard

changes) and return to the stack.

Operations in the MatrixWriter Environment

Key

Description

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

For one-row arrays, toggles between vector entry and
matrix entry. If this key is “on” ( ), one-row
arrays are entered into the command line as vectors
(example: [ 12 3]). If it’s “of” (& one-row
arrays are entered as matrices (example: [[1 2 3 ]]).

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

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

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

Inserts a row of zeros at the current cursor position.
(To insert a row at the bottom, see below.)

Deletes the current row.

Inserts a column of zeros at the current cursor position.
(To insert a column at the far right, see below.)

Deletes the current column.
Copies the current cell to level 1 of the stack.
Activates the Interactive Stack.

If both  Hiis

cursor doesn’t

and | Gitg  are off (no = in either menu label), the
advance after an entry is made.

To add a column to the right of the last column, move the cursor to
that column and enter a value. The rest of the column is filled with
zeros. Use a similar procedure to add a row to the bottom.
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Example: Change the matrix entered in the second previous example

2 =2 0 2 -2 4 0
from 1 0 3 to 1 0 1 3.1
-3 51 -3 5 3 1
If the matrix is on the stack, bring it into level 1—otherwise, enter

the matrix into level 1. Then view the matrix in the MatrixWriter
environment. (This example assumes Gli+s is active.)

(¢) (or enter the matrix)

A

-1: 2
[ EDIT | WEC [«MID [KID0s [ 50+ u] 504 |
Edit element 2-3:

VE®
ECIT () .1 (ENTER)

-1: -3
[E0IT [ VEC [£hI0 [ii0s 50 ] GO+ |
Insert a new column in front of column 3, and move the cell cursor to
the top of the new column.

™)) oL M@

Set top-to-bottom entry mode. Fill in the new column.

NXT) . G
4 (sPC) 1 (sPC) 3 (ENTER)

-4: @
EDIT | WEC [£HID [IID+

20-8 Arrays



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

L+ (ENTER

1: [[ 2-248]
[ 1681311
[ -3531]1]
ER 3[R i [ RUTD [RNIG [ VRNS [INDEP

Calculating with Arrays

You can put arrays on the stack and perform mathematical operations
on those arrays. The following tables summarize basic operations you
can use. Other operations are listed under “More Matrix Commands”
on page 20-16.

Arithmetic Operations for Vectors

Key Programmable Description
Command

+ Addition and Subtraction. Adds or

=) — subtracts two vectors that have the
same number of elements. If either
vector contains complex elements, the
resulting vector is complex.

) * Multiplication and Division. Multiplies

or divides a vector by a real or complex
number.

HELTRE:

BT DOT Dot Product. Returns the dot product
of two vectors with the same number of
elements.

CROSS Cross Product. Returns the cross
product of two vectors with the same
number of elements.

HES ABS Length. Returns the length or

magnitude of a vector. (Also in MTH
PARTS menu.)
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For examples of using DOT, CROSS, and ABS with vectors, see
“Calculating with 2D and 3D Vectors” on page 12-8.

Arithmetic Operations for Matrices

Key Programmable Description
Command
INV Inverse. Calculates the inverse of a
square matrix.
+ Addition and Subtraction. Adds or
=) - subtracts two matrices that have the
same dimensions.
) * Scalar Multiplication and Division.
&) / Multiplies or divides each element in the

array by a real or complex number. For
division, the scalar must be in level 1.

Matrix Multiplication. Returns the
product of the two arrays. The number
of columns in the level 2 matrix must
equal the number of rows in the level 1
matrix.

®

Example: Calculate the inverse of the matrix

i

Enter the matrix—use the command line.

B0 Q[ ! (EES) 2 1= [[12]

1 (SPC) 4 (ENTER) [ 14 1]
®) 1 5P 4 (ENTER) [ERAZE[DRAL | AUTO [HEWS [ YRR [INDER]
Calculate the inverse.
1: [[ 2 -11
[ -.5.5 11
[ERAZE[DRAL | AUTD [HEMS [ YERS [INDER |

Example: Calculate the matrix product
F q [2 2 1 4}
9 3 2 4 2 1
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Enter the first matrix.

) @ETRD)
2 (560) 2 (ENTER) ()

4 (SPC) 1 (SPC) 2 (SPC) 3 (ENTER)

Enter the second matrix.

(@) MATRIX) s [[ 221 [411.
1: c214]

2 (5P9) 2 (SPC) 1 (SPC) 4 (ENTER) (V) [[
3 (3PC) 4 (3PC) 2 (5PC) 1 (ENTER) m:ﬁ:m%mﬁamm

Multiply the matrices.

® 1: [[ 18 12 6 18 ]
[ 11 12617 ]
[ 13 16 8 11 1]
[EFAZE[ DAk [ AUTO [HREHG [VEHG [INDEF]
Arithmetic Operations for a Matrix and a Vector
Key Programmable Description
Command
x) * Matrix-Vector Multiplication. The

number of columns in the matrix (level
2) must equal the number of elements
in the vector (level 1). (The vector is
treated as a column vector.)

) / Vector-Matrix Division. The number of
elements in the vector y (level 2) must
equal the number of columns of the
square matrix X (level 1). Returns the
product X'y, often used to solve a
system of linear equations.

Example: Calculate the product
[2 1 3] F’]
4 2 2 1
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Enter the matrix.

() MATRIX) 1: [[213]

2 (5PC) 1 (PC) 3 (ENTER) (W) [4 27 1]

4 (3PC) 2 (3PC) 2 (ENTER) ERASE] DRAL | AUTO [ARNG /KNG INLEE)
Enter the 1x3 matrix as a vector, then do the multiplication.
@@M3ERA1ERI) 1T X [ 18 16 1]

[ERAE| DFRk | AUTD [HEMG[YEHG]IMDER |

To solve a system of linear equations:

1. Enter the n-element vector of constants.
2. Enter the nxn matrix of coefficients.
3. Press (3) to get the n-element vector of variable values.

The system of linear equations y = Ax must consist of n equations
and n variables. The solution is calculated as x = A~ 'y.

Example: Solve the following system of three linear, independent
equations with three variables:

3z 4+ y+ 2z 13
t+ y—8z =-1
—z 4+ 2y + 5z = 13

Enter the constant vector.

() (VATRIX) 13 (SPC) 1 13 |1: [ 13 -1 13 1]

[ERHZE| DAL ]| AUTO [HENG [ YENG [INDEP |

Enter the coefficient matrix.

() (MATRIX) P [ 13 -1 131

3 (5P9) 1 (8PQ) 2 (ENTER) (V) 1: [[31¢2]1]

1 (EB9) 1 (5P9) 8 () (509 tLLm8

1 (SPC) 2 (SPC) 5 (ENTER) (EFAZE] BERW ] AUTD [ERM3] VEHiG IMDEP |

“Divide” the vector by the matrix.

®) 1: [251]1]
[EFfZE| DAL | RUTO [HEMS ]| VRS [IMDEP]
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The values that satisfy the equations are = 2, y = 5, and z = 1.

Calculating with Complex Arrays

Arrays can contain real numbers or complex numbers—but no other
object types are allowed. A complez array is a vector or matrix that
contains one or more complex-number elements.

You can use complex arrays for the arithmetic operations described
in the previous section. If either argument is a complex array, the
result is a complex array. For example, if you add a real matrix and a
complex matrix, the result is a complex matrix.

20

You can use any command that manipulates real arrays to manipulate
complex arrays—with the exception of the coordinate-mode-dependent
commands (V—, —V2, and —V3). In addition, the commands listed
below operate on complex arrays.
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Commands for Manipulating Complex Arrays

Keys Programmable Description
Command
NEG Returns an array in which each element

is the negative of the argument array.

PRG) [l (page 2):
Eal R—C Combines two arrays into a complex
array. The array in level 2 becomes the
real part—the array in level 1 becomes

the imaginary part.

Lok C—R Returns to levels 2 and 1 two arrays
containing the real and imaginary parts
of a complex array.

FRRETS:

E O CONJ Returns the complex conjugate of a
complex array—each element is
conjugated.

EE RE Returns a real array consisting of the

real parts of a complex array.

i M Returns a real array consisting of the
imaginary parts of a complex array.

Example: Calculate the conjugate of the matrix
1+3: 7
3 2—41
Select the MatrixWriter application and enter the complex numbers.

@) ! (5kS) 3 (ENTER) ¢33 (2.

@O0 GO ! ETER) (M)
3 (ENTER)

@) 2 5PC) 4 (*K) (ENTER) -1:
[EDIT | WEC sl &ML [WID3 | G0% 8] GO |
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Widen the columns to see the full entry.

Wihis qiins

(2s—d5

EOIT [ WEC s 1dID [HID*

Put the matrix onto the stack.

1+ ([ ¢1,3) (8,1) ]
[ (3,8) (2,-4) 1]
[EFfZE[ DRk [ AUTO [HEMG [VEHGG [INDER |
Compute the conjugate.
(MTH) FARTE COHd 1= [[ C1,-3) ¢@,-1) 1
[ (3,8) (&,4) 1]
[ fE: [Z1GH [CONJ [ ARG [ KE [ 1M ]

Calculating with Algebraic Syntax

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 enter an array element in a symbolic expression:

1. Inside the expression, enter the array name and press (&)(())
2. Enter the subscripts for the element:

m For a vector, enter one subscript.

m For a matrix, enter two subscripts separated by («)().

Example: Enter a symbolic expression for the sum of all elements of
a 4-element vector stored in variable VECT.

O @E) @04=Q |1 'Ei=1,4,YECT(i))!
VECT (@) ENTER). (s [ SIGN]CON.I| ki ] E | 14 |
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Example: Enter a symbolic expression for the sum of all elements of
a 2 x b matrix stored in MATR.

(+2) (EQUATION)

PI®IE)20)
EDLE)LIE)50) MATRCJ, k)0
MATR (@) QW k) j

| AES | SIS [COWJ | ARG | RE | 1M |

Press to put the expression on the stack.

More Matrix Commands

Additional commands for creating and manipulating matrices and
accessing individual elements (—ARRY, GET, GETI, OBJ—, PUT,
and PUTI) are covered under “Manipulating Objects” on page 4-12.

The following commands perform other matrix operations. They’re

located in the MTH MATR menu (MTH) HEATE ).

L Example
Command /Description
Input Output
ABS Frobenius (Euclidean) | 1: [Lz 21 iz 4
norm; square root of the [z 211

sums of the squares of
the absolute values of the
elements.
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Command/Description

Output

CNRM Column norm,;
maximum value (over all
columns) of the sums of
the absolute values of all
elements in a column.

(22

(¥ n]

bed hd

hd

ot
ban}

CON Constant; returns a
constant real or complex
array using the dimensions
specified by a list {n} or
{n m} or by an existing
array.

[}

Lo B e |

-

[~
bt B

R {

™
o
] )

-
i
i

-
i

DET Determinant; returns
the determinant of a square
matrix.

[e—

[ S

B [

bed  Eed
nd

un

IDN Identity; returns an
n x n (in level 1) identity
matrix, or replaces the

elements of the matrix in
level 1.

e

[y

[
[ Bl e |

-
Dy I

™1

™1
T
.t

AR

[

et
fd Lo

,.
it
bd  Led

Tk

et

RDM Redimension;
Redimensions an array. The
new dimensions are in a list
in level 1. Elements preserve
the order of the source array.

el

ot

™

[ T s B e |

£ Qi e

g Pl

bed  bd Red

Bd

RNRM Row norm;
maximum value (over
all rows) of the sums of
the absolute values of all
elements in a row.

fote

™
o T e T |

I =

frte

(I 1 I N

DS I SR

bd b Bed
Lad

fote

fa
i

TRN Transpose;
transposition of the
argument; an n X m matrix
is replaced by an m X n
matrix. (Complex entries are
conjugated.)

fote

[}
™

]
O

DL I R

T

bed bed
Led
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CON, IDN, RDM, and TRN allow name arguments in place of the
array argument. For example, evaluating the sequence 'Al' 7 COH
replaces the array stored in A1 with a constant array of the same
dimensions.

Advanced Topics Relating to Matrices

Improving the Accuracy of System Solutions

Because of unavoidable rounding errors during calculation, a
numerically calculated solution Z is usually slightly in error. In most
cases these errors will correspond to less than one count in the 12th
digit of each element of A and B.

When additional accuracy is desired, the computed solution Z can
usually be improved by iterative refinement (also known as residual
corrections). Iterative refinement involves calculating a solution to a
system of equations, then improving its accuracy using the residual
associated with the solution.

To use iterative refinement:

1. Use (3) to calculate a solution to the original system AX = B. (Call
the solution Z, an approximation to X, in error by E =X — Z.)

2. Recall B, A, and Z to the stack (in that order), then use @ F&E
(MTH MATR menu) to calculate the residual R as B — AZ.

3. Use (3) to solve AE = R for E. (Call the solution F, an
approximation to E.)

4. Use to calculate F + Z, a new approximation to X.

For F + Z to be a better approximation to X than is Z, the residual

R = B — AZ must be calculated to extended precision. The function
RSD does this. You can repeat the refinement process, but most of

the improvement occurs in the first refinement.

Example: This user program solves a matrix equation, including one
refinement using RSD:

o BAEEBEASBADPICEER

I = R S
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This program takes two array arguments B and A from the stack,
(the same as /) and returns the result array Z, which will be a refined
approximation to the solution X over that provided by / itself.

