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The Hewlett-Packard
calculator you've just
purchased will serve you RPN SCENTFC
faithfully for many years. | ; ;
Whether you're a student 3 ,
or a seasoned professional, | ee———. FRSS
your HP calculator will | e
help you solve the tough | = : o o
problems your work | = T

demands.

[ sacicans

The Perfect Complement
to a New HP Calculator

HP’s Step-by-Step solutions
books are the closest thing

to having a custom

calculator at your fingertips.
These handy books offer a
variety of examples and
keystroke procedures to help
you set up your calculations the
way you need them.

Specific to a wide range of
topics within science and
engineering, these books will
help you with precisely the
problems you need to solve.

For the HP-22S: For the HP-32S:

Science Student Applications  $9.95  Engineering Applications $9.95

(00022-90034) (00032-90057)

B Solve mathematical problems in ® Solve problems in electrical
algebra, trigonometry and linear engineering: reactance chart,
algebra. impedence of a ladder network,

B Perform common calculations in parallel RLC impedepce, watts to
calculus and analytic geometry. Db CONVETSION, and impedence

® Learn methods for solving matching, ) ) )
problems in physics, chemistry, B Perform mechanical engineering
thermodynamics, statics and calculations: black body radiation,
dynamics, and electrical conduit flow, equations of motion,
fundamentals. I-beam section properties and

B Learn advanced equation-writing Soderbergs. e.quatl(.)n.
techniques. ® Calculate civil engineering
problems including Mohr’s circle for
stress, simple supported beams and
field angle traverse.
® Perform statistics calculations of
Chi-square, T statistics,
F distribution and analysis of
variance.



Elegant Leather Cases

Protect your new HP-22S or HP-32S in style with a handsome
leather case.

Black (HP 92169K) $19.00
Brown (HP 92169L) $19.00
Burgundy (HP 92169M)  $19.00

Owner’s Manuals

Each HP calculator comes with an owner’s manual. Additional
manuals may be ordered separately as well.

Manuals for HP calculators are also available in a variety of
languages. Contact your HP dealer or local HP sales office for more
information.

For More Information

For additional information on calculator accessories and a
demonstration of Hewlett-Packard professional calculators or
handheld computers, visit your nearest HP dealer. For the location
and number of the dealer nearest you, call toll-free 1-800-752-0900.

How To Order

To order items your local dealer does not carry, call toll-free
1-800-538-8787. Please refer to Call Code P180 when ordering.
MasterCard, Visa and American Express cards are welcome.

> N ___lligr=ral
MasterCard VISA e % o
W .. |

All prices are suggested U.S. list and are subject to change without notice.

A cadiano



Help Us Help You!

By taking a moment to fill out this card, you can help HP to better
understand your needs. Please read all questions first, then fill them
out. Thank you.

HELP US HELP YOU!

Model: HP-22S  Date acquired

Name

Address

City, State, Zip

Age Phone ( ) Business ___ or Home ___
1. What is your POSITION OR OCCUPATION? (Please check only one)

101 [] Student 105 ] Top Manager 109 [] Independent, self-employed

102 [] Educator, Researcher 106 [_] Owner, Principal, VP 110 [] Retired
103 [] Professional Staff 107 (] Field Agent, Rep 111 [] Other

104 ] Middle Manager 108 [] Technician

2. What is your AREA OF ACTIVITY or FIELD OF WORK/STUDY? (Please check only one)
201 ] Mechanical Engineering 209 [ ] Purchasing, Scheduling, Inventory Cntrl.
202 [] Civil Engineering 210 [] Accounting, Auditing

203 [] Electrical Engineering 211 []Finance, Investment Analysis

204 [] Chemical Engineering 212 ] General Administration/Management
205(] Other Engineering 213 ] Marketing

206 [] Surveying 214 ] Sales

207 [] Data Processing 215 ] Customer Service, Maintenance
208 [] Quality Control 216 [] Other

3. In what INDUSTRY do you work? (Skip if Student or Retired. Please check only one)
301 [] Education 310 [] Chemical, Refining

302 [] Banking, Finance, Investment 311 ] Agriculture, Forestry, Livestock
303 [] Insurance 312 ] Food Processing/Distribution

304 ] Real Estate 313 [] Manufacturing Industrial Goods

305 ] Business/Consulting Services 314 [] Manufacturing Consumer Goods
306 [] Technical Consulting 315 [] Transportation

307 [] Software, Computer Services 316 (] Communication, Utilities

308 [] Construction, Architectural 317 [] Public Admin./Government/Military
309 [] Mining, Oil Drilling, Exploration 318 [] Other

4. Where did your purchase your HP calculator? (Please check only one)

401 ] Retail Computer Store 407 [] Mail Order

402 [] Office Equipment Store 408 [] Specialty Store

403 [] Bookstore 409 [] Purchased by Company/School
404 ] Department Store 410 [] Directly from HP

406 [] Catalog Store 411 ] Other

5. How did you first hear about this model?

501 ] Previous HP Owner 505 [] Direct Mail

502 [] Advice of Friends, Collegues, Professor 506 "] Salesperson
503 [] Magazine or Newspaper Advertising 507 [] Brochure or In Store Literature
504 [] Press Articles 508 [] Other
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Comments on the HP-22S
Owner’s Manual

We welcome your evaluation of this manual. Your comments and
suggestions help us improve our publications.

HP-22S Owner’s Manual

Printing date of the manual (from the title page)

Please circle a response for each of the statements below. You can use
the Comments space to provide additional opinions.

1=Strongly Agree  4=Disagree

2=Agree 5=Strongly Disagree

3=Neutral

® The manual is well organized. 12 3 45
® | can find the information | want. 12 3 45
® The information in the manual is accurate. 12 3 45
B | can easily understand the instructions. 1 2 3 45
® The manual contains enough examples. 1 2 3 45
® The examples are appropriate and helpful. 1 2 3 45
® The layout and format are attractive and useful. 1 2 3 45
® The illustrations are clear and helpful. 12 3 45
® The manual length is: too long appropriate too short.
® The chapter(s) and appendixes | refer to most frequently are:

1 2 3 4 5 6 7 8 A B C

Comments:

Name:
Address:
City/State/Zip:
Occupation:
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Notice
For warranty and regulatory information, see pages 150 and 153.

This manual and any keystroke programs contained herein are pro-
vided “as is” and are subject to change without notice. Hewlett-
Packard Company makes no warranty of any kind with regard to
this manual or the keystroke programs contained herein, includ-
ing, but not limited to, the implied warranties of merchantability
and fitness for a particular purpose. Hewlett-Packard Co. shall not
be liable for any errors or for incidental or consequential damages in
connection with the furnishing, performance, or use of this manual or
the keystroke programs contained herein.

© Hewlett-Packard Co. 1988. All rights reserved. Reproduction, ad-
aptation, or translation of this manual, including any programs, is

prohibited without prior written permission of Hewlett-Packard Com-
pany, except as allowed under the copyright laws. Hewlett-Packard
Company grants you the right to use any program contained in this
manual in this calculator.