Singular Matrices

A singular matrix is a square matrix that doesn’t have an inverse.

You normally get an error if you use to find the inverse of a
singular matrix—or use (3) to solve a system of linear equations having
a singular coefficient matrix.

Because of unavoidable rounding errors, a calculated matrix may be
singular, even though the theoretical result without rounding might
not be singular. If you set flag —22 (Infinite Result Exception),

you won’t get an error if you use or (z) with a singular matrix.
Instead, the HP 48 perturbs the singular matrix by an amount that’s
usually small compared to rounding error. The calculated result
corresponds to that for a nonsingular matrix close to the original,
singular matrix.

Over-Determined and Under-Determined Systems

An under-determined system of linear equations contains more
variables than equations, and the coefficient array has fewer rows than
columns. The following program solves an under-determined system
AX = B using the Moore-Penrose technique: X = AT(AAT)~!'B. The
program requires as input the vector B in level 2 and the matrix A in
level 1.

o

m T m
I — I
e

I =

TRH # » %
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An over-determined system contains fewer variables than equations.
The next program solves an over-determined system using the least
squares method: X = (ATA)~*ATB. Like the previous program, its
input is B in level 2 and A in level 1.

# + B A
# A TRM B
TRH A # »

X
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Statistics

The Statistics application enables you to calculate
single-sample and paired-sample statistics. It also
enables you to draw scatter plots, bar charts, and
frequency histograms.

This chapter shows you how to calculate:

Total, mean, maximum, and minimum.

Sample standard deviation and covariance.

Correlation coefficient.

Curve-fitting with four models (linear, logarithmic, exponential,
power).

m Summary statistics.

m Upper-tail probabilities for various test statistics.

Press (|)(STAT) to display the first page of the STAT menu. If there
is any current statistical data, a message in the display shows the last
values entered.

Organizing Statistical Data

Statistical data for the HP 48 is organized in the form of a matrix.
The matrix contains a row for each date point and a column for each
variable measured at that point.
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Setting Up the Current Statistical Matrix

The Statistics application uses the data stored in the current statistical
matriz. It’s stored in reserved variable X DAT. You change the

current statistical matrix each time you work with a different set of
data. (Because Y DAT is a variable, you can have a different current
statistical matrix for each directory in memory.)

Entering Statistical Data
You can enter statistical data one point at a time, or you can create a

complete matrix of data and make it the current statistical matrix.

To clear the current statistical matrix:

m Press (q)(STAT) ©LE

To key in statistical data with only one variable:

1. Press (&)(STAT).

2. Press to clear previous data.
3. For each point, enter the value and press . =+

To key in statistical data with several variables:

1. Press (&) (STAT).

2. Press to clear previous data.

3. For the first point, create a vector (with [ 1 delimiters) containing
all the variable values for the point. (Press to separate the
values in the vector.)

4. Press: _ to enter the point.
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5. For each remaining point, enter the variable values and press
. You can enter the values for each point as individual
numbers or as a vector.

The first point defines the number of variables. All other data must
have the same number of variables.

To create a matrix and make it the current statistical matrix:

1. Create the matrix and put it in level 1. You can use the
MatrixWriter application, for example.

2. Press (&)(STAT).

3. Store the matrix:
m To store a copy of the matrix for future use, press | HEH | type a

name for it without pressing (a), and press (ENTER).

m To not store a copy, press HTEL .

The matrix itself is stored in the named variable, and the variable
name is stored in X DAT. (If you don’t enter a name, the matrix itself
is stored in ¥ DAT.)

Example: The following table lists the consumer price index (CPI),
producer price index (PPI), and unemployment rate (UR) for the
United States over a 5-year period. Enter the data.

Year CPI PPI UR
1 9.1 9.2 85

2 5.8 4.6 7.7
3 65 6.1 7.0
4 76 7.8 6.0
5 1156 19.3 5.8

Set 2 FIX display mode, start the Statistics application, and clear any
previous statistical data.

(©)(MODES) 2 E I No current data. Enter
@ Bl data point, press EZ+

Key in the data for year 1. Remember—enter the first data point as a
vector.

@)@ 9.1 (5P 9.2 (SPC) 8.5 [9.1 9.7 8.5+
[+ TCL TWEW JEDITE[FT0E | Chr |
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Enter the data into the statistical matrix.

i IEDHT<1>=[ 9.1@ 9.208 8...|
ZDATC22=

Enter the rest of the data. After the first row, you can enter a row as

simple numbers.

5.8 4.6 770
6.5 6.1 7 Sy
7.6 7.8 6 53

11.5 19.3 5.8 EEE

FDHT(S) [ 11.58 19.38...|
ZDATCED

Editing Statistical Data

To revise the last data point:

1. Press(|q) 2+  (the ¥— command) in the STAT menu to delete
the last data point.
2. Optional: To revise the deleted data point and reenter it, press

(«)(EDIT), make the changes, and press (ENTER}—then press
:+ 2y

The ¥ — command removes the last data point in Y DAT, such as from
the most recent X+ operation. The deleted data point is returned to
level 1.

To edit any data point:

1. Press Eli 1 1% in the STAT menu to activate the MatrixWriter
environment.
2. Edit any of the data points.

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

Summary of Data-Entry STAT Menu Operations

The first page of the STAT menu contains keys for entering and
manipulating data. The other pages, described throughout this
chapter, contain commands for doing calculations and drawing graphs.
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The STAT Menu—Data-Entry Operations

Key Programmable Description
Command

Oam)

o Y+ Enters data from the stack into the
current statistical matrix.

() =+ Y- Deletes the last data point from the
statistical matrix and returns it to the
stack.

B CLXY Clears the current statistical matrix.
HER Takes a matrix from level 1, prompts

for a variable name, stores the matrix
in that variable, and makes that
matrix the current statistical matrix.
BT Places the current statistical matrix in
the MatrixWriter environment for
editing. Press to save the
changes, or press to discard

them.
s STOX Stores the matrix or name in level 1 as
the current statistical matrix.
(a3] =it o RCLY Recalls the current statistical matrix
to level 1.
ERT Displays the catalog of matrices and
subdirectories in the current directory.
() (REVIEW) Redisplays the status message relating

to the last data entered.

Using the Statistics Catalog

The Statistics Catalog enables you to specify any existing matrix as
the current matrix. It’s a special environment in which the keyboard
is redefined and limited to specialized operations.
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To select a matrix from the Statistics Catalog:

1. Press (G)(ETAD)

2. Press (&) and (¥) to move the pointer to the desired entry in the
list.

3. To make the matrix the current matrix, press 1 =4WHE,

T —see the table below.

The Statistics Catalog lists all the variables in the current directory
that contain matrices and all subdirectories in the current directory.

Catalog 1 HOME ¥
pointer —> IrFI' dir
t[5x3]
E [2x4]

PLOT [2-UAK] EOIT VIEL

To exit the Statistics Catalog without selecting a matrix:
m Press (ATTN).

You can use the following operations to manipulate the entry you
select.

Operations in the Statistics Catalog

Description

Makes the selected entry the current statistical matrix,
leaves the catalog, and displays page 2 of the STAT
menu (for calculating single-sample statistics).

Makes the selected entry the current statistical matrix,
leaves the catalog, and displays page 3 of the STAT
menu (for plotting data).

Makes the selected entry the current statistical matrix,
leaves the catalog, and displays page 4 of the STAT
menu (for calculating paired-sample statistics).
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Operations in the Statistics Catalog (continued)

Key Description

ElitT | Places the selected entry in the MatrixWriter
environment for editing. Press to save the
changes, or press to discard them.

Copies the matrix to the stack.

Lets you view the contents of the entry. If the entry is
a subdirectory, switches to that subdirectory.

Moves the selected matrix to top of the catalog.
Purges the entry (and its corresponding variable).

Selects the next page of Statistics Catalog operations.

Selects the previous page of Statistics Catalog
operations.

a) Moves the catalog pointer up one level. When prefixed
with (&), moves the catalog pointer up one page

() (PgUp) in the following illustration). When
prefixed with (), moves the catalog pointer to the top

of the catalog ((»)(&) in the illustration).

™ Moves the catalog pointer down one level. When
prefixed with (&), moves the catalog pointer down one

page ((|9)(PgDn) in the following illustration). When
prefixed with (%), moves the catalog pointer to the

bottom of the catalog ((#)(¥) in the illustration).

Executes —STK (copies matrix to stack). If the entry
is a subdirectory, switches to that subdirectory, giving
access to any matrices there.

(®)(UP) |Switches to the parent directory.
(»)(HOME) |Switches to the HOME directory.
Exits the catalog.
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The redefined keyboard looks like this:

s s

S T&x[ﬁg

(LI LA v
Dooo®o
OO0
Executes —STK w——):@ C] D D D
(JCOCICII
I JC I IL

@CIJCIC L
Exits catalog ~——(@ C o ¢

Calculating Single-Variable Statistics

If your statistical data measures a sample of a population, you
calculate sample statistics. If, however, your data measures the entire
population, you calculate population statistics.

Getting Sample Statistics

Use commands in page 2 of the STAT menu to calculate single-sample
statistics. Each command returns a vector containing m numbers,
where m is the number of columns in the matrix. (If m=1, where
each data point consists of only one number, the commands return
one number.) For example, if you have a 3-column matrix in X DAT,
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| returns a 3-element vector containing the mean of each

column.
The STAT Menu—Single-Sample Statistics Commands
Key Programmable Description
Command
(R)(ETAT) (page 2):
Toq TOT Total.
MEAH MEAN Mean (average).
SZhEY SDEV Sample standard deviation.
MAHE MAXY Maximum value.
MINZ MINXE Minimum value.
BINS Calculates frequencies using the
independent-variable column (XCOL) of
Y DAT. Takes as its arguments the
minimum z-value (level 3), the width of
each bin in user units (level 2), and the
number of bins, n (level 1). Returns a
“bins” matrix and an “excess” vector—
see below.
VAR Variance. (Command must be typed.)

The output of BINS is an n x 1 “bins” matrix and a 2-element
“excess” vector:

Level 22 [0 n; 1 Lngd ... [ ny 11
Level 1: [ niow Phigh 1

Example: For the CPI data entered in the previous example,
calculate the means, standard deviations, and totals of the CPI, PPI,
and UR data.

(if necessary)

3: [ 8.18 9.48 7.688 ]
MEFAH %

[ 2.2¢7 5.86 1,14 1]
E 48.58 47.68 35.66

L 10T _[MEANT ZDEV [HART [MINE [ EINE |
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Getting Population Statistics

If you calculate the standard deviation or covariance for your data
using SDEV or COV, it’s computed assuming the data measures

a sample of the population. If, however, the data measures the
entire population, you can use the result to calculate the population
statistics.

To calculate population standard deviation or covariance:

to calculate the mean of the data.

. to add the mean data point to Y DAT.

L% to calculate the population statistics.

to remove the mean data point from Y DAT (the

o

Press ()

X commandj.

Calculating Paired-Sample Statistics

Use commands in pages 3 and 4 of the STAT to compute
paired-sample statistics. When these pages of the STAT menu are
displayed, the status message at the top of the display indicates the
column designations for the independent (z) and dependent (y)
variables and the current statistical model.

Dependent
Independent variable Current
i |

variable - v v mode

Acol:l Yeool:2 Modl:LIN

4:

=H

ot

1:

EARPL{HIZTR [ZCATR]ZLINE
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To calculate paired-sample statistics:

1. Enter the column number for the independent variable and press
BEOL

2. Enter the column number for the dependent variable and press
3. Press HIiilil | then press the menu key for the desired statistical
model.

4. Use commands on page 4 of the STAT menu to calculate
paired-sample statistics—see the listing below. To calculate
predicted values, press: [ F first, then us

You can choose one of four statistical models: : L iH (LINFIT:
linear), ik (LOGFIT: logarithmic),  E#FE  (EXPFIT:
exponential), or | FilE  (PWRFIT: power). If you press
(BESTFIT), the 48 selects the model for which the correlation has
the largest absolute value—or, if any data is negative or zero, LINFIT
is selected.

You can also press
next section.

F1E to draw a scatter plot of the data—see the

The STAT Menu—Paired-Sample Statistics Commands

Key Programmable Description
Command
(9)(STAT) (pages 3 and 4):
 EE XCOL Takes a column number as its argument,

and makes that column the independent
variable. ((») HEZ@L returns the
XCOL column number to level 1.)
YCOL Takes a column number as its argument,
and makes that column the dependent
variable. () 4 eturns the
YCOL column number to level 1.)
YLINE Returns the expression representing the
best fit line according to the current
model.
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The STAT Menu—Paired-Sample Statistics Commands

(continued)

Programmable
Command

Description

PREDE

LR

PREDX

PREDY

CORR

cov

Using the current model, computes the
linear regression for the selected
independent and dependent variables,
and returns the intercept (level 2) and
slope (level 1). Also, stores the
intercept and slope values in X PAR.
Takes as its argument a value for the
dependent variable, and computes a
predicted value for the independent
variable. (You must execute LR some
time before PREDX.)

Takes as its argument a value for the
independent variable, and computes a
predicted value for the dependent
variable. (You must execute LR some
time before PREDY.)

Correlation (computed according to the
current model).

Sample covariance (computed according
to the current model).

Displays the menu for selecting a
model: linear, exponential, power, or

logarithmic. Selection is stored in
Y PAR.

When you execute these operations, the status message (z, y, and

model) is erased. You can press (¢9)(REVIEW) to redisplay it.

Example: Using the CPI data from the previous examples in this
chapter, calculate the correlation and covariance between CPI and

PPI.
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Make sure columns 1 and 2 are the z- and y-variables.

(if necessary) Wcolfl Yocol!Z ModlfLIN

1 =00l 2 @l (if necessary) 3 [ 5,00 9.95 .08
[ 2.77 5.80 1.14 ]
5 46.50 47.88 35.60

1

| o0l | Yool [ERRPLIHIETPSCATR[ZLINE

Calculate the correlation coefficient and covariance.

NXT) COREE 2 A.96
= 1: 12, E-5
| Lk |PRED:[PRECY] CORE | COVW [rODL]

Example: Using the CPI data from the previous examples in this
chapter, predict the PPI value for a CPI value of 8.5. (This example
assumes you’ve already set the z column to 1, the y column to 2.)

Make sure the statistical model is linear. Then calculate the linear
regression statistics.

(if necessary) E= Interceli‘ -18.43
1M (if necessary) ope! 2

|_LF_|PREDH[PRECY] CORF | COV [HMODL

1: 16, 38
[ Lk_[Prevs]PrEDT] CORR [ c0v [HOGL]

Plotting Statistical Data
You can plot statistical data three ways:

m Scatter Plot. For two variables, their values at each data point are
depicted by a dot in the z-y plane.

m Bar Chart. For one variable, its value at each sequential data point
is shown by a vertical bar.

m Histogram. For one variable, the number of times its value falls
within certain ranges—called bins—is depicted by a vertical bar.
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The Statistics application provides commands for plotting statistical
data with relative ease. For more plotting control, the Plot application
lets you specify additional parameters for statistical plots—see
“Drawing Statistical Plots” on page 19-21.

Plotting Scatter Plots

A scatter plot shows the relationship between two variables by
plotting a point at each z-y coordinate pair. For variables that
are statistically correlated, the points should cluster along a curve
representing the statistical model.

To draw a scatter plot:

1. Enter the column number for the z-axis variable and press Hitil
in the STAT menu.
2. Enter the column number for the y-axis variable and press Wil

in the STAT menu.

3. Press 5iiATE in the STAT menu.

4. Optional: Press FLH to draw the curve for the current
statistical model.

5. Press to return to the Statistics application.

To change the statistical model:

1. Press Hiilil in the STAT menu.
2. Press the menu key for the desired model.

Example: Using the CPI data from the previous examples in
this chapter, draw a scatter plot of PPI versus CPI, then plot the
statistical model. (This example assumes you’ve already set the z
column to 1, the y column to 2, and the model to linear.)

Plot a scatter plot of the data.

(if necessary)

AT

+

[200t]2-E0:] CEMT |COORD|LAEEL] FIN |
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Draw the best straight line for the data.

SR

2-E0:] CENT [COORD[LAEEL] FOM |

Press (ATTN) (9)(MODES)
Standard.

to change the display mode back to

Plotting Bar Charts

A bar chart shows the values of one variable in the order they appear
in the statistical matrix.

To draw a bar chart:

1. Enter the column number you want to plot and press i Hiiiil in
the STAT menu.

2. Press | in the STAT menu.

3. Press to return to the Statistics application.

BARPLOT plots a bar chart of the specified column in X DAT. If you
don’t specify a column, the first column in X DAT is used. Data can
be positive or negative, resulting in bars above or below the z-axis.

Example: Records from a gasoline station show the following
relationship between the monthly percentage changes in gasoline price
and amount sold over a 4-month period:

Month Price Sales
(% Change) (% Change)

1 +3.5 -1.2

2 +9.3 -2.6

3 —6.5 +6.1

4 +2.0 -0.4

Enter the price and sales data using the MatrixWriter application,
and then plot bar charts for the percentage change in price and the
percentage change in sales.
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Start the MatrixWriter application.

@ AR

_1 H
| ELIT | MEC wf 1410 [MIDs [ 50+ u] 504 |
Enter the price data (vertical entry order).

Ghe 35 9.3 (sPC)
6.5 2

Enter the sales data.

®) 1.2 (7)) GFD) 2.6 () G&D)
6.1 GFD) 4 () ENTER)

Enter the matrix onto the stack and start the Statistics application.

EE ZDATCS>=[ 11.5 19.32 5.
@GEED %3S S1.2 ]

[ 9.3 -2.

[ 26,5 6.1 1

[ 2 -4 1]

[ =+ [ CLT [WEW [EDITE
Name the matrix and make it the current matrix.

HEW GAS (ENTER) IEEEE%;EE 2 -.4 1 |

Select the column for percentage change in price (the first column in
the statistical matrix).

(@D @D 1

IKC01= 1 Ycol:i2 I‘Indl:LIHI
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Draw the bar chart for percentage change in price.

BHERL

|2-EDH[CEWT [COORCLAEEL] FCH |
Select the column for percentage change in sales (the second column in

the matrix) and draw a bar chart for it.

[2-E0H[ CEMT [COORD|LAEEL] FCH |

Press to return to the Statistics application.

Plotting Histograms

A histogram divides the range of values of one variable into a number
of bins and for each bin shows the number of data points for which
the variable value falls within the bin. HISTPLOT shows relative
frequency—the maximum y value is the total number of data points.

To draw a histogram:

1. Enter the column number you want to plot and press Hiifil in
the STAT enu.

2. Press | * in the STAT menu.

3. Press to return to the Statistics application.

HISTPLOT automatically uses 13 bins. To change the number of bins,
enter the number and press | in the PLOTR menu (()(PLoT)).
To use the default number of blns press 0 . EES

To draw a histogram with specified bins:

1. Optional: If the statistical data isn’t named, press (») &
. HEH , enter a name, and press (ENTER).

2. Enter the column number you want to plot and press |
the STAT menu.
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3. Enter the minimum z-value to use (the lower bound of the range)

and press (ENTER).

4. Enter the width of each bin (positive real number) and press
(ENTER).

5. Enter the number of bins you want and press (ENTER).

6. Press Eitz in the STAT menu.

7. Press (¢) (or (|)(DROP)) to drop the out-of-range data.

8.

ZT0E to store the frequency data as the current statistical

BFEL to plot the frequency data.
10. Press to return to the Statistics application.

Notice that the original statistical matrix is replaced in these steps.
You can review the frequency data before you store and plot it. If it’s
not what you want, you can start the steps over. The y-axis of the
“histogram” plotted by | is scaled to the maximum frequency—
not to the number of original data points.

Summary of Plotting Commands

Use commands in page 3 of the STAT menu to plot single- and
paired-sample statistics. When this page of the STAT menu is
displayed, the status message at the top of the display indicates the
column designations for the independent (z) and dependent (y)
variables and the current model.
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The STAT Menu—Plotting Commands

BARPLOT

HISTPLOT

SCATRPLOT

Key Programmable Description
Command
(@ GEED (page 3):

: = XCOL Takes a column number as its
argument, and designates that column
as the independent variable.

YCOL Takes a column number as its

argument, and designates that column
as the dependent variable.

Draws a bar chart using the z-column.
Autoscaled.

Draws a frequency histogram using the
z-column. Autoscaled.

Plots the (z,y) points using the
designated z- and y-columns, and
optionally draws the best line using the
current model. Autoscaled.

When you execute some of these operations, the status message (z, v,
and model) is erased. You can press (|9)(REVIEW) to review the status
information—hold down to prolong the status display.

Calculating Summation Statistics

Use the commands in page 5 of the STAT menu to calculate

summation statistics. Use :
STAT menu) to designate z and y.

L and % (in page 3 of the
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Summation Statistics Commands

Key Programmable Description
Command
() ETAT) (page 5):
Er ¥X Returns the sum of the entries in the z
(independent) column of ¥ DAT.
B XY Returns the sum of the entries in the y
(dependent) column of X' DAT.
NXA2 Returns the sum of the squares of the
z-column entries of X DAT.
YYN2 Returns the sum of the squares of the
y-column entries of X DAT.
B YXxY Returns the sum of the products of
corresponding z and y columns in
Y DAT.
- HE NX Returns the number of rows in Y DAT'.

Calculating Test Statistics

Use the commands in the PROB (probability) menu (MTH) FELE )
to calculate combinations, permutations, factorials, random numbers,
and upper-tail probabilities of various test statistics.

Test statistics are calculated using values you enter on the stack—they
do not use the statistical data stored in Y DAT.

Only upper-tail probabilities are covered here—for the other topics,
see “Factorial, Probability, and Random Numbers” on page 9-13.
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Test Statistics Commands

Keys Programmable Description
Command
(page 2):
UTPC Upper-tail chi-square distribution.

Takes the degrees of freedom from level
2 and a real number (z) from level 1,
and returns the probability that a y?
random variable is greater than z.

LHTEE UTPF Upper-tail f distribution. 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.

HTEH UTPN Upper-tail normal distribution. Takes
the mean from level 3, the variance from
level 2, and a real number (z) from level
1, and returns the probability that a
normal random variable is greater than
z for a normal distribution.

B UTPT Upper-tail t distribution. 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.

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.

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

FEOE 1: . 236217586697
71 (ENTER) [UTPc [uTRF [UTPNTUTRT] ||
)

70 (TR

Now, do the same calculation for a score of 89.

() (LAST ARG) (¢) ot .23621 7286697
89 LITFEH 1: . HoBEB1 /52476

(UTPCUTPF [UTPHUTRT] | |
Subtract the two values. About 49% of the students scored between 70
and 89.

Q 1: . 482333834221
[ute Tutpr JutPhuUTPT] 1 |
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Understanding the Statistics Parameter
Variable

The HP 48 uses a built-in statistics parameter variable named

Y PAR to store the statistics parameters. You normally control the
parameters using the XCOL, YCOL, LR, and MODL commands
in the STAT menu. Because X PAR is a variable, you can have a

different X' PAR in every directory. X PAR contains a list with the
following objects:

£ independent-col dependent-col intercept slope model

The default contents are £ 1 2 & & LIMFIT .
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Algebra

This chapter shows you how to manipulate a

u symbolic expression or equation much as you would
q; ¢ on a piece of paper. You can solve symbolically for
h a variable, and you can simplify and rearrange an

expression or equation.
‘L In this chapter, the term algebraic is used to mean
an algebraic object—a symbolic expression or
equation. The terms ezpression and equation are used only where
the distinction between these two forms of an algebraic object is
important.

Finding Symbolic Solutions

A common goal of algebraic manipulation of an expression or equation
is to “solve for” a variable symbolically—that is, to express one
variable in terms of the other variables and numbers in the expression
or equation. You can solve symbolically using these commands:

m ISOL. Solves for a variable that appears only once in any type of
expression or equation.

m QUAD. Solves for a variable that appears in a quadratic expression
or equation.
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Comparison of Commands for Symbolic Solutions

ISOL Command QUAD Command

Variable appears only once. Variable can appear several
times—no rearranging required.

Variable can be any order.
Variable must not be higher than

second order for an exact
solution.

Variable can be the argument of a
nonlinear function (such as SIN).

Isolating a Single Variable

To solve for a variable that appears only once:

1. Enter the algebraic on the stack.
2. Enter the name of the variable (with ' delimiters).

3. Press () (ALGEERA)

The ISOL command isolates a single occurrence of a variable in an
algebraic—it returns an equation that represents a symbolic solution
of the algebraic:

"variable=expression'

If the algebraic is an expression (it has no =), the expression is treated
as an equation of the form 'expression=a".

The variable to be isolated can be the argument of a function only
if the HP 48 has an inverse for that function. Functions for which
the HP 48 has inverses are called analytic functions in this manual.
For example, you can isolate X in an algebraic containing THH{xz
or LM because TAN and LN have inverses (ATAN and EXP).
However, you cannot isolate X in an algebraic containing IF 3,
The operations index in appendix G identifies the HP 48 analytic
functions.

If there is more than one solution for the algebraic, ISOL includes an
“s” (sign) variable to give a general solution. See “Getting General
and Principal Solutions” on page 22-5.

Example: Use ISOL to isolate A in the equation:

/X + B
T =
X+A
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Key in the equation.

() EWATOM) T @)
@XB(E H+B
XA T= |5+

[UTPCUTPF [UTPH [UTFT] [ |
Enter the equation. Then enter the name of the variable and isolate it.

1:  'A=(R+B)-SOCTI-K'
DA [COLCTL Exph L1201 [GUAD ] SHOW [ThiLE

(S)(@LcEBRR) TE0L

Example: Enter the expression 'F# B+ :
then press = - toisolate X. You get 'H={loH-BraE

Solving Quadratic Equations

To solve for a variable in a quadratic:

1. Enter the quadratic equation or expression on the stack.
2. Enter the name of the Varlable (with ' delimiters).

3. Press ($) (ALGEBRA)

The QUAD command solves any algebraic that is up to second order
in the unknown variable. The command is named for its ability to
solve second-order (quadratic) algebraics, but you can also use QUAD
to solve first-order (linear) algebraics. It returns an equation of the
form

'variable=expression’

If you supply an equation that is not first or second order in the
variable to be solved for, QUAD transforms the equation into a second
order polynomial approzimation and then solves that quadratic.