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

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

Printing History

Edition 1 March 1988 Mfg. No. 00022-90016



Welcome to the HP-22S

Your HP-22S reflects the superior quality and attention to detail in
engineering and manufacturing that have distinguished Hewlett-
Packard products for more than 40 years. Hewlett-Packard stands
behind this calculator: we offer expertise to support its use (see inside
the back cover), accessories, and worldwide service.

Hewlett-Packard Quality

Our calculators are made to excel, to last, and to be easy to use.

B This calculator is designed to withstand the usual drops, vibrations,
pollutants (smog, ozone), temperature extremes, and humidity vari-
ations that it may encounter in normal, everyday use.

B The calculator and its manual have been designed and tested for
ease of use. We use spiral binding to let the manual stay open to
any page, and we include many examples to highlight the varied
uses of this calculator.

B Advanced materials and permanent, molded key-lettering provide a
long keyboard life and a positive feel to the keyboard.

B CMOS (low-power) electronics and the liquid-crystal display allow
the HP-22S to retain data while it is off, and let the batteries last a
long time.

® The microprocessor has been optimized for fast and reliable com-
putations. The calculator uses 15 digits internally for precise results.

B Extensive research has created a design that has minimized the ad-
verse effects of static electricity—a potential cause of malfunctions
and data loss in calculators.

Welcome to the HP-22S 3



Features

The HP-22S'’s features reflect the needs and wishes we solicited from
customers:

B A 12-character, alphanumeric display that provides you with a va-

4

riety of information—messages, prompts, labels, and, of course,
numbers.

Menus that greatly expand the number of functions available and
make them easy to find.

A broad range of numeric functions, including coordinate, base,
and unit conversions.

The [EVAL] and [SOLVE] functions, which allow you to compute the
value of any variable in an equation.

A library of built-in equations, and an equation list that lets you
store your own equations.

Statistical functions, including mean, standard deviation, weighted
mean, and linear regression and estimation.

Twenty-six storage registers, and enough memory to store statistical
data and your own equations.

Welcome to the HP-22S
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How to Use This Manual

The HP-22S is designed to minimize your need to use the manual. In
fact, we’ve written the manual to help you learn about the calculator
by using it.

We have some suggestions for using the manual effectively:

B Read chapter 1 for an overview of how the HP-22S works. It intro-
duces terms and concepts used throughout the manual.

B There are several ways to locate information: the table of contents,
the subject index, and function index.

B Browse through the examples in chapters 7 and 8. You may see a
keystroke example you can use. Just as important, you may find
some ideas for putting the HP-22S to work for you.

How to Use This Manual 11



Getting Started

Power On and Off

The HP-22S is powered by three alkaline batteries. The calculator is
shipped with batteries installed.

To turn on the calculator, press [C] (the key above the “ON” label). To
turn the calculator off, press the @ (shift) key, then (also written
B(OFF)). Since the calculator has Continuous Memory, turning it off
does not affect the information you’ve stored. To conserve energy, the
calculator turns itself off approximately 10 minutes after you stop us-
ing it.

Under most conditions, the calculator’s batteries last well over a year.
If you see the low-battery symbol (§2]) in the display, replace the
batteries as soon as possible. See appendix A for instructions.

The Display Contrast
To change the display contrast, hold down and press [+] or [=].

Simple Calculations

This section introduces simple arithmetic calculations. See chapter 2
for additional information.

If you make a typing mistake, press [¢] to backspace to the wrong
character.

12 1: Getting Started



Arithmetic Operators. The following examples demonstrate using
the arithmetic operators—(+], (=], [x], (], and [¥*] (exponentiation).

Keys: Display: Description:
24.715 62.471 (=] 87.18608 Adds 24.715 and
62.471.

When a calculation has been completed (by pressing [=]), pressing a
number key starts a new calculation.

19 12.68 (=) 2409200 Calculates 19 x 12.68.
(*] displays the exponentiation operator, ~.

4.7 () 3 ~ 3 (] displays .

= 183.8230 Calculates 4.73,

If you press an operator key after completing a calculation, the cal-
culation is continued:

115.5 + 1155 Continues the
calculation.

= 2193230 Completes the
calculation.

You can do “chain” calculations without using =] after each step.

6.9 [x] 5.35 369158+ Pressing [+] displays
the intermediate
answer.

918 + 8918 Continues the
calculation.

(=) 40,2124 Completes the
calculation.

1: Getting Started 13



Chain calculations are interpreted according to the priority of the op-
erators in the expression (see page 000 for more information).

4 9 [x] 9.0000x%

3 (=] 21.0000

The addition is de-
layed; (x] has higher
priority than [+].

Calculates 4 + (9 X
3).

Negative Numbers. There are two ways to key in a negative

number:

® Key in the number and press [*4].

® If the number follows an operator, you can press or (-] before

keying in the number.

Keys: Display:

Calculate —75 + 3:

75 -75

3(=] -25.0000
Calculate 4.52 x —7.1 + 12:

452 [x][=] 7.1 *x-7.1

(=] -32.08920+
12 (=] -2.6743

Calculate 4 — e~ 11

4[] 1.1 --1.1
-8.3329
(=] 0.8671

14 1: Getting Started

Description:

Changes the sign of
75.

(=] after (x] changes the
sign of 7.1.

452 x —7.1.

Completes the
calculation.

Calculates e~ 1.1,

Completes the
calculation.



Understanding the Display and Keyboard

The Cursor

The cursor (_) is visible during digit entry—that is, when you are in
the process of keying in a number. The cursor is also visible when
you are keying in an equation. (Entering equations is introduced later
in this chapter.)

Correcting and Clearing the Display ([¢] and [C))

When the cursor is on, or when you've just keyed in an operator, (€]
deletes the last character you keyed in. Otherwise, (€] clears the entire
number.

During digit entry, clears the number you are keying in. Other-
wise, clears the display of its current contents and cancels the
current calculation.

Clearing Messages and Menus. [¢]and [C] also clear messages and
menus:

B When the HP-22S is displaying a message, (€] or [C] clears the mes-
sage and restores the original contents of the display.

B When the HP-22S is displaying a menu, (4] or [C] cancels the
menu. In multilevel menus, (€] backs out one level at a time, while
cancels all menus and restores the original display. (See “Menus
and Pointers” on page 16.)

1: Getting Started 15



Annunciators

The annunciators indicate the current status of the calculator.

(v], @(a) Shift () is  Use Angular Number base
are active active (this to store data mode, RAD mode (page
(pages 28, page) (page 21) or GRAD 54)
74) (page 45)‘/

l INPUT GRAD HEX OCT BIN
More charac- Keys will dis-  Attention! Low batter- More charac-
ters to left play letters (page 28) ies (page ters to right
(page 74) A-Z (page 142) (page 74)

2

The [ (Shift) Key

Most keys have a second function printed above the key. The shift
key accesses these operations. To do a “shifted” operation, press and
release [ to turn on the shift annunciator (__4). Then, press the key.
For example, pressing [ followed by (also written [ OFF]) turns
the calculator off.

If you accidentally press [, press @ again to turn off the shift
annunciator.

Menus and Pointers
The HP-22S uses menus to extend the functionality of the keyboard.

For example, pressing (Disp] displays the DISP (display format)
menu.

16 1: Getting Started



e = B OFLL e Menu abeis
¥ Y Y ¥ }<«—— Menu pointers

10~ % % CHG z-

[;] [ex] [L::] [;x] [1/x] L?j+] <— Reassigned keys

Fix number of Engineering
decimal places notation

Scientific Display all
notation decimal places

The menu labels describe new, temporary assignments for keys on the
top row of the keyboard. The menu pointers indicate which keys are
currently reassigned. When the HP-22S is displaying a menu, it is

waiting for you to select one of the menu options by pressing one of
the reassigned keys. The manual uses curly braces to indicate keys
reassigned by menus. For example, the DISP menu reassigns to
{FX} (FIX).

The following table lists the HP-22S menus. Notice that the keys
listed in the table are highlighted on the keyboard.

1: Getting Started 17



HP-22S Menus

I See
Keys Description chapter:

Statistics (summation statistics, mean, standard 5
deviation, linear regression) using the contents
of the statistics registers.

@ (ProB) Probability: factorial, combinations, 3
permutations.

@(unNiTS] Unit conversions: mass (kilograms/pounds), 3
temperature (°C/°F), length (centimeters/inches),
volume (liters/gallons).

8 (H~HMS] | Hours.Decimal hours/ 3
Hours.MinutesSeconds conversions.

@(o~RAD] | Degrees/radians conversions.

@(PARTS] | Number-altering functions: integer part, frac-
tional part, round, absolute value

Other Operations

@ (oispP] Display format: FIX, scientific, engineering, all 1
digits.

@(CLEAR] | Clear: variables, equations, all of memory, 1
statistics.

B (voDES Modes: angular (Degrees/Radians/Grads), deci- 1, 3
mal point and digit separator (period/comma).

 [E Memory: available memory, variables catalog. 1

8l (BASE] Base conversions: decimal, hexadecimal, octal, 4
and binary modes.

Multi-Level Menus. Some menus have more than one “level.” For
example, pressing §§(UniTS ] displays the UNITS (unit conversion)

menu:

M THMF L WOL
v v v

18 1: Getting Started




Each of the four keys in the UNITS menu displays another menu. For
example, pressing {L} displays the L (length) menu, which contains
the two length conversion functions:

Converts inches Converts centimeters
to centimeters to inches

The following menu map illustrates the UNITS menu and the menus
that “branch” from it.

| Number in Display I

BT

M TMP T VOL

I |
1

-KG -LB -°C -°F -CM ~IN =LTR -GAL

These keystrokes show how to convert 12.7 inches to centimeters:

Keys: Display: Description:

12.7 @(uniTs] M TMP L vOL Keys in the number,
displays the UNITS
menu.

{L} +CHM >IN Displays the length
menu.

{+CH} 32.2580 32.2580 centimeters is
equivalent to 12.7
inches.

1: Getting Started 19



Canceling Menus. Canceling a menu erases the current menu labels.
There are several ways to cancel menus:

B Menus are automatically canceled when you press a menu key to
execute a function.

B [¢] cancels the menu without executing a function. In multi-level
menus, (€] backs up one level at a time.

L] cancels the menu, regardless of what level it is at.

B Menus replace one another. For example, if you accidently press

@ MODES ] instead of M[UNITS], you can press M[UNITS | without first
canceling the MODES menu.

l Number in Display |

W(uNiTs]

I I
1 1 1 &

-KG -LB -°C -=°F -CM -IN =LTR -GAL

The Letter Keys and Variables

Most of the keys have a letter A through Z associated with them. Each
letter is the name of a calculator variable. The 26 variables are loca-
tions in calculator memory used to store and retrieve numbers.

Pressing (store) or (recall) turns on the A..Z annunciator to
let you know that the keys are using their letter assignments. For ex-
ample, 12 turns on the A..Z annunciator. Then, pressing
displays A=12.8008, indicating that 12 has been stored into variable
A. This series of keystrokes is written as 12 A.

Storing and retrieving numbers using variables is covered in more de-
tail in chapter 2. Using variables with [(EVAL] and [SOLVE] is covered in
chapter 6.

20 1: Getting Started



The [ INPUT ] Key
The key is used with:

B Two-number functions, to enter the first number (see “Two-Number
Functions,” below).

B Two-variable statistics, to enter the x-value (see page 61).

W [EVAL] and [SOLVE], to enter equations and store values into vari-
ables (see page 73).

Introduction to the Math Functions

Many of the math functions are visible on the keyboard. Menus in-
crease the number of available functions. Chapter 3 describes the
numeric functions in more detail.

One-Number Functions. Math functions involving one number use
the number you most recently keyed in.

Keys: Display: Description:

89.25 9.4472 Calculates /89.25 .

3.57 2.36 +0.4237 Calculates V2.36.

=] 39937 Completes the
calculation.

180 @B(D+~RAD Converts 180° to

{+RAD} 31416 radians.

Two-Number Functions. When a function requires two numbers,
they are entered by the keystrokes number; number,. Pressing
displays a colon to separate the two numbers.

1: Getting Started 21



Calculate the percent change between 17 and 29:

Keys: Display: Description:

17 17.00800: Enters number;.

29 1 29 Colon precedes
number,.

8(-CHG] 78,5882 Calculates the percent
change.

Calculate the number of combinations of 4 items taken 2 at a time:

4 [(INPUT] 2 ([ PROB] Calculates number of
{Cn,r} 6.0000 combinations.

Display Mode and Format of Numbers

When you turn on the HP-22S for the first time, numbers are dis-
played with four decimal places and a period as the decimal point.
The display format controls how numbers appear in the display.

Regardless of the current display format, each number is stored as a
signed, 12-digit mantissa with a signed, three-digit exponent.* For ex-
ample, pressing [li(~] in FIX 4 mode (4 decimal places) displays

3.1416. Internally, the number is stored as 3.14159265359 x 10000,

If a number doesn’t fit in the current display format, the displayed
number is rounded to fit.

* During complex internal calculations, the HP-22S uses 15-digit precision for intermediate
results.

22 1: Getting Started



Specifying the Number of Displayed Decimal Places

To specify (fix) the number of displayed decimal places:

1. Press @(DISP], then {FX}.

2. Key in the number of digits to the right of the decimal point. For

10 or 11 places, key in .0 or .1.

Description:

Displays 3 decimal
places.

Displays 10 decimal
places.