If the algebraic contains other variables, they must not exist in the
current directory if you want those variables to be included in the
solution as formal (symbolic) variables. If they exist in the current
directory, QUAD evaluates them.

If the algebraic is an expression, the expression is treated as an
equation of the form 'ezpression=&".
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If there is more than one solution for the algebraic, QUAD includes

[T

s” (sign) and “n” (integer) variables to give a general solution. See
“Getting General and Principal Solutions” on page 22-5.

Example: Quadratic. Solve for z in the expression 22 — z — 6.

(This example assumes that variable X does not exist in the current

directory—you can press (") X («9)(PURGE).)

Enter the expression and the name of the variable.

DX )20 X0 6 @R 2: KEHE
(D) X (ETER) Iﬂiﬂl

Solve for the variable.
(€)(ALGEBRA) HUIAD: 1: 'H=(1+5155)2!
[COLCT[ EXPH [ 1200 [&UAD [HOMW [THYLE]

The solution contains the variable s, which represents an arbitrary +
or — sign. Copy the expression. Then evaluate it for s = 1. (To key

in s1, press (o) (&) S1.)

ENTER 1 s = 3 1

1 (sl [COLET E4PR [ 1Z0L [ GURD [ZHOWTRYLE

EVAL

Now evaluate the expression for s1 = —1

1 (sl 21 1=
-SWAP ]_ : 1= —E 1

[COLCT] ERPR [ 1500 [unD [ZHOM [TAVLE]

Example: Quadratic with Other Variables. Solve for z in the
equation 222 — 4x 4+ ¢ = 0.

(This example assumes that variables X and C do not exist in

the current directory—you can press (q)({3) X C
(@ EURE))

Enter the equation and the variable name X.

D@ X2 22T,
é) 0 [ZOLETL EXPAT 200 [RURD [THOPTHTLR
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Solve for the variable in terms of C.

(€ (ALGEBRA) HiLIAD L 'H=Cheslal(16-840))
v 1

[COLCT{ERPH [ 1200 [RUAD [ZHOW [TAYLE]
Copy the expression. Calculate the roots for ¢ = 3. The roots are
14 0.70714.

2: =1, 707106781 18..

1831-21% - (1,-.787186781188)
[COLCT] EXPA | 1200 [URD [ZHOK [TRYLE]

1 (*/- Dsl STO

() (SWAP) (EVAL

Example: Linear Equation. Use QUAD to solve for z (which
appears twice) in the equation 3(z + 2) = 5(z — 6).

Key in the equation.

O38@EOXD2) 13 'Fx(R+2)=5x(¥-6)'
@QEX @) XE)6 [EOLET] E4PR | 1501 | CUAD ] SHOMW [TAYLE
Solve for z.

OX 1: '%=18"
(©)(ALGEERA) [EOLCT] E4P# | 1501 | :UAD | SHOV) [TRVLE]

Getting General and Principal Solutions

HP 48 functions always return one result—the principal solution. For
example, /4 always returns +2, and ASIN(.5) always returns 30
degrees or 0.524 radians.

However, when you solve an algebraic for a variable, there may be
more than one solution—and you may want to know what they
are. So the ISOL and QUAD commands normally return a general
solution. A general solution represents the multiple solutions by
including special variables that can take on multiple values:
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m s represents an arbitrary + or — sign (+1 or —1). Additional
arbitrary signs in the result are indicated by s2, s3,

m nl represents an arbitrary integer—0, £1, £2, ... . Additional
arbitrary integers are represented by n2, n3,

To specify general or principal solutions:

m To get general solutions, press 1 (»)(MODES)
m To get principal solutions, press 1 () (MODES)

System flag —1 controls the type of solution returned by ISOL and
QUAD. When you specify principal solutions, arbitrary signs are
always chosen to be +1 and arbitrary integers are always chosen to be
0.

Example: Use ISOL to isolate z in the equation y = sinz?. Find
both the principal and general solutions.

First, enter the equation. Then copy it. Set Radians mode, and set
flag —1. Then, enter the variable to be isolated and get the principal
solution.

OY®BENMX )2 1: H=[ASINGY) !
[COLCT] ExPH | 1Z0L | GURD [ ZHOH [THYLE]
(«®)(RAD) (if necessary)

I (%) (@) (MODES) (8XT)
(O X @ @LeEER) 1

Clear flag —1. Then swap the copy of the original equation to level
1, enter the variable name, and get the general solution. The result
contains the arbitrary sign s/ and the arbitrary integer nf.

1 ¢/ (2)(MODES) (NXT) 13 ‘H=s1#l(RSIN(Y)*(-]

) nl+w*nl)!
%;% e [Z0LCT] EtPA | 1Z0L | UAD | SHOW [ THYLE]

Press (|9)(RAD) to return to Degrees mode.

22-6 Algebra



Showing Hidden Variables

Sometimes you may want to solve for a variable that’s stored in
another variable. To do this, you have to convert the algebraic so the
hidden variable is visible.

Sometimes you may want to speed evaluation by converting an
algebraic so all variables except certain ones are evaluated.
To convert an algebraic using partial evaluation:

m To show one hidden variable, enter the algebraic on the stack, enter
the variable name (with * delimiters), and press («q)(ALGEBRA)

m To evaluate all variables except chosen ones, enter the algebraic on
the stack, enter a list (with £  delimiters) containing the variable
names to remain as names, and press (&9)(ALGEBRA)  &HIIk .

PRdg

Example: You want to solve '##E ' for X, where A contains '#+1
Enter the expression '##i' and variable ' on the stack and press
I . You get 'is+13%E"' which you can solve for X.

, where

Example: You want to draw a truth plot of * -

C contains 7 and D contains 5. To save time, evaluate all Varlables

except X and Y. Enter the expression '&-%+zZ#»2%[*' and the list
b . You get 'H-w+idE1S

Ly oL

£ ¥ % ¥ on the stack and press
which you can plot.
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Summary of Commands for Symbolic Solutions

The ALGEBRA Menu—Symbolic Solution Operations

Keys Programmable Description
Command
(<) (ALGEBRA):

I ISOL For an algebraic in level 2, isolates the
first occurrence of the variable in
level 1.

5 QUAD Solves the quadratic in level 2 for the
specified variable in level 1.

SHOW Shows the algebraic in level 2 with all

implicit references to the variable in
level 1 made explicit. For a list in level
1, evaluates all variables in the algebraic
in level 2 that are not in the list.

Rearranging Terms

You can sometimes simplify algebraics by expanding subexpressions or
collecting like terms. For example, if a variable occurs more than once
in an algebraic, you may be able to simplify it so the variable occurs
only once—letting you use ISOL to solve for the variable.

A subexpression consists of a function and its arguments. The
function that defines a subexpression is called the top-level function
for that subexpression—it’s the function that’s executed last. For
example, in the expression ‘Fi+E#i-[x', the top level function for the
subexpression 'E#[:' is #, the top-level function for 'E#[ <" is
and the top level function for 'H+E#C-[3' is +.
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Collecting Like Terms

To collect like terms in an algebraic:

m Enter the algebraic and press («9)(ALGEBRA)
COLCT simplifies an algebraic by doing the following:

m Evaluates numerical subexpressions. For example, * 1+Z+L.0

DHL 0T returns 4
m Collects numerical terms. For example, *i+¥+3" returns
R

m Orders factors (arguments of *) and combines like factors. For
example, '#™ ] CUOLOT returns

m Orders summands (arguments of + or —) and combines like terms

differing only in a coefficient. For example, 'H+H+¥+3%x® D0LOT
returns ' SEE+Y

COLCT operates separately on the two sides of an equation, so like
terms on the opposite sides of the equation are not combined.

Expanding Products and Powers

To expand products and powers in an algebraic:

m Enter the algebraic and press (&9)(ALGEBRA) E
EXPAN rewrites an algebraic by doing the following:

m Distributes multiplication and division over addition. For example,
PHECBHDIY EHER returns THEBRAEDT

m Expands powers over sums. For example, 'A™(E+L2 " EHFH
returns ‘HETBEEACOT

n Expands positive power integers. For example
e 1hg e 4 ' an d il x' f + l l ' E i

- returns

EXPAN doesn’t carry out all possible expansions of an algebraic

in a single execution. Instead, EXPAN works down through the
subexpression hierarchy, stopping in each branch of the hierarchy
when it finds a subexpression that it can expand. It first examines the
top-level subexpression (the top level subexpression is the algebraic
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itself). If it’s suitable for expansion, EXPAN expands it and stops—
otherwise, EXPAN examines all of the second-level subexpressions.
This process continues until an expansion occurs at some level—no
lower levels are checked.

Example: Expand the expression *'#H™ i E# ™2
Enter the expression.

OAN®OIBX¥®@EO) 1: 'R (B*(C2+0))

C 2 D [COLCT] ERPH [ 1500 [RURD [SHOM [TAYVLE]
Expand the expression. The first expansion occurs at the second
level—the subexpression E#{i"Z+[ is expanded.

() (ALGEBRA) EHFH 1: 'A™(BxCZ+B=0)"

[COLCT] EHPH [ 1200 [GUAD [SHOW [TAYLE]

Expand the expression again. The top-level function (the left =) is
expanded.

1: '"A™(B+["2)*R™(B+0)"
CoLcT] Eiipi (1500 [GURD [SHOW[TRYLE

Expand the expression again. The first expansion occurs at the third
level—the subexpression & is expanded.

1: :'IIﬂ“EB*(E*E) J¥R™(B=D
coLCT] Eiiph [ 1500 [GURD [SHOW [TiLE

If you were to press | EHFH | no further expansion would occur.
Collect like terms.

CEDT I: 'R (BEC 2+B0)
[COLCT] EXPA | 1200 | GUAD [ZHOM [THYLE]

Example: The EXCO program on page 31-21 completely expands
and collects an algebraic.
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Summary of Commands for Collection and Expansion

The ALGEBRA Menu—Collection and Expansion Operations

Keys Programmable Description
Command

(«))(ALGEBRA):
B B COLCT Simplifies the algebraic in level 1 by

collecting like terms.

ExEH EXPAN Rewrites the algebraic in level 1 by

expanding subexpressions that contain

products and powers.

Using the Rules Transformations

You can rearrange an algebraic in specific step-by-step stages, letting
you get the result in the form you want. The Rules transformations
are algebraic-rearrangement operations that are narrower in their
scope than EXPAN and COLCT. The Rules transformations let you

direct the path of an algebraic rearrangement.

To rearrange an algebraic in specific steps:

1. Put the algebraic in the EquationWriter application:
m To enter a new algebraic, press ((9)(EQUATION) and key it in.
m To use an algebraic in level 1, press (V).
m To use an algebraic stored in a variable, enter the name (with
delimiters) and press (2)(¥).
2. Get the Selection environment:
m From entry mode, press («).
m From scrolling mode, press (&9)(GRAPH) (€.
3. Press (A) (V) («) (®) to move the selection cursor to the top-level
function for the subexpression you want to rearrange. (See below.)
4. Optional: Press ! B at any time to show the associated
subexpression—a highlight turns on or off.
5. Press BlILE% to get the RULES menu. (You can press (=) to return
to the Selection menu.)
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6. Press the menu key for the transformation you want. (Or just move
the cursor to not do a transformation.)

7. Repeat step 6 for each transformation you want. (If you move the
cursor, you have to go back to step 3.)

8. Press to save the transformed algebraic (or press to

not save it).

In this section, the definition of subezpression in the previous section
is expanded to include individual objects. For example, you can
specify a name as the subexpression.

After you activate the Selection environment, you move the
selection cursor—it specifies both an object in the algebraic and its
corresponding subexpression.

Operations in the Selection Environment

Key Description

Selects a menu of relevant rearrangement
transformations for the specified subexpression.

EULES

Returns the specified subexpression to the command
line for editing. (See “Command-Line Editing” on page
16-17.)

Highlights the specified subexpression.

Returns the specified subexpression to level 1 of the
stack.

Replaces the specified subexpression with the algebraic
in level 1 of the stack. (See “Replacing a Subexpression
with an Algebraic Object” on page 16-22.)

Py Exits the Selection environment, restoring the entry
mode cursor at the end of the equation.

am Moves the selection cursor to the next object in the
0> indicated direction. When prefixed with (), moves
the selection cursor to the farthest object in the
indicated direction.

+/- Highlights the specified subexpression (just like
EHFE ), but is also active when the RULES menu is
displayed.
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The RULES menu may include transformations that aren’t applicable
to the specified subexpression—such menu keys produce a beep. After
you execute a transformation, the selection cursor highlights the new
top level object. The RULES menu is removed whenever you press
any of the following keys: («) () (&) (¥), (=) (to return to the Selection
menu), (ENTER), or (ATTN).

The tables on the next several pages describe the Rules
transformations and show examples. However, the tables do not
include all patterns for which transformations are applicable.

Note The following tables include examples of
transformations in the form

before — after

The before and after algebraics are shown in their
command-line form—even though you execute Rules
transformations in the Equation Writer environment.

If you try an example, press (ENTER]) to see the new
expression in command-line form.

The RULES Menu—Universal Transformations

Key Description

DHED Double-negate.

I::i — _......;Ziii

BTHNY Double-invert.

B — LY CTMYORS
il Multiply by 1.