Restores 4 decimal

Keys: Display:

45.6 [x] .1256 (=)

@(oisP] {FX} 3 5727

@(oisP] {FX} .0 57273600000
@(oisp] {Fx} 4 57274

places.

When a number is too large or too small to be displayed in FIX for-
mat, it is displayed in scientific notation.

Scientific and Engineering Notation

Scientific and engineering notation express the number as a mantissa
multiplied by a power of 10. The letter E separates the exponent from
the mantissa.

Scientific Notation. Scientific notation uses a mantissa with one
digit to the left of the decimal point.

Digits after
decimal point  exponent
. K /

-1.23456789E-5
e

Sign of Power
of 10

A

Sign Mantissa
of

mantissa
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To specify scientific notation:

1. Press @(DisP], then {SC}.

2. Key in the number of digits to the right of the decimal point.*
For 10 or 11 places, key in .0 or .1.

Engineering Notation. Engineering notation expresses a number as
a mantissa with one, two, or three digits to the left of the decimal
point, multiplied by 10 raised to a power divisible evenly by 3.

Significant
digits after
first digit

Sign of Power of 10
exponent (multiples of 3)

[
-1234567890812E-12
N —

Sign Mantissa

of
mantissa

To specify engineering notation:

1. Press @(DisP], then {EN}.

2. Key in the number of significant digits after the first digit.* For
10 or 11 digits, key in .0 or .1.

* The maximum number of decimal places that can be displayed is 9. However, {SC} (or
{EN}) 10 or 11 retains the 10th and 11th digits when the {RN} (round) function is used.
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Keying in Numbers With Exponents. Regardless of the current dis-
play format, you can always key in a number as a mantissa followed
by an exponent:

1. Key in the mantissa. If the mantissa is negative, use to
change the sign.

2. Press [[(E] to start the exponent.
3. If the exponent is negative, press (=] or [fZ].
4. Key in the exponent.

Keys: Display: Description:
Calculate 4.78 x 1013 + 8 x 10%5:

478 B(E] 13 (=] 4,780BE13+

8@(E] 25 (=) 5.9750E-13 59750 x 1013,
Calculate —2.36 x 1015 x 12:

2.36 (LOBE) (515 (%) —2.832 x 1014,
12 (=] -2.8320E-14

Displaying All the Non-Zero Digits
To display numbers as precisely as possible, press @(DIsP] {ALL} .

Interchanging the Period and Comma

You can interchange the period and comma used as the decimal point
and digit separator. For example, one million can be displayed:

1,000,0006.0000 or 1.8068.080,0080

To change the decimal point and digit separator, press @[ MODES].
Specify the decimal point by pressing { .} or {,}.
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Showing Numbers (@[ sHow])

Viewing Ali 12 Digits. To temporarily view all 12 stored digits of
the number in the display, press # and then hold down [SHOW]. If the
12-digit version of the number fits in the display, the number is
shown. However, if the number doesn't fit, the 12 digits are shown
without the decimal point.

Keys: Display: Description:

10 (5] 7 (=] 1.4286

BB(sHow) 1.42857142857  Displays 12-digit
number.

1 (£] 80 (=] 8.8125

Bi(sHow] 125000000000 Displays the 12 digits.

Viewing Labels For Long Results. If a labeled number has too
many characters to fit in the display, the HP-22S briefly displays the
label, and then displays the value. Use @[SHOW] to view the label
again.

Keys: Display: Description:

B(oisP] {ALL}

10 (+] 30 (=) A A= Label displayed briefly.
3.33333333E-1 Value displayed.

333333333333 Shows all 12 digits.
A= Shows label again.

3.33333333E-1 Value displayed.
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Range of Numbers

The following illustration shows the range of numbers the HP-22S
can store. Underflow displays 0. Overflow displays a warning and the
largest positive or negative number possible.

Numbers the HP-22S can store

Overflow / Underflow\ Overflow
A A e, A A

y f

—9.99999999999 x 10499 9.99999999999 x 10499

—1 x 10749 0 1 x 107499

The MEM Function (J§( vEm])

Pressing @(MEM] displays the amount of unused calculator memory,
and lets you access the variables catalog. Press or (€] to erase the
message.

271 BYT MARLS

\
Available Displays variables
memory catalog

Available Memory

The HP-22S has 371 units, or bytes of memory available for your use.
If you attempt an operation that requires more memory than you cur-
rently have available, the HP-22S displays MEMORY FULL. You must
clear a portion of your previously stored information before proceed-
ing (see the next two sections).
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The VARS (Variables) Catalog

The {YARS} menu key displays a catalog of variables containing
non-zero values. Press (] or (4] to see the entire catalog. Press
to exit the catalog. (See page 40 for additional information.)

Clearing Portions of Memory

Pressing @[ CLEAR ] displays the CLEAR menu (except while viewing an
equation or the VARS catalog).

The CLEAR Menu

Key Description

{VAR} | Clears all variables. (Clearing individual variables is covered in
chapter 2.)

{EQ} Clears all equations and expressions you’ve entered into the list
of equations.

{ALL} | Clears everything you've stored in memory (variables, statistics
values, equations you've entered, and the number in the display).

{Z} Clears all the statistical registers.

Pressing {VAR}, {E@} or {ALL} displays a confirmation message:
CL VARS? ¥ N CL EGNS? ¥ N CLR ALL? ¥ N

{N} allows you to recover from what might otherwise be an unpleas-
ant mistake.

Messages and the Attention Annunciator

When you perform certain operations, the attention annunciator (4\)
comes on and the HP-22S displays a message. The attention annunci-
ator also comes on when you attempt an incorrect operation, and
when the calculator is ignoring an inappropriate keystroke. See page
173 for a list of messages and their meanings.
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Introduction to and [SOLVE |

lets you evaluate an algebraic expression, or evaluate an equa-
tion for a variable that appears by itself on the left side of the
equation. lets you solve an equation for any variable.

Writing and Entering an Equation

The equation for calculating the period of a simple pendulum (a pen-
dulum made from a very small object suspended by a very light

string) is:
T = 2x /L
8
where T = the period of the pendulum.
I = the length of the string.
g = the acceleration of gravity, 9.80665 meters/sec?.

The equation must be written in a form the HP-22S can interpret:

Equation functions
T=2XaXSART(L+G>

The following keystrokes enter the equation:

Keys: Display: Description:
EB(EQUATIONS] TYPE NEW EQN If the list of equations

already contains equa-
tions, press (V] until
the HP-22S displays
this message.

T T Use or to
type a letter.
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(=]2 T=2x1 “r” is a function; typ-
ing functions use the
same keys as math

calculations.
X G=] T=2XxaXSARTC types SART (.
L (=] G TXSART(L+G) Equation scrolls.
T=2XaXSART(L Enters the equation.

Evaluating an Equation

Example: Period of a Pendulum. Part 1: Calculate the period of a
pendulum 3 meters long.