H— A#l

A+Es 1 — AR

Raise to the power 1.
H— AL

e Divide by 1.

A+EEL — A+E
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The RULES Menu—Universal Transformations (continued)

Description

Add 1 and subtract 1.
A — FA+i=1

EE Collect. Executes a limited form of the COLCT
command in the ALGEBRA menu. Works only on the
subexpression defined by the specified object and
leaves the coefficients of collected terms as sums or
differences.

The RULES Menu—Moving Terms

Key Description

=1 Move-term-left. Moves the nearest neighbor to the
right of the specified function over the nearest neighbor
to the left of the function.

SHC DD — FECHCBD
k[ — PR DR
+0aELED — FED R E]

#[ — AERSC=0

- Move-term-right. Moves the nearest neighbor to the
left of the specified function over the nearest neighbor
to the right of the function.
FA+BEECDHEr — A=-BRCD+ED
BT — F=THY OB

1 and 1%  are used to move a term over its “nearest
neighbor” to the left or right. A term is an argument of 4+ or — (a
summand), an argument of % or / (a factor), or an argument of =.
Also, these two operations ignore parentheses—you can make them
respect parentheses by executing . #1  to make the parenthetical
subexpression a term.
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The RULES Menu—Building and Moving Parentheses

Key

Description

Parenthesize-neighbors. Parenthesizes the nearest
neighbors of 4+ or *. Has no effect if the specified
function is the first (or only) function in the
expression, because these parentheses are already
present, but hidden.

F+BEC+D — A CB+D D

Expand-subexpression-left. Expands the subexpression
associated with the specified function to include the
next term to the left. Note that a matched pair of
parentheses may disappear.

FBr DD+ FE — P OB CeDo

Expand-subexpression-right. Expands the
subexpression associated with the specified function to
include the next term to the right.

A CRRC 4D E — AR DD +E

The RULES Menu—Commuting, Associating, and

Distributing

Key

Description

i

Commute. Commutes the arguments of the specified
function.
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The RULES Menu—Commuting, Associating, and

Distributing (continued)

Key

Description

0

Dlstrlbute left.

Distribute- rlght

S ;"i‘i s —_ !__l_l__--, R

LH H+E'—>|r1 II.Z'I-LII Eid

& H; :

Merge-factors-left. Merges arguments of 4+, —, *, and
/, where the arguments have a common factor or a
common single-argument function EXP, ALOG, LN, or
LOG. For common factors, the + indicates that the
left-hand factors are common. Also merges sums where
only one argument is a product.

CAFED CA¥CY — F% (B

H“"I"'I""E — H# l_ 0

Merge-factors-right. Merges arguments of 4+, —, *, and
/, where the arguments have a common factor. The =
indicates that the right-hand factors are common. Also
merges sums where only one argument is a product.
CRECIE RS0 — CRAHBIED

AEF15E — CA+10%E

Double-negate and distribute. Equivalent to * |
followed by * on the resulting inner nega,tlon.
FE — = (-A-ED

Double invert and dlstrlbute Equlvalent to LIHW
followed by | =i on the resulting inner inversion.
'~|+E — 1H‘x" IH“' H'S'- E L
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The RULES Menu—Rearranging Exponentials

Key Description

L% Replace log-of-power W1th product of-log.

2 — L

L Replace product of- log with log-of-power.
(AMEE —

Replace power- product Wlth power-of-power.

l-«n_éu'

,...x
]

‘l'l

u_;;

= Replace power of-power with power-product.

-
i

*TREG Replace exponential with trigonometric functions.
(This example assumes Radlans mode )

FEEE

B

The RULES Menu—Adding Fractions

Key Description

Add fractions. Combines terms over a common
denominator. (If the denominator is already common
between two fractions, use |

)

The RULES Menu—Expanding Trigonometric Functions

Key Description

shEF Expand-trigonometric-definition. Replaces
trigonometric, hyperbolic, inverse trigonometric, and
inverse hyperbolic functions with their definitions in
terms of EXP and LN. (These examples assume

Radlans mode.)

Els Expand as product-of-trigonometric-functions.
Expands trigonometric functions of sums and
differences.

SIHOH+YY —

G COE R EEINOY S
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The RULES Menu—Automatic Multiple Execution

Description

fr

Multiple-distribute-right.

Multiple-distribute-left.
CRFRFDED — AElBsDE0xD

Multiple-associate-right.

Multiple-associate-left.
A B+ 0+ — ArBErCRD

Multiple-merge-factors-right.
A#B+CeR+DsE — CR+C+HD xR

Multiple-merge-factors-left.

Multiple-move-term-right.
FER+C+D=E — B+C+D=E~H

Multiple-move-term-left.

cfcigc]oigc

Multiple-expand-subexpression right.
A+ CERC+D+E — A+ CB+CHDHE D

U

Multiple-expand-subexpression-left.

Prefixing the previous transformation keys with () causes that
transformation to execute repeatedly until no further change occurs.

Example: Solve for the variable z in the equation

Do this by rearranging the equation so z appears only once, then

using ISOL.

Select the EquationWriter application and key in the expression.

() (EQUATIO)
AR X @O

B®X@DC
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Activate the Selection environment. Then move the selection cursor to
the = sign and get the RULES menu.

)]
(«) (5 times)
Flles A-#@BH+C

[ #T | T+ [OMES[OINY | %1 | -1 f
Move the term E =i to the left side of the = sign.

wl

A-RaB#=C
[ 1 [ 13 [t [ M+ [ #F | £+ |

Merge the two terms on the left side of the = sign.

(A-B)@{=C

Now that z occurs only once in the equation, put the equation on the
stack and isolate z.

1: '"W=C~(A-B)"
(«2) (ALGEBRA) [EOLCT EiPh [ 1300 | GUAD ] SHOW TRYLE

(X 1z0L
Example: Solve for z in the equation
3(x+2) =5(z —6)

Select the EquationWriter application and key in the equation.

(9 EAToN
@O XD2 6

BE)
S@OXA®)

3 (K+&)=5-(K-6)0

[COLET] ERPH [ 1500 [RURD [ SHOM [TRYLE]
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Activate the Selection environment and move the selection cursor to
the = sign on the left side of the equation.

)
@)

H+E)=5-(H-6)

[RULE=] ECIT [ ERPE | SUE | REPL [ EXIT |
Highlight the subexpression defined by =. This shows you what part of
the equation will be affected by the rearrangement.

over Lttt

3 HE3E=5(H-6)
[ 1 | T3 | &M | be | K | & |

Move the selection cursor to the = on the right side of the equation
and distribute again.

(®) (6 times)

RULEE [is

3H+IE=0 "m0 b

[ £7 [ 7% [ £ [ M+ [ 6F [ £+ |
Move the cursor to the = sign and then move the term == to the left
side of the equation.

(€0 (4 times)

R i e
mlh B 2

3H+3-2@H=-(56)
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Now that both terms in X are on the same side of the equation,
return the equation to the stack and collect like terms.

1 '6— E*H-—BB'

Now solve for X.

OX 1 1: e8!
[COLCT] EXPA [ 1201 [GUAD [ ZHOW [TRYLE]

Example: Solve for n in the equation
n—>5 1 n—3

6n—6 9 4n—4

Key in the equation.

() (EQUATION)
%NE]@l 5@(59]% 8 " N-5 _1 N-3
@WND3®INDH4 EN-6 9 +H-40

[COLCT] EXPA [ 1200 | UAD | SHOL |THYLE]

Activate the Selection environment. Move the cursor to the — sign
between the two right-hand terms.

)
() (as required)
H-5 =
BMN-6 9 ‘H‘vl ""r
[RULE=] EWIT [EXPE [ sUE [REPL [ ERIT |

Move the rightmost term to the left side of the equation.

(N-5) p(N-3) 1
EN-6Y4H-4 9
| £T [ T [ 0 | M+ | AF | <3 |
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Move the cursor to the — sign in the denominator 4 =H-4 and merge
factors left.

FHLES  wp (N"S], (N-31 1
BN-6 4a(N-1) 9

Move the cursor to the — sign in the denominator of the first term on
the left side and merge factors left.

IO
mLEL = [ N—Sj . [: N—3:| 1
BACN-1) " 4(N-1) 9

Move the cursor to the divide bar of that term and associate left.

@ (N-5)

FIULER i (N3 g
-T "4(N-1] 9
Move the cursor to the divide bar of the second term and associate
left.
Q0] _ _
N1 W1 3

Move the cursor to the -+ sign between the two terms and merge
factors right.

FiLED . e +
B 4
H-1 9
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Move the cursor to the = sign and move term right.

®)

BlLES  Ta EN‘5J . I:N-EJ 1
e = (- 5

Put the equation on the stack. Set the display mode to 1 Fix (to see
the result of the subsequent [{il. T operation more easily). Expand
terms and then collect like terms.

1: é—%.ﬁ+@.4*ﬂ=—@.1+
¥ 1
[COLCT] E4PA | 1700 | RUAD | ZHOW | THYLE

((MODES) | FI¥
VG

LT

Solve for N

(O N GitAn

Lt 'N=4, 5!
[COLET] EXPA [ IZ0L [GUAD [ZHOMTAYLE

to return to Standard display mode.

Press (&) (MODES)

Making User-Defined Transformations

If the built-in set of Rules transformations do not rearrange

an algebraic in the form you desire, you can make your own
transformations. By making a “custom” transformation, you can
replace occurrences of a pattern with a new pattern. The pattern
can be specific—or it can contain “wildcards” that match any
subexpression and that you can reinsert in the replacement. And
you’re informed whether or not a replacement was made.

You can also make conditional transformations—the transformation
occurs or not depending on a condition you specify.

To make a custom transformation on an algebra

1. Enter the algebraic on the stack.
2. Enter a list (with £ ¥ delimiters) that specifies the transformation:
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m To make an unconditional transformation, include the search and
replacement patterns (with ' delimiters).

m To make a conditional transformation, include the search and
replacement patterns and the conditional expression (with '
delimiters).

3. Press (&) (ALGEBRA) (BXT)

The list specifying the transformation has one of these forms:

‘search' ‘replace’
L ‘tsearch' ‘replace’ ‘conditional'

The TMATCH and |MATCH commands search for the specified
pattern and replace all occurrences of that pattern with the
replacement pattern. For a conditional transformation, the
replacement occurs only if the conditional expression evaluates to a
nonzero value (true).

If a replacement is made, the new expression is returned to level 2—
and 1 (true) is returned to level 1. If a replacement is not made, the
original expression is returned to level 2—and 0 (false) is returned to
level 1.

TMATCH starts its search at the lowest level subexpression and works
up—this works well for simplification. | MATCH starts with the
complete algebraic and works down—this works well for expansion.
Replacement stops at the end of the first level in which a replacement
occurs. You can repeat the transformation to change other levels.

For generalized transformations, the search pattern can contain
“wildcard” names that match any subexpressions. When the
replacement pattern is inserted, each wildcard name is replaced by the
matching subexpression from the search pattern. A wildcard name

consists of an & character ((@) (&) (ENTER)) and a valid variable name,

such as &7,
Example: An extension of the half-angle formula for sine is
sin(2z) = 2sin(z) cos(z)

There is no Rules transformation for this formula, so create a
user-defined transformation list for this transformation. Then use it to
transform the expression 'SIMGZ® K+ 0",
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Create the transformation list. (To key in #, press (@) (¢)(ENTER).)

OO EN) 2 6 &W ) () 13 { 'SINCZ=RID ' '2#

2 oW v S INCRM) 2SR

Store the list in variable HALF'. Then enter the expression to
transform.

() HALF l: 'SINCE*(H+10)!
OEM2XEOXM! [T m] Fid [ sC1 | ENG [24H s[EEEP]

Recall the transformation list from the VAR menu, then use | MATCH
to transform the expression. The value in level 1 shows a replacement
occurred.

HALF __ 2t 125SINC+1)*C0S (Ke,
-

Drop level 1 to see the transformed expression.
® 1: ;?*SINEHHJ*EDS(HH
[HHATI4HAT] | [HPRLYRUDT | o |

As an alternative, you can include the list and the |[MATCH
command in a program—then you can make the transformation in one
step.

Using the | (Where) Function
The | function ((«9)(ALGEBRA) I )—read as “where”

or “evaluated at”—binds numeric values to variables that occur in
a partially evaluated algebraic. It provides a way to do stepwise
evaluation of integrals and user-defined functions—it provides
substitution information about names, even if the names no longer
exist, as can occur with local variables.

You can also use | to evaluate an algebraic for specific variable values.
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To evaluate an algebraic for specific variable values:

1. Enter the algebraic on the stack.
2. Enter a list (with £ * delimiters) that contains each variable name
followed by the value to substitute. (See below.)

3. Press (€7) (ALGEBRA)

The list of names and values should have the form

namey €rPry ... NAMep €ITPTp

where ezpr can be a number or a symbolic expression. If a variable

named in the list currently exists, its contents are not changed by |
(where).

Example: The evaluation of an integral returns a symbolic result of
the form

Pexpri fvar=upper-limit i~ expri L var=lower-limit

as described in the next chapter, “Calculus.” Here expr is the
integrated expression, still in symbolic form—and var is the variable
of integration. Press to substitute the limits of integration.

Example: Consider the user-defined function DRV created by

entering ' [DEY #~&3 ' and pressing (&q)(DEF). Enter
"LREMOZ2 ' and press to return the partially evaluated result

R

R ST AT B I T

X is a local variable and exists only while the user-defined function
DRYV is being executed—so the | function supplies substitution
information for the terminated local variable. Press again to
get the final answer 4.

Example: Evaluate A + B, where A = C + D and B = 7. Enter

"A+E' then enter £ H '+l BEF . Press | to get the
expression ‘'iZ+[+F !,
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23

Calculus

You can use the HP 48 calculus commands
to differentiate expressions, calculate series
summations, derive Taylor’s polynomials, and
perform symbolic and numeric integration.

Differentiating Expressions

You can differentiate a symbolic expression either one step at a time,
S0 you can see the substitutions—or completely in one step, so you can
go right to the final result. If your expression contains only analytic
functions (those labeled with “A” in appendix G), you get an explicit
derivative.

Differentiating Step-by-Step

To differentiate an expression step-by-step:

1. Enter a symbolic expression (with * delimiters) for the § function
with the expression to differentiate as the argument.

2. To perform each step, press (EVAL).

When you use 0 in algebraic syntax, it differentiates the expression
step-by-step. In algebraic syntax, 0 has the command-line form
favaeriecpression !

where var is the variable of differentiation and ezpression is the
expression you’re differentiating. You can enter the symbolic
expression in the EquationWriter application—see under “Entering
Equations” on page 16-8.
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Example: Calculate the derivative of sin z using a symbolic
expression.

(This example assumes that variable X does not exist in the current

directory—you can press () X (¢9)(PURGE).)

Select Radians mode, and key in the derivative of the expression, using
the EquationWriter application.

() (MODES) (NXT) (NXT)
FAD  (if necessary)

() (EQUATION)

@O X®EW X

o
EH[SIT‘I(HD

Put the expression on the stack, and evaluate the two steps to get the
final result.

1: 'COSCK) !
(EVAL) [ [EG [ RAD a[GRAD [RVZ 8] B2 | Rad |

Example: Calculate step-by-step the expression
d

— tan(2? + 1

T an(z® 4+ 1)

(This example assumes that variable X does not exist in the current

directory—you can press () X («9)(PURGE).)

Set the angle mode to Radians. Select the EquationWriter application
and key in the derivative.

(®))(RAD) (if necessary)
() (EQUATION) \ .
DX 2 [1anlx+10
X ®@ !
[ LES | R s GRAD | V2 o] Rd? | Fadd ]
Evaluate the expression.
12 'CL+TANCH™Z+107E ) %4
AleT2+l)!
L UES | Rl o] GRAD | HVE o] Fid? | Fad |
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The result still contains a derivative, illustrating the chain rule of
differentiation:

d 9 d d
—t N= — - 2 i 2
. an(z® 4+ 1) ey tan(z® + 1) x . (z°+1)

= (1 +tan?(z? + 1)) x di(:zc2 +1)
z

The derivative of the tangent function has already been evaluated.
Evaluate the next step, the derivative of 22 + 1.

1: QE%:E?I}I(H“EHJ"EJ*E
[CEG | fnu s[aknn | vz o] o2 | ha | JEEPY

The operation evaluates the derivative of the sum

d d , d
il 1) = — il
dr(x +1) d:vx +dx1

The derivative of 1 is 0, so the term disappears. Evaluate the next
step, the derivative of z2.

1z 'C1+TAMCA™ 2410720 %(
anlp)#2#R"(2-11]"
[FAD o] GRAL | 2 o] hld | b

The operation reflects the chain rule:

d 2 __ d 2
%75 —%(z) xE(z)

The derivative of 2 has been evaluated. Evaluate the final step.
l: é(}}l{-ﬂHN(H"E+1J“EJ*(
*
| 0ES | Rl [ GRAD | V2 o] Fd? | Fdd |

Differentiating Completely

To differentiate an expression completely in one step:

1. Enter the expression you want to differentiate (with * delimiters).
2. Enter the variable of differentiation (with ' delimiters).

3. Press (=)(3)
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Example: Calculate in one step the expression
d
— tan(z? + 1
. an(z” + 1)

(This example assumes that variable X does not exist in the current

directory—you can press () X («q)(PURGE).)

Enter the expression. Enter the variable of differentiation.

O [AN) X 07) 2 (1) 1 (ENTER) % 'THN(H"E+}§:
O X EnTER) )mmmmmml

Differentiate the expression.
=@ 1: é(}}lﬁTHN(H*&I)"‘E)*E
* 1
[ DEG [ RnD o GRAD [ V2 o] Rd@ [ Fdd |

Differentiating User-Defined Functions

You can differentiate user-defined functions. See “Differentiating a
User-Defined Function” on page 10-3.

Creating User-Defined Derivatives

If you execute 0 for a function that has no built-in derivative, 0
returns a new function whose name is der followed by the original
function name. The new function has arguments that are the
arguments of the original function, plus the arguments’ derivatives.
(You can differentiate further by creating a user-defined function to
represent the new derivative function.)

If you execute 8 for a formal user function (a name followed by
arguments in parentheses, for which no user-defined function exists
in user memory), d returns a formal derivative whose name is der
followed by the original user function name, plus the arguments and
their derivatives.

Example: The HP 48 definition of % does not include a derivative. If
you enter '&Z{H{Hy¥1' and press (EVAL), you get

s T

- R
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Each argument of the % function results in two arguments for the
der% function—¥ results in ¥ and #Z¢3, and ¥ results in % and

P IS

To define the derivative function for %, you can enter
i lj‘.:..‘r_ '_ b sidn o s |js=‘ ::l o !:: ::-::':'E‘Ijlzl'l"l:i':':‘lj w1 l-:'“'-_j ! and press @ .

Now you can obtain the derivative of '%¢x, 2%+ by entering the

expression and the variable 3", then pressing (()(8) (¢9) (ALGEBRA)

CL 0T, The result is ', Bkt

Example: Enter the derivative of a formal user function,
fx ' CxlymEy w830 Then evaluate it by press (EVAL). The result
is

Pederf Cal g w

= EER A BT SR e I LY

Akl

Summing Finite Series

You can calculate the value of a finite series. You can also use this
capability to explore whether or not an infinite series converges.

To calculate a summation using algebraic syntax:

1. Enter the symbolic expression for the ¥ function with the index,
limits, and summand as arguments.

2. Press (EVAL).

When you use X in algebraic syntax, it has the command-line form

§ o

Eiandexr=inttials final, summand> !

where indez is the index variable name, initial and final are the first
and last values of the index variable, and summand is an expression

representing the terms being summed. You can enter the summation
in the EquationWriter application—see under “Entering Equations”

on page 16-9.

To calculate a summation using stack syntax:
1. Enter the name of the index variable you’ll use in the summand

expression (with ' delimiters).
2. Enter the initial value of the index.
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3. Enter the final value of the index.
4. Enter an expression for the summand (with ' delimiters).

5. Press (P2)(T).
Example: Calculate
Qn

n=1

Select the EquationWriter application and key in the X function, the
summation index, the initial value, and the final value.

() (EQUATION)
@O

Key in the summand.

%%D(SNI@ ] N
A 1) N
@2@N PR

Calculate the sum.

1: -. 222220220221
| DES | RO w]SRAD | HYZ 8] FdZ | Fdd |

Example: For the infinite geometric series

(o]
§ rn—l

n=1

see whether the series converges or diverges for r = 0.5.
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Select the EquationWriter application, and key in the summation
function, the index, and its initial value.

() (EUATIO)
@0
NGHG)

Key in a final value for the summation index. Because the HP 48
can’t represent infinity, use a large number, like 500. Then key in the
summand.

500 ()
REGIN@1

Enter the expression. Make two extra copies to use in this and the
next example. Store the value 0.5 in R and calculate the sum. (The
calculation takes several seconds.)

(ENTER) (ENTER) (ENTER) 1z 7
5 ()R (ET0) [ BES [ RAD w[SRAD | HYZ o] a2 | Rdd |

G

Swap the expression into level 1 and change the final value of the
index to 1000, then calculate the sum again. (The calculation takes

several seconds.) The calculations suggest that the series converges to
2

&) ®)ED) 2

: P
i 1: P
£) 7 imes) ©ED) 19 -

Example: Evaluate the series from the previous example to see
whether it converges or diverges for » = 100. (This example assumes
the summation expression remains from the previous example.)
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Set system flag —21 so that numbers larger than MAXR (mazimum
real number) cause an overflow error. Then, swap the remaining copy
of the expression into level 1, store 100 in R, and calculate the sum.
An overflow error occurs, suggesting that the series diverges.

21 (°75) (05) (WODES) (BXT)
@

@@ RoLI
100 () R (5T0)

E

Z
3: 1.8181818101E498
166

1 : ]|
[THENRCLM[TOF [RCLE] 5F [ CF |

Press 21 . F to not generate overflow errors.

Deriving Taylor’s Polynomial Approximations

For any mathematical function represented by a symbolic expression,
you can compute a Taylor’s polynomial approximation about z = 0,
sometimes called a Maclaurin series. You can also specify the order of
the polynomial.

To derive the Taylor’s polynomial approximation about x = 0:

1. Enter an expression for the function being approximated (with *
delimiters).

2. Enter the name of the variable for the polynomial (with
delimiters).

3. Enter the order of the polynomial (the maximum power for the
variable).

4. Press ($)(ALGEBRA) T

The TAYLR command can’t be used in algebraic syntax.

Example: Calculate the 3rd-order Taylor’s polynomial about & = 0
for

1
Jits

(This example assumes that variable X does not exist in the current

directory—you can press (") X («9)(PURGE).)
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Enter the expression, the polynomial variable, and the order of the
polynomial.

OlI8@E®@OIDXEDS 3: 1AL (1+R 3!
§‘= ®:
SC)- [THEM[RELM] STOF [RCLF[ 5F | CF |
Derive the approximation. (The calculation takes several seconds.)
(S5 (ALGEBRA) THLF 1 11331573
[Z0LCT] ExPo [ 1200 [GUAD [SHOM [THYLR

Evaluate to complete the calculation.

1: - 5eea!
[COLCT] EWPA [ 10U [ GURD [HOM [THYLE]

Example: Calculate the 5th-order Taylor’s polynomial approximation
about z = 0 for sin z.

(This example assumes that variable X does not exist in the current

directory—you can press () X () (PURGE).)

Select Radians mode. Enter the expression, the polynomial variable
(X), and the order of the polynomial. Then find the Taylor’s
polynomial.

(«9)(RAD) (if necessary) 1 é:,::_lfa | #8741 5 | 24~
8 TER [COLCT E:PA L1500 ] AL JZHOW [THYLE

5 ()(ALGEBRA) THYLE

Evaluate the expression for X = 0.5.

S(OX 1: . 479427833334
[COLCT E:tPA | I0L | RUAD ] SHORTAVLE

For comparison, .5 returns . 47425
accurate to five decimal palces.

. The approximation is

To derive the Taylor’s polynomial approximation about x = a:

1. Purge a dummy variable Y.
2. Store Y + A in the polynomial variable X.
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3. Enter an expression for the function being approximated.
4. Press to change the variable from X to Y.

5. Enter the name of the variable Y.

6. Enter the order of the polynomial.

7. Press (q)(ALGEBRA) THYLE.

8. Purge variable X.

9. Store X —Ain Y.

10. Press to change the variable from Y to X.

For A in the previous steps, you can use a number or a variable.

TAYLR always evaluates the function and its derivatives at zero. If
you’re interested in the behavior of a function in a region away from
zero, the Taylor’s polynomial will be more useful if you translate the
point of evaluation to that region, as described above. Also, if the
function has no derivative at zero, its Taylor’s polynomial will be
meaningless unless you translate the point of evaluation away from
zero.

Integrating Expressions

You can calculate symbolic integrals for expressions with known
antiderivatives (indefinite integrals). You can also estimate the
numeric value of those and other integrals.

Doing Symbolic Integration

Symbolic integration means calculating an integral by finding a known
antiderivative and then substituting specified limits of integration.
The result is a symbolic expression.

The HP 48 can integrate the following patterns:

m All built-in functions whose antiderivaties contain only built-in
functions (and whose arguments are linear). See the analytic
functions, labeled with “A” in appendix G. For example, *SIH{x»

m Sums, differences, negations, and other selected patterns
of such functions. For example, 'SIHOH~00S0H " —
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'LHCTHH

m Derivatives of all built-in functions. For example, ' TR ¢ {445
— TATAMHOE:

m Polynomials whose base term is linear. For example, * -3

— P O ed

To find a symbolic integral using algebraic syntax:

1. Enter the symbolic expression for the f function with the limits,
integrand, and variable of integration as arguments.

2. Press (EVAD) (EVAD),

When you use f in algebraic syntax, it has the command-line form
Pivlowers uppery integrand, var: !

where lower and upper are the limits of integration, integrand is the
expression being integrated, and var is the variable of integration. You
can enter the integration in the EquationWriter application—see under
“Entering Equations” on page 16-8.

To find a symbolic integral using stack syntax:

In the MODES menu, make sure Z%Fs is displayed.

Enter the lower limit of integration.

Enter the upper limit of integration.

Enter the integrand, the expression you want to integrate (with *
delimiters).