Keys: Display: Description:
L?value Prompts for L and dis-
plays current value of
L.
3 L=3.0000 Stores L, prompts for
G?value G.
9.80665 G=9.8867 Stores G, calculates T
T=3.4752 (seconds).
Part 2: Calculate the period if the pendulum is lengthened to 4
meters.
L?3.0000 Prompts for L.
4 G?9.8067 Stores L, prompts for
G.
T=40128 Retains previous value

of G; calculates T.
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Solving an Equation

When the unknown is not by itself on the left side of the equation,

use [SOLVE]. Pressing @[ soLve] displays a menu of the equation’s
variables. Use the menu to select the unknown.

Example: Length of a Pendulum. What length must a pendulum
be to have a period of 8 seconds?

Keys: Display: Description:

GLT Menu for selecting the
unknown variable.

{L} T?4.8128 Selects L, prompts for
T.

8 G?9.8067 Stores T, prompts for
G.

L=15.8979 Retains previous value

of G, calculates L.*

*If the HP-22S displays SART(NEG)> instead of the answer, there was a negative value
stored in L before you started the calculation. Clear L (press 0 L) and start again.
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2

Arithmetic and Variables

Arithmetic Operators

The following keystrokes illustrate simple arithmetic operations:

Keys: Display: Description:
54.69 [+] 28.33 (=) 83.8260 Addition.
750 (x] 12 =] 9,600.0000 Multiplication; press-

ing a number key after
(=] starts a new
calculation.

(+] 360 (=] 25.0000 Division; pressing an
operator key after [=]
continues the
calculation.

5% 4 (=] 6£25.86000 Exponentiation.
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Chain Calculations

Chain calculations do a sequence of operations without pressing (=]
after each operation. The HP-22S interprets expressions using the sys-
tem of operator priority described in the next section.

Keys: Display: Description:

750 [x] 12 9,000.0000+ Calculates intermediate
value.

360 (=] 25.0000 Completes the
calculation.

Operator Priority

Some chain calculations might be interpreted several different ways.
For example, 9+12+3 has two interpretations:
12 9+12 _

9+—3“ or 3

7

The HP-225 uses a system of operator priority to evaluate expressions:

(*] (exponentiation) Highest priority
]
=] Lowest priority

The HP-22S calculates an intermediate result when the next operator
you key in has lower or equal priority. When the next operator has
higher priority, the HP-22S retains the previous number(s). For exam-
ple, the calculation:

9(+]12(x])3 (=]

is performed as 9 + (12 =+ 3) because division has higher priority
than addition.
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Keys: Display:
9(+x]12 (%] 120000+
3= 13,0000

Calculate 4 X 73 plus 5 x 72 plus 6.

4(x)7 %) 7.0000"

3 1,372.0000+
5[x] 5.00008x

7 [¥) 7.0000"

2 ~ 2
1,617.0000 +
6 (=) 1,623.0000

Description:

Pressing [+] does not
add 9 + 12.

(*] has higher priority
than [x].

Calculates 4 x 73.

(x] has higher priority
than [+].

(¥] has higher priority
than (+].

Adds 5 x 72 to 1,372.

Completes the
calculation.

If a calculation requires that operations be done in an order inconsis-
tent with operator priority (for example, addition before

multiplication), use parentheses.

Using Parentheses in Calculations

Use parentheses to group operations and to specify the order in which
they are performed.* For example, you can calculate:

9+ 12
3

by placing parentheses around the addition so that it is done before

the division:

* Closing parentheses at the end of the expression can be omitted. For example,
25+ (3x(9+12 [=] is equivalent to 25+¢(3x(9+12)>) [=].
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Keys:

@oxJ120)

BEE

Calculate 30

30 (=] ([
85

=

12

=]
[ 16.9
=)8 (]
(=)

85 — 12

Display:

21.0000

70000
X \169 — 8 :

+(
¢ 85

85.0000-
+73.0000

84118x%
(¢ 169

xX8.9000
x2.9833

1.2268

Description:

evaluates contents of
parentheses.

prevented division
of 30 by 85.

evaluates contents of
parentheses (85 — 12).

Calculates 30 = 73.

evaluates (16.9 — 8).
Calculates /8.9 .

Completes the
calculation.
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Reusing the Previous Result ([ LAST])

When you start a new calculation, a copy of the most recent result is
stored in the LAST register. To recall that value to the display, press
B(CAST]. For example, LAST shortens the following two calculations:

0821 x (18+273.1)

2 + 13
.0821 x (18 + 273.1)
Keys: Display: Description:
.0821 18 First result.
273.1 0] (=) 23.8993
2 13 B (LAST) +23.8993 B(LASTrecalls the pre-
vious result.
=) 25439 Second result.

Swapping the Displayed Number With the
Previous Number

B (swAP] exchanges the last two numbers you've keyed in during a
calculation. For example, if you've keyed in 44 (+] 75, [[SWAP] re-

verses the order of the numbers to 75 + 44. Pressing [l[SWAP ] again
restores 44 + 75.

Keys: Display: Description:

44 [£] 75 + 75 Oops! You meant to
key in 75 + 44.

B(swar] +44.0000 Swaps the 75 and 44.

=] 1.,7845 Completes the
calculation.
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8(+J4(=)5 + 5 Stop! You really want
to add 8 + %.

E(swar] +4.0000 Swaps the 5 and 4.

=] 9.2500 Completes the
calculation.

7xJ0Q6[=]9 -9 No! You meant 9 — 6!

W(swar] (=] 21,0000 Calculates 7 x (9 —
6).

An important use of @§[SwAP] is with functions that require two num-
bers separated by [INPUT]. For example, to accumulate x,y-data in the
statistics registers, you key in x-value y-value (2+]. Pressing

B(SwAP] (before you've pressed [2+]) exchanges x-value and y-value.

Variables (Registers)

The HP-22S has 26 registers, or “variables,” for storing and recalling
numbers. The variables are identified by the letters A through Z. (The
same 26 variables are used to enter, evaluate, and solve equations; see
chapter 6.)

Pressing or turns on the A..Z annunciator, indicating that
the keys are now using their letter assignments.

] letter stores a copy of the displayed number into the desig-
nated variable.* The number is copied with full precision (all 12
digits). The new value overwrites the previous contents of the
variable.

n letter copies the current value stored in the variable to the dis-
play.* The number is displayed in the current display format.

letter and letter display labeled values (for example,
A=1.2345), unless the store or recall is done in the middle of a cal-
culation (see the following example).

* During equation entry, letter and letter type the specified letter (see page 73).
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To cancel store or recall after you've pressed or [RCL], press [¢]

or (C].

The following keystrokes use variables A and B to calculate:

Keys:

271 35.6 (=)
A

]

1.0823 B

(RCL] A
() (RcL) B
=]

(27.1 + 35.6) x 1.0823

(27.1 + 35.6)1982
Display:

62,7800
A=62.7000

62.7000x

X1.8823

6786082+

+62.,7000
~1.8823

8.7699
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Description:

Stores 62.7 in A.