5. Enter the variable of integration (with ' delimiters).

6. Press ()(J)
7. Press (EVAL).

The result of symbolic integration indicates the success of the
integration:

N

m If the result is a closed-form expression—if there i1s no .J sign in the
result—the symbolic integration was successful.

m If the result still contains | you can try rearranging the expression
and evaluating again. If rearranging fails to produce a closed form
result, you can estimate the answer with numeric integration,
described under “Doing Numeric Integration” on page 23-14.
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Before you press the final (EVAL), a closed-form result of f has the
form

"result] Cvar=uppers—i result| Lvar=lower: '

where result is the closed-form integral, var is the variable of
integration, and upper and lower are the limits. (The | (where)
function is discussed under “Using the | (Where) Function” on page

22-25.
v
/ (2 + 1)dz
0

Example: Calculate
(This example assumes variable Y does not exist in the current

directory—you can press (') Y («9)(PURGE).)

Select the EquationWriter application and key in the f function, its
limits, the integrand, and the variable of integration.

() (EQUATION)
3]0 Y 2

> Y& JH+1dHn
XE)2@ ! @
(E)X

Evaluate the expression.

[COLCT] EXP [ 1500 | RURD [ SHOL |THYLE]

£ ROME 3

e ' 1#g+d (24 1) 0(2+] )
#3R LRI )| CH=Y -] %K+
A CE+1 22 CC2+]1 2%aH (K
111 (w=A1)"

[COLCT] EXPH [ 1500 [GUAD [EHOW [TAVLE]

The result is closed form. Now evaluate again to substitute the limits

into the variable of integration.

1: 33!
[COLCT] EXPA | 1200 [ GUAD | ZHOM [THYLE]

Example: Calculate
Y
/ (z? +1)%dx
0
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(This example assumes variable Y does not exist in the current

directory—you can press (") Y («9)(PURGE).)

Select the EquationWriter application, then key in the integral sign,
the limits, the integrand, and the variable of integration.

() EATON
@0 v 2
)

)Y &) (+2+1)
@WOXD20D1?
D20 X

Try to calculate the integral. The operation isn’t successful because
the term ©¥™Z+13 isn’t linear.

[COLCT] EXPH [ 1200 [GUAD [ SHOM [TAYLE]

(EVAL) 13 JCH, Y, (H72+172, R)
[COLCT ERP [ 1200 [une [SHOW[THVLE]
Rearrange the expression by expanding and collecting.

(@ @EeEER)

1: lr\:{\:ll"lliEl, Yo 1+ 4+2%R7E,
[COLCT] ERPH [ 1200 [GUAD [ SHOR [TAYLE]

Now evaluate the rearranged expression.

£ HIME 3
1z 2R (2+]1 0 0(2+] )%
an(n) 1+ (4+1 0004
+11#aR0H) 1+ #R] (h=Y
J-(Z# (R (2+]1 - ((2+]

[COLCT] ERFH [ 1200 [GUAD [ SHOW TAVLE]

Complete the integration by evaluating the | (where) functions.

1: '2#0Y"3-3)+Y "0 04!
OLCT] ExP [ 1Z0L | RUAD ] SHOW[THILR

1. Derive a Taylor’s polynomial approximation to the integrand.
2. Find the symbolic integral of the polynomial.

Not all expressions are directly integrable on the HP 48—see “How the
HP 48 Does Symbolic Integration” on page 23-18. You may be able to
use the TAYLR command to approximate the integrand.
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Example: (Calculate

y 2
/ex dz
0

The integrand is not integrable by any of the methods described so far
in this chapter. Calculate a 4th-order Taylor’s polynomial for this
expression and integrate the polynomial.

(This example assumes that variables X and Y do not exist in

the current directory—you can press (&)(E3) X Y
@EURE))

Enter the expression. Enter the series variable and the order of the
polynomial, then find the Taylor’s polynomial. (The calculation takes
several seconds.) Then evaluate the result.

O ®)E X D) 2 (ENTER) 1: '1+H"2+, GER"Y !

(D X (ENTER) 4 (\)(ALGEBRA) TH L F  |CrTH NN MM eI T T

Use stack syntax to calculate the integral: Enter the lower and upper
limits and move the integrand to level 1.

0() Y ERTER)
1 1

@) @) EEEL e AR T

Enter the variable of integration, integrate the expression, and
evaluate the result. This approximation is less accurate for Y not near

0.
OX 1z 1. 3* (Y 000+ 3 3+Y

7
[COLCT] P | 1500 | GUAD [SHOW [THVLF

Doing Numeric Integration

Numeric integration lets you approximate a definite integral—

even when symbolic integration can’t generate a closed-form result.
Numeric integration employs an iterative numeric procedure to obtain
the approximation.
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To find the value of an integral using algebraic syntax:

1. Specify the accuracy factor for the integrand:
m For an accuracy factor of 107", press n (49)(MODES)
m For an accuracy factor of 10711, press (|)(MODES) =7T[

2. Enter the symbolic expression for the f function with the hmlts
integrand, and variable of integration as arguments.

3. Press ()(=NUM).

When you use f in algebraic syntax, it has the command-line form

L lowery uppers integrands var: '

To find the value of an integral using stack syntax:

1. Specify the accuracy factor for the integrand:
m For an accuracy factor of 107", press n («q)(MODES) F1I:
m For an accuracy factor of 10~!!, press (&q)(MODES) &T[:

2. Enter the lower limit of integration.

Enter the upper limit of integration.

4. Enter the integrand, the expression you want to integrate (with *
delimiters).

5. Enter the variable of integration (with ' delimiters).

6. Press (2)(7)
7. Press ()(=NUM).

The display format specifies the accuracy factor. The accuracy factor
determines the acceptable tolerance between the final iterations of the
numeric procedure. Except in rare cases, this factor is the percent
error in the result. For exa ple to speafy an accuracy factor of
0.0001 (0.01%), press 4 | Generally, the smaller the tolerance,
the longer the calculation.

b

To check the uncertainty of the numeric result:

m Press 1ERE .

If the uncertainty of integration JERR is too large, the integral is
unreliable. If JERR is —1, the integral didn’t converge.

Example: Use numeric integration (accuracy factor of 0.0001) to

calculate
2 2
/ e’ dz
0
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Specify the accuracy factor. Select the EquationWriter application,
key in the integral function, limits of integration, integrand, and
variable of integration.

() @oDES) 4
(2)(EQuATIon)
@D®2®)

@OID2®E®X

E Ewp(37]

[ 270 [ FiX [ 301 [ EWG [3VHs[EEER]
Calculate the numeric approximation. (The calculation takes several
seconds.)

(@) (Num) 1: 16. 4526
(270 [Fiii o 3ol | ENG [ it e[EEEPs]

Press ' &ii: to return to Standard display format.

(In the previous example, you used a Taylor’s polynomial to
approximate the same integral symbolically for Y near 0. Evaluating
that integral for Y = 2 (not near 0) returns the inaccurate result

7.87.)

Example: Calculate Si(2 degrees), where Si(t) is the sine integral
(sometimes used in communications theory)

t .
, sin z
Sl(t)_/o - dz

Because the integrand (sinz)/z is a purely mathematical expression
containing no empirically-derived constants, the only constraint on its
accuracy 1s the round-off error introduced by the calculator. It is,
therefore, at least analytically reasonable to specify an accuracy factor

of 1 x 10~11,

Set the angle mode to Degrees. Set the display mode to Standard.
Key in the integral function, limits of integration, integrand, and
variable of integration.

() (RAD) (if necessary)
(«)(MODES) &1  (if necessary)

(S)(EQUATION)
@032
DX ®EOX®®X

B di

JE SINCK)

@

[ ST ] Fiii | SCI | EMS [ £V s|EEEPa]
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Put the integral on the stack and make a copy to use later. Calculate
the integral.

@)GUW

Check the uncertainty of integration. The uncertainty is significant
only with respect to the last digit of the integral.

TERE f: 3,4984722PAIPE-7
l: 3. 49922336E 13

1: 3. 490422 ZH32E-2
[3T0 | Fli | 3cl | ENG [SVre[EEEPS]

Repeat the calculation for a larger tolerance—an accuracy factor of
0.001. Set the display mode to 3 Fix, move the expression to level 1,
then evaluate it.

(@ODES) 3 Fii
@@ @) EOLL
@M

Check the new uncertainty of integration. The second uncertainty is
much larger—but it’s still relatively small compared to the value of
the integral—and the calculation is faster.

Press ()(MODES) &7  to set Standard display mode.
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More about Integration

This section gives you some details about symbolic and numeric
integration.

How the HP 48 Does Symbolic Integration

The HP 48 does symbolic integration by pattern matching. The HP 48
can integrate:

m All the built-in functions whose antiderivatives are expressible in
terms of other built-in functions—for example, SIN is integrable
since its antiderivative COS is a built-in function. The arguments
for these functions must be linear.

m Sums, differences, and negations of built-in functions whose
antiderivatives are express1ble in terms of other built-in functions—
for example, ] #

m Derivatives of all the bullt in functlons—for example,
PTHWCL+ESZ 0 is integrable because it is the derivative of the
built-in function ATAN.

[ Polynomlals Whose base term is hnear—for example,

s mtegrable since ¥ is a linear term.

™2 s not mtegrable since ™2~ 1s not

linear.
m Selected patterns composed of functions whose antiderivatives
are expressible in terms of other built-in functions—for example,

{ TR

17008 STHOH 3" returns 'LHCTARCHD '

The Accuracy Factor and the Uncertainty of
Integration

Numeric integration calculates the integral of a function f(z) by
computing a weighted average of the function’s values at many values
of z (sample points) within the interval of integration. The accuracy
of the result depends on the number of sample points considered;
generally, the more the sample points, the greater the accuracy. There
are two reasons why you might want to limit the accuracy of the
integral:

m The length of time to calculate the integral increases as the number
of sample points increases.
m There are inherent inaccuracies in each calculated value of f(z):
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o Experimentally derived constants in f(z) may be inaccurate.
For example, if f(z) contains experimentally derived constants
that are accurate to only two decimal places, it is of little value
to calculate the integral to the full (12-digit) precision of the
calculator.

o If f(z) models a physical system, there may be inaccuracies in the
model.

o The calculator itself introduces round-off error into each
computation of f(z).

To indirectly limit the accuracy of the integral, you specify the
accuracy factor of the integrand f(z), defined as:

true value of f(z) — computed value of f(z)

23§

accuracy factor <

computed value of f(z)

The accuracy factor is your estimation in decimal form of the error

in each computed value of f(z). You specify the accuracy factor by
setting the Display mode to n Fix. For example, if you set the display
mode to 2 Fix, the accuracy factor is 0.01, or 1%. If you set the
display mode to 5 Fix, the accuracy factor is 0.00001, or .001%.

The accuracy factor is related to the uncertainty of integration (a
measurement of the accuracy of the integral) by:

uncertainty of integration < accuracy factor x / |f(z)|dz
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The striped area is the value of the integral. The dotted area is the
value of the uncertainty of integration. You can see that at any point
z, the uncertainty of integration is proportional to f(z).

The numeric integration algorithm uses an iterative method, doubling
the number of sample points in each successive iteration. When the
algorithm stops, the current value of the integral is returned to level
1, and the uncertainty of integration is stored in the variable IERR.
The error in the final value will almost certainly be less than the
uncertainty of integration.
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Time, Alarms, and Date Arithmetic

The Time application gives you a system clock
that shows the current date and time. You can
set alarms that either display messages or perform
other actions you specify. You can also make time
and date calculations.

Using the Clock (Date and Time)

When you display the clock, it appears in the upper-right corner of the
display. It shows the current date and time in your choice of formats,
shown in the table below. The formats also determine the way you
enter dates and times in the command line. The following table
illustrates how the clock shows 4:31 PM on February 21, 1992.

Format Command-Line
Month/day/year format P 4
Day.month.year format 21.82199z
12-hour format 4.52184
24-hour format 1, 316
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Displaying the Date and Time

To display the date and time:

m To display them temporarily, press ()(TIME).
m To display them permanently, press («q)(MODES) LLE . (To
remove the permanent display, press | TLE again.)

The date and time are always displayed while the TIME menu is
active.

To change the date or time format:

1. Press (q)(TIME) =ET

2. Set the format:
m To change the date format between month/day/year and
day.month.year, press B[
m To change the time format between 12-hour (aM and PM) and
24-hour, press i Z-24.

Setting the Date and Time

To set the date:

1. Press (&q)(TIME) SET

2. Enter the date number in the command line using the current date
format (month/day/year or day.month.year)—see the previous
table.

3. Press #DHT .

To set the time:

1. Press (&)(TIME) . EET .

2. Enter the time number in the command line using the current time
format (12- hour or 24-hour)—see the previous table.

3. Press =

4. To change the time between AM and PM, press

Example: Set the date and time to 10:08 aAmM, April 20, 1992—or to
the current date and time, if you want.
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Get the TIME SET menu. (Make sure 12-hour and month/day/year
formats are active.) Then set the date and time.

-CLR
@ HET 1 HOME 3 04/20/88 10:0B:43R
‘w24 (if necessary) g
b (if necessary) 5
10.08 =71 1H 1:
4.201992 =0:HT [*TIM [ASPR (1Y) MeD |

Note the new date and time in the status area.