[x] erases the label and
continues the
calculation.

No label is displayed
when occurs in
the middle of a
calculation.

Numerator is
computed.

Recalls contents of A.
Recalls contents of B.

Exponentiation is done
before division.



Storage Arithmetic With Variables

These arithmetic operations can be performed on numbers stored in

variables.
Storage Arithmetic
Keys New Number in Variable
letter | Previous value + displayed number
(sTO](=] fetter | Previous value — displayed number
(STO](X] letter | Previous value x displayed number
letter | Previous value + displayed number

The following keystrokes use variables C and D to do two

calculations:

Keys:

1.097 C

[x] 25.6671 D
=]

C

(] 10 (s10] (+]
D

(RCL]) D

=]

1.097 x 25.6671
1.097 x 35.6671

Display:
C=1.8970
x25.6671
28.1568
C=1.8970
STO + _

X10.0000

x35.6671

39.1268

Description:

Stores 1.097 in C.
Stores 25.6671 in D.
First answer.

Recalls C.

Calculator awaits letter.
Adds 10 to D.

Contents of D replaces
10.0000.

Second answer.
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The VARS (Variables) Catalog

When you store a non-zero value in a variable, a portion of calculator
memory is allocated to the variable. The VARS catalog, which is
viewed by pressing [ll(MEM] {¥ARS}, lists all the allocated variables
and their values. Press [v] or ll(A] to “roll” through the entire catalog.
To cancel the catalog, press [C].

To use a variable directly from the catalog, press while the vari-
able is displayed.

Keys: Display: Description:
5 A A=5.0000 Stores 5 in A.

Calculate 9 X A:
9 [x] 9.0000X Start a calculation.

You want to verify the value of A before you use it in the calculation.

B(VEM] {VARS} A=5.0000 Displays A in catalog.
(RcL] (=] 45,0000 Calculates 9 x A.

Clearing Variables
Clearing variables sets them equal to 0.

Clearing Individual Variables. There are two ways to clear an indi-
vidual variable:

® Display the variable in the VARS catalog (see “The VARS Catalog,”
above) and press [ CLEAR].

B Store zero into the variable.

Clearing All Variables. To clear all the variables, press [ll[CLEAR] to
display the CLEAR menu, then {VAR} . Respond {Y} to the prompt.
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3

Numeric Functions

Many of the numeric functions are visible on the keyboard—for ex-

ample, (sine), M(LOG ] (base 10 logarithm). Others are in function
menus.

cnr  Pnr n! IP FP RN ABS

-HR -+HMS -DEG -RAD

asw Acos ATAN PROB

) () ) () () )

EQUAYIONS SWAP oise © CLEAR

\@@anac

LiBRARY EDfT PART:

TMP VOL | | |

DEC HX oC BN

-°C -°F -LTR -GAL

-KG -LB -CM =IN
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Functions require one or two arguments (an argument is a number
acted upon by a function):

B Functions with one argument act on the number in the display. For
example, 6 (Jz] calculates the square root of 6. A function cannot be
executed when the last character keyed in is an operator. For exam-
ple, you cannot key in 6 (+] and then press [Jz].

B Functions with two arguments and one result use to sepa-
rate the arguments. For example, 4 [INPUT] 5 @[ %CHG ] calculates the
percent change between 4 and 5. The arguments can be expres-

sions. For example 1[+] 3 2 (+] 3 (%CHG] also calculates the
percent change between 4 and 5.

B Polar/rectangular coordinate conversions use two arguments and
return two results. The HP-22S uses four special registers to store
and calculate the coordinates (see page 48).

Power and Logarithmic Functions
The HP-22S has the following power and logarithmic functions.

Power and Logarithmic Functions

Key(s) Description Key(s) Description
Square root. B2 Square.
Natural antilogarithm. B(i0*] | Base 10 antilogarithm.
Natural logarithm. B(LoG] | Base 10 logarithm.
Keys: Display: Description:
45 6.7082 V45 .
4.5 FO B0 3.1623E-5 Calculates 10745,
(x] 3.7 CAW(0%) X0.0002 Calculates 10737,
(=] 6.3096E-9 Multiplies the two
antilogarithms.
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Reciprocal

calculates the reciprocal of the number in the display.

Keys: Display: Description:

3 4 +0.2500 Calculates 1 + 3,
1+ 4.

= 8.5833 Adds the two
reciprocals.

Percent Functions

Percent
The (%] function performs two different operations:

® If there is no pending operator (no operator or parenthesis precedes
the displayed number), or if the pending operator is %, +, or *,
then (%] divides the displayed number by 100.

B If + or - precedes the displayed number, (%] interprets the dis-
played number as a percent, and returns that percent of the
number preceding the + or -.

Calculate 27% of 85.3.

Keys: Display: Description:

85.3 (x] 27 B[] X0.2700 Divides 27 by 100.

=] 230310 Calculates 27% of
85.3.

Find the number that is 25% less than 200.

200 (=] 25 @] -50.0000 Calculates 25% of 200.
= 150.6000 Completes the
calculation.
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Percent Change

To calculate the percent change between two numbers, n; and n,, ex-
pressed as a percentage of n;, key in:

ny [INPUT] n, [(%CHG]

Calculate the percent change between 291.7 and 316.8.

Keys: Display: Description:

291.7 291.7000: Enters n;. (The colon
separates 1n; and 1,.)

316.8 [ %CHG ] 8.6047 Calculates percent
change.

Calculate the percent change between (12 X 5) and (65 + 18).

12[x] 5 60.0000; Calculates and enters
ni.

65 (+] 18 B[ %CHG] 38,3333 Percent change be-
tween 60 and (65 +
18).

Pi ()

Pressing [ll( =] displays the value of . Although the displayed value is
rounded to the current display format, the 12-digit value is actually
used.

Example: Surface Area of a Sphere. Find the surface area of a
sphere with radius = 4.5” (surface area = 4r?).

Keys: Display: Description:

4 x] B« x3.1416 Displays .

x] 45 B3 (=) 254.4690 Surface area in square
inches.
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Angular Modes

The “angular” mode determines how numbers are interpreted when
using the trigonometric and coordinate conversion functions.

Angular Modes

Keys Description Annunciator

B(VODES] {DG} | Sets Degrees mode. There are 360 None
degrees in a circle. Angles are mea-
sured in decimal degrees (rather than
degrees-minutes-seconds).

B(VODES] {RD} | Sets Radians mode. There are 2 ra- RAD
dians in a circle.

B(vODES] {GR} | Sets Grads mode. There are 400 GRAD
grads in a circle.

Trigonometric Functions

The angles are interpreted in decimal degrees, radians, or grads, de-
pending on the current angular mode.

Trigonometric Functions

Key(s) | Function Key(s) Function
SIN sine B(AsSIN] | arc sine
CcoS cosine B(ACOs] | arc cosine
TAN tangent B(ATAN

arc tangent
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Keys: Display: Description:

@B(voDES]) {DG} Sets Degrees mode.

15 8.2588 Sine of 15°.

1[+] 60 +1,7321 Tangent of 60°.

=) 27321 Calculates 1 + tan
60°.

.35 l(Acos] 695127 Arc cosine of .35.

(=] .62 @(Acos] -51.6839 Arc cosine of .62.

=] 17.8288 Arc cosine of .35 mi-

nus arc cosine of .62.

Angle and Hour Conversions
The HP-22S can do the following angle and hour conversions.

Angle and Hour Conversion Functions

Keys Function

@(H-~HMS] {+HR} To hours; converts the number from hours (or de-
grees)-minutes-seconds-decimal seconds format
(H.MMSSss or D.MMSSss) to decimal hours (or
degrees) format.

@(H=HMS] {+HMS} | To hours-minutes-seconds; converts the number

from decimal hours (or degrees) to hours (or de-
grees)-minutes-seconds-decimal seconds format

(H.MMSSss or D.MMSSss).

B(o-RAD] {3DEG} | To degrees; converts the number from a radian
value to its decimal degree equivalent.

@ (0~RAD] {*RAD} | To radians; converts the number from a decimal
degree value to its radian equivalent.
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Angle in

radians
BE=FAD) B[R0
{3+DEG} {*RAD}

Angle in decimal

Decimal hours

degrees (D.d) (H.h)
B (H-Hvs] B(H~Hvs) B(r~Hvs) B(H~Hvs)
{+HMS} {+HR} {+HMS} {+HR}
Angle in Hours in
D.MMSSss H.MMSSss
format format
Keys: Display: Description:
1.79 XJB(=) =) 56235 Calculates 1.79.
B(b-RrAD] {2DEG} 3222000 Converts 1.797 radians
to degrees.
90.2015 @(H~HMS] Converts 90 degrees,
{3HR} 98,3375 20 minutes, 15 seconds
to decimal degrees.
25.2589 (H~HMS 25.2589 degrees = 25
{+HMS} 25.1532 degrees, 15 minutes, 32
seconds.
B(sHow] 251532040000 Shows decimal seconds

(32.04 seconds).
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Polar/Rectangular Coordinate Conversions

Coordinate conversions use the four coordinate conversion registers.
In general, if you've just keyed in a number, pressing a coordinate
conversion key stores the number in the register. A calculation occurs
when you press one coordinate conversion key right after another.

(x-coordinate, y-coordinate)

b — e — ——

Coordinate Conversion Keys and Registers

Keys Register Description:

BB(xCoorD x* Stores the x-coordinate, or calculates the x-co-
ordinatet using the contents of r and 6.

@ (>CooRrD y* Stores the y-coordinate, or calculates the y-co-
ordinate using the contents of r and 6.

B (RrADIUS] r Stores the radius, or calculates the radiust us-
ing the contents of x and y.

B(ANGLE] ] Stores the angle, or calculates the anglet using
the contents of x and y. The value is interpreted
according to the current angular mode—decimal
degrees, radians, or grads.

* These storage locations are separate from the variables X, Y, and R.

T Both coordinates are calculated. For example, calculating x changes the contents of both x
and y; calculating r changes the contents of both r and 6.
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To convert from rectangular to polar coordinates:

1. Store the rectangular coordinates: Key in x and press [J§[=COORD].
Key in y and press [j(COORD].

2. Calculate the polar coordinates: Press §[RADIUS] and/or
B(ANGLE].

To convert from polar to rectangular coordinates:

1. Store the polar coordinates: Key in r and press §[RADIUS]. Key in
0 and press [[ANGLE].

2. Calculate the rectangular coordinates: Press [j(xCO0RD] and/or
@(CoorD).

Example: Coordinate Conversions. Part 1: Convert the rectangu-
lar coordinates (10,—15) to polar coordinates.

Keys: Display: Description:
@(MoDEs] {DG} Sets Degrees mode.
10 B(xCOO0RD] x=10.0000 Stores x.

15 (*£] (;COORD] »=-15.00080 Stores y.
B(RADIUS] r=18.0278 Calculates r.

B (ANGLE] 8=-56.3099 Calculates 6.

Part 2: Convert the polar coordinates (7,30°) to rectangular
coordinates:

7 @(RADIUS] r=7.0000 Stores .

30 @(ANGLE] 8=30.0000 Stores 6.

B (=COO0RD] x=6.8622 Calculates x.

B (>CooRD] »=3.5000 Calculates y.

Part 3: Convert (6, 30°) to rectangular coordinates:

6 @(RADIUS] r=6.0000 Stores r. (30° is still
stored in 6.)

i (=xCooRD] =x=51962 Calculates x.

8 (,CooRrD] »=3.0000 Calculates y.
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Values stored in the coordinate conversion registers remain there until
the numbers are overwritten by another coordinate conversion cal-
culation.

Using and With the Coordinate Conversion
Registers. You can perform the same store/recall operations on the
%, ¥, r, and 0 registers as you can with variables. For example,
B(RADIUS] recalls the contents of 7, and 5 [STO] [+] [[xC0ORD] adds 5
to the contents of x.

You can use to “force” a store operation. For example, you can
store 3 into both x and y by pressing 3 [l[xCOORD ] (STO] [ COORD].

(If you omitted (STO], pressing @[yCOORD ] would do a calculation.)

Probability Functions

The PROB menu is used to calculate combinations, permutations and
factorials.

Combinations and Permutations. The keystrokes for calculating
combinations and permutations are:

n-value (INPUT] r-value [(PROB] {Cn,r }

and

n-value [(INPUT] r-value [j(PROB] {Pn,r }

The number of combinations of n objects taken r at a time is the num-
ber of different sets containing r items that can be taken from a larger
group of n items. No item occurs more than once in the set of r items,
and different orders of the same r items are not counted separately.

The number of permutations of n objects taken r at a time is the num-
ber of different arrangements of r items that can be taken from a
larger group of n items. No item can occur more than once in an ar-
rangement, and different orders of the same r items are counted
separately.
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Keys: Display:

5 5.000;

3 @(PROB] {Cnh,r} 10.0000

5 5,000
3 @(PrOB] {Pn,r} 60.0000

Description:

Enters the n-value.

(The colon separates n

and r.)

Calculates combina-

tions of 5 objects, 3 at

a time.

Enters the n-value.

Calculates permuta-

tions of 5 objects, 3 at

a time.

Factorial. (PrOB] {n!} calculates the factorial of the number in
the display. The number must be an integer in the range 0 through

253.

Hyperbolic Functions

The hyperbolic functions are listed below.

Hyperbolic Functions

Keys

Function

B(HvP) Hyperbolic sine

@ (5vrP] B(ASIN] | Inverse hyperbolic sine
B(HvP] Hyperbolic cosine

@ (Hvr] B(ACOS] | Inverse hyperbolic cosine
B(rvr) Hyperbolic tangent

B (HvP] @(ATAN] | Inverse hyperbolic tangent
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Keys: Display:
5 @(HYP][SIN] 742032
540.25 @(HYP]

(Acos] 6.9852

Description:
Hyperbolic sine.

Inverse hyperbolic
cosine.

Parts of Numbers

The functions in the PARTS menu perform number-altering

operations.
The PARTS Menu

Menu Key Function

{IP} Integer part of the number.

{FP} Fractional part of the number (the number without its integer
part).

{RHN} Rounds the number internally to the number of digits speci-
fied in the current FIX, SCI, or ENG display mode (no
rounding occurs in ALL mode).

{RABS} Absolute value of the number.

Keys: Display: Description:

B(oisP] {Fx} 4 Sets 4 decimal places.

12.3456789 (=] 12,3457 Enters a nine-digit
number.

B(sHow] 123456789000 Shows full precision of
number.

B(PARTS] {RN} Number is rounded

B(sHow] 123457000000 internally.
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Unit Conversions

The following illustration describes the UNITS menu and its unit-

conversion functions.

-
]

L VOL

-KG -LB -CM -IN
Mass Length
Kilograms<+—Pounds Centimeters+«—Inches
-»°C - - -
Temperature LTR Volume GAL

Celsius+—Fahrenheit

Convert 100 pounds to kilograms.

Keys: Display:
100 @(uNITS] {M}
{+KG} 45,3592

Convert 6 feet to centimeters.

6 [x]12 (=] 72,0000

B(uniTS] {L} {»cm} 1828800

Liters«—Gallons

Description:

Converts pounds to
kilograms.

Converts 6 feet to
inches.

Converts 72 inches to

centimeters.
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Base Conversions and
Base Arithmetic

4

Switching Base Mode

The BASE menu ([[BASE]) switches the calculator between four
number-base modes—decimal, hexadecimal, octal, and binary. You
can use the BASE modes to convert numbers from one base to an-
other, and to perform arithmetic operations in any of the four bases.

Switching Base Mode

Keys

Description

Annunciator

W(BASE] {DEC}
W(BASE] {HX}

@(eAse] {oc}
B(BASE] {BN}

Switches to decimal (base 10) mode.

Switches to hexadecimal (base 16)
mode. The top-row keys take on their
letter assignments A through F.

Switches to octal (base 8) mode.

Switches to binary (base 2) mode. If
the binary number is longer than 12
characters, the display shows the
rightmost (least significant) 12 digits.
Use {+} and {=} (the (Jz] and
keys) to view the rest of the
number in 12-digit segments.

None
HEX

ocCT
BIN
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Switching base mode has these effects:

® The number in the display is converted to the new base. If you
were in the middle of a calculation (for example, you had keyed in
4[+] 5(x] 3), all the numbers in the expression are converted to the
new base.

® When you switch from decimal to another base, the integer part of
the number is displayed in the new base. Internally, the 12-digit
representation of the decimal number is preserved. When you
switch back to decimal base, the full decimal number is displayed,
rounded to the current display format. Numbers are truncated to
integers internally only when they are used in an arithmetic opera-
tion in hexadecimal, octal, or binary base.

B Hexadecimal, octal, and binary numbers are right-justified in the
display—that is, they are displayed as far to the right as possible.

B In hexadecimal, octal, and binary base, certain keys are deactivated.
For example, the (8] and [9] keys do not function in octal base; keys
(2] through (9] do not function in binary base. In addition, many of
the HP-22S functions cannot be accessed.

Example: Converting Between Bases. The following keystrokes
do a series of base conversions.

Convert 125;( to binary, octal, and hexadecimal numbers.

Keys: Display: Description:

125 @(BASE] {BN} 1111181 Switches to binary
mode; 125;, =
1111101,.

B@(BAsE] {oC} 175 Switches to octal
mode; 1111101, =
1754.

B(BASE] {HX} 7D Sets HEX base; 1755 =
7Dq6.

@(BAsE] {DEC} 125.0000 Restores decimal base.
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Convert 24FF;¢ to binary base.

B(BASE] {HX} 7D Sets hexadecimal base.
24FF @(BASE] {BN} 010011111111 Converts 24FF;4 to bi-

nary base and displays
least significant 12
digits.

{7} (=] key) 1@ Displays the digits
to the left. The
full number is
10010011111111,.

{~} ((Z+] key) 810011111111 Displays the least sig-
nificant digits.

@(BASE] {DEC} 9,471.0000 Restores decimal base.

Representation of Numbers

Decimal numbers are stored internally as a 12-digit mantissa with a
3-digit exponent. When a number is converted from its decimal value
to a different base, the integer part of the number is represented as a
36-bit, binary number. The leftmost (most significant) bit is the sign
bit; it is set (1) for negative numbers.

Negative Numbers. The leftmost bit of the binary representation of
a number is the sign bit. It is set to 1 for negative numbers. Negative
numbers are represented internally as the 2’s Complement of the pos-
itive binary number.

Keys: Display: Description:

8738 [(BASE] {HX} 2222 Converts 8,738, to
hexadecimal base.

A FFFFFDDDE 2’s Complement.

B (BAsE] {DEC} -8,738.0000 Negative decimal
number.
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Range of Hexadecimal, Octal, and Binary
Numbers

The 36-bit word size determines the range of numbers that can be
represented in hexadecimal, octal, or binary base, and the range of
decimal numbers that can be converted to other bases.

Range of Numbers for Base Conversions

Base Largest Largest
Positive Integer | Negative Integer
DEC 34,359,738,367 -34,359,738,368
HEX 7FFFFFFFF 800000000
OCT 377777777777 400000000000
BIN 1111111111 100000000000
111111111111 000000000000
111111111111 000000000000

When you key in numbers in hexadecimal, octal, or binary base, digit
entry halts if you attempt to key in too many digits. For example, if
you attempt to key in a 10-digit hexadecimal number, digit entry halts
after the ninth digit.

If the display contains a decimal number outside the allowed range,
switching to another base displays TO0O BIG.

Keys: Display: Description:

1 @(€]) 20 @(BASE] 1 x 10720 is too large

{oc} TO00 BIG to be converted to octal
base.

B(BASE] {DEC} 1.0000E20 Restores decimal base.
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When you are in the middle of a calculation, number(s) that are out-
side the conversion range are represented by the message T0O0O BIG.

sSEE1ME3ME 8 3E8,, = 11E1A300,.

B(BASE] {HX} - 11E1R300

(¢] TOO BIG- 3E11 is outside the
base-conversion range.

B(BAsE] {DEC} 3.0PBBE11- Restores decimal base.

8.0000 Clears the display.

Arithmetic Operations

The arithmetic operations (+], (=], [x], and [+] can be performed in
any base. You can also use and to store and recall non-
decimal numbers, and to do storage arithmetic.

All arithmetic operations use 2’s Complement arithmetic. Operations
with hexadecimal, octal, or binary base use integers only. When a di-
vision produces