To adjust the time:

1. Press («)(TIME) HEIET.

2. Enter the number of hours minutes, or seconds to add or subtract
from the current time (a positive number).

3. Press the “+” or “—” menu key for the unit and direction of the
adjustment.

Example: To change standard time to daylight-saving time (1 hour
later), press () (TIME) AEILET 1 HE+
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Summary of Date and Time Operations

The TIME Menu—Clock Operations

Programmable
Command

Description

#T1H

—TIME

Sets the number in level 1 as the
current date. The allowable range is
January 1, 1989 to December 31, 2088.
Sets the number in level 1 as the
current time. For 12-hour format, you
can enter a 24-hour time number.
Switches the clock setting between AM
and PM. Adjusts the time for 24-hour
format.

Switches between 12-hour and 24-hour
format.

Switches between month/day/year and
day.month.year format.

(W) A

HE#

CLKADJ

Increments the time by one hour.
Decrements the time by one hour.
Increments the time by one minute.
Decrements the time by one minute.
Increments the time by one second.
Decrements the time by one second.

Adds the specified number of clock ticks
(positive or negative) to the time, where
8192 clock ticks equals 1 second. Use
CLKADJ to change the calculator clock
in a program.
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Setting Alarms

You can set two types of alarms, which perform different actions when
they come due:

m Appointment alarm. It displays the message you specified when
you set the alarm. It also sounds a sequence of beeps for about 15
seconds—or until you press a key. You’re expected to acknowledge
an appointment alarm after it comes due.

m Control alarm. It executes the program or other object you specified
when you set the alarm—no other action occurs. You don’t
acknowledge a control alarm.

When you set an alarm, it’s saved in the system alarm list. You can

review and edit alarms using the Alarm Catalog.

To see the next alarm due:

m Press (&q)(TIME).

or

m Press ()(REVIEW) in the TIME menu.

Using Appointment Alarms

You can set an appointment alarm to display a message. If an event
repeats periodically, you can specify a repeat interval.

To set an appointment alarm:

1. Press (&)(TIME) HLERM .

2. If the alarm isn’t for today key in the alarm date using the current
date format, then press i

3. Key in the alarm time using the current time format, then press
STIHE.

4. To change the alarm time between AM and PM, press H-FH .

5. Optional: Key in a message (with " " delimiters), then press
EREL .

6. Optional: To make the alarm repeat at certain intervals, press

EFT key in the number of weeks, days, hours, minutes, or

seconds, and press the menu key for the time unit—or press
HEHE  to not repeat.

7. Press | ZET  to set the alarm (and show the next due alarm).
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Example: Appointment Alarm. Set an alarm for 9:00 AM on May 18,
1992, the time your report is due.

Set the alarm date and time.

E')Sng. 5_2:2 __:Ti { HOME ¥ oY/80./98 190:10:42R
9 STTHE Enter _alarm Eress SET
213HE MON B5-18-9% B9:B@: BEA
- DHTEL-TIME|A/PM] EXEL | KT | ZET |

Enter an alarm message.

(? REPORT DUE TODAY {RREME } o4/20./92 10:11:56R
e Enter alarm Eress SET
B5-18-92 §9: B: BEA

REPDRT DUE TODARY
[: BHTEL: TIHE[/PH] EHEC | RPT [ SET |

Set the alarm. The next due alarm is displayed.

i
I

T { HOME } 04/20/92 10:13:51R
Mewt alarm:

MON B5-18-9¢ H9:B8:B8A
REPORT DUE TODAY

[ SET JACOJSTIALEM] ACE [RCKA] CHT |

Example: Repeating Appointment Alarm. Set a repeating alarm for
a weekly staff meeting on Fridays at 10:30 AM, beginning May 8, 1992.

Set the alarm time, date, and message.

%JS' !_::!LTFIEM { HOME } 04/20/92 10:15:13R
10.30 STTHE Enter alarm press SET
30 SR FRI 95/08 ~92 18:38: BEA
@) STAFF MTG STHFF M
EHED
‘ [-UHTEL TIME[ /P ] EREC | RPT | ZET ]
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Set the repeat interval to 1 week.

S
E_

1 T i HOME } 04,/20/92 10: 15 07R

Enter _alarm, press SET
FR] BS/B xaé 10+ 30: AEA
STAFF M

Rpt=1 ueek(s)

[:DATE[: TIME[ AP [ EXEC [ KPT | ZET |

Set the alarm. The next due alarm is displayed.

IT1 --|

{ HOME } 04/20,/92 10:17:35R

Mewt alarm:

FEI A5-H3-92 18:38:68A
STAFF MTG

Ept=1 weekis)
[HOJET[RLER ] RCE [RCER | CAT |

To respond to an appointment alarm:

m During the beeps, press any key, such as (ATTN).

or
[ After the beeps stop, press (|q)(TIME) to see the message, then press
(You can then press (ATTN) to return to the stack.)

When an appointment alarm comes due, the (+) annunciator turns
on, the beeper sounds at short intervals for about 15 seconds, and the
alarm message is displayed. If you press a key during the beeps, the
alarm is acknowledged and deleted.

If you don’t acknowledge an alarm during the beeps, the beeper stops
and the message is cleared from the display. A repeating alarm is
normally deleted automatically and rescheduled. A nonrepeating
alarm becomes “past due,” but not deleted—the () annunciator
remains on to show you have a past-due alarm to respond to.

If you have several past-due alarms, you see the oldest one when you
press (&)(TIME). Each time you press FH:k | the next oldest one is
displayed. The () annunciator turns off when no past-due alarms
remain.

To acknowledge all past-due alarms at once:

m Press HiEH in the TIME menu.
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To stop a repeating alarm:

m See “Stopping Repeating Alarms” on page 24-9.

To save or not save nonrepeating alarms you acknowledge:

m To delete alarms when they’re acknowledged, press 44

(@) (@oDES) e
m To save alarms when they’re acknowledged, press 44

() (MODES) (XD)  5F

Normally, a nonrepeating appointment alarm is deleted when you
acknowledge it. Set system flag —44 to save it instead. However,
having more than 20 past-due alarms may affect calculator
performance—so it’s a good idea to manage the number of alarms in
the system alarm list. (Past-due repeating alarms are never saved.)

To change the way repeating alarms work:

m To automatically delete and reschedule them, press 43

(@)(MODES) (WD)~ EF
m To make them past-due and not reschedule them, press 43

@) (MODES) @XD) ~ &F

Normally, a repeating appointment alarm is automatically deleted
and rescheduled. Set system flag —43 to change that behavior—the
repeating alarm becomes past-due, and it isn’t rescheduled until after
you acknowledge it.

To control the alarm beeper:
m To enable the alarm beeper, press 57 (2»)(MODES)

Normally, the alarm beeper sounds when an appointment comes due.
Set system flag —57 to keep the beeper from sounding.
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Using Control Alarms

You can set a control alarm to execute a program or other object. If
you want to execute the object periodically, you can make the alarm
repeat at a specified interval.

To set a control alarm:

1. Press (&)(TIME)  Hl

2. If the alarm isn’t for today, key in the alarm date using the current
date format, then press @ LHTE.
3. Key in the alarm time using the current time format, then press
FRIlHE. 24
4. To change the alarm time between AM and PM, press H.:EH
5. Enter the object or name to be executed, then press EHED .
6. Optional: To make the alarm repeat at certain intervals, press
EET | key in the number of weeks, days, hours, minutes, or
seconds and press the menu key for the time unit—or press
iiilE  to not repeat.
7. Press ZET  to set the control alarm.

You don’t acknowledge a control alarm when it comes due—it’s
automatically considered to be acknowledged. Any control alarm
(nonrepeating or repeating) that comes due is always saved in the
system alarm list. Flags —43 and —44, which affect appointment
alarms, have no effect on control alarms.

When a control alarm comes due, a copy of the alarm indez is
returned to level 1, then the specified object is executed. The

alarm index 1s a real number that identifies the alarm based on its
chronological order in the system alarm list—you can use it with
programmable alarm commands, as described under “Using Alarms in
Programs” on page 24-15.

To stop a repeating alarm, see the next topic.

Stopping Repeating Alarms

apneating alarm:

1. Press (&)(TIME) . EHT  to get the Alarm Catalog.
2. Press (A) and (¥) as required to move the ¥ pointer to the alarm
you want to delete.
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3. Press EliED .
4. Press (ATTN).

The Alarm Catalog is described under “Reviewing and Editing
Alarms” on page 24-12.

To recover from a short-interval repeating alarm:

m Press the and (&) keys simultaneously, then release them.

It’s possible for a repeating alarm to have a short enough repeat
interval that it reschedules and executes faster than you can delete it
from the alarm list. This may occur if you mistakenly set a repeating
appointment alarm for a very short interval. It may also occur in the
case of a control alarm that executes a program to take measurements
at short intervals.

The (ON}-(3a) keystroke sets a state in the calculator that cancels the
rescheduling of the nezt due alarm (presumably the short-interval
repeat alarm). When that alarm comes due—or when you press
the next key—the special “no-reschedule” state of the calculator is
canceled so future alarms aren’t affected. Because pressing a key
cancels the “no-reschedule” state, you should wait until the alarm
comes due before pressing any keys.

To restart the short-interval repeat alarm at a future time, use the
Alarm Catalog to edit the repeating alarm and set a new starting
time. See the next topic for details.
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Summary of Alarm Operations

The TIME Menus—Alarm Operations

Key Programmable Description
Command
(«)(TIME):
HLEHN Selects the ALRM menu for entering an

alarm. The ALRM menu also contains
commands for using alarms in

programs.
ACK Acknowledges the oldest past-due

alarm.
HLEH ACKALL Acknowledges all past-due alarms.

Selects the Alarm Catalog for reviewing
and editing existing alarms.

G (page 1)

Sets the number in level 1 as the alarm
date. If the year digits are zero, the
current year is used.

STIHE Sets the number in level 1 as the alarm
time.

Bk Switches the alarm time between AM
and PM.

Stores the object in level 1 as the alarm
execution action. If the object is a
string, the alarm is treated as an
appointment alarm, displaying the
contents of the string as the alarm
message. If the object is not a string,
the alarm is a control alarm, and the
object is executed when the alarm
comes due. () EHEL recalls the
current object to the stack.)

BRI Selects the RPT menu for setting a
repeat interval.
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The TIME Menus—Alarm Operations (continued)

Key Programmable Description
Command
=BT Sets the alarm currently being
constructed, and saves it in the system
alarm list.

g

Sets the repeat interval to the number
of weeks, days, hours, minutes, or
seconds specified in level 1.

Cancels the repeat interval.

Reviewing and Editing Alarms

You can review, edit, and delete future and past-due alarms in the
Alarm Catalog. The Alarm Catalog is a special environment where
the keyboard is redefined and limited to special operations.

To get the Alarm Catalog:
in the TIME menu.

or
m Press ()(TIME) (righi-shift).

The Alarm Catalog displays the system alarm list with the ¥ pointer
at the next alarm due. (If there are no alarms in the list, the message
Emptu catalog appears.)

To work with an alarm in the Alarm Catalog:

1. Press (A) and (V) as required to move the pointer to the alarm you
want to use.

2. Perform the operation:
m To delete the alarm, press FlIFED .
m To view the alarm information, press %
m To change the alarm information, press , then update and

set the alarm as described under “Setting Alarms” on pages 24-5
and 24-9.
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When you press ELIT | the selected alarm is removed from the
alarm list—it’s not returned there until you press #ET . It is,
however, saved in a reserved variable ALRMDAT untll you press

To exit the Alarm Catalog:
m Press (ATTN).

Example: Change the alarm for the staff meeting in the previous
example from 10:30 AM to 9:30 AM on the same day.

Select the alarm catalog.

@D -

04/20/92 10:18:20R

16: 380 STAFF M...
B9: B8R REPORT .

[PURG [ [ERECE] EMIT [+2TH] WEW |
Move the pointer to the 10:30 alarm. (The position of the alarm in
the catalog may vary depending on the specific dates you’ve used in
previous examples.)

(&) or (¥) (as required)

1 _HOME } 04/20/98 10:20:344
MOS-B8 18:300 STAFF I"I...
B5-18 @9:86A REPORT .

i HOME } 04/20/92 10:21:38R

FRI H3-H3-92 18:36:B868R
STHFE MTG

RBpt=1 weekis)
[PURG |  [EXECE] EDIT [#2TH] WIEK |
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Start editing the alarm.

pr

2o

i HOME } 04/20/92 10:22:30A

Fnter_alarm, press SET
FRI BSfaafaé

STAFF M

Rpt=1 ueek(s)

[+ DHTE[-TIME[W,/PH[EXEC [ KPT | ZET |

18: 36: BEA

Set the new alarm time. The next due alarm is displayed.

9.30 & 1

IHE =ET

{ HOME } 04/20/92 10:26:07R
Mewt alarm:

FRI H5-H3-97 H9:38:BAA
STAFF MTG

Bpt=1 week(s)
HJET[RLEM [ ACK [RckR | CAT |

The following table and illustration summarize the operations
available in the Alarm Catalog.

Operations in the Alarm Catalog

Key Description
FLEL Deletes the selected alarm from the alarm list.
ERELE Switches between displaying the date and time of each
alarm entry and displaying the alarm execution object
only.
BRIl Deletes the selected alarm from the system alarm list

for editing and exits the catalog.

Copies the selected alarm to the stack.
IR Views all information about the selected alarm.

Moves the catalog pointer up or down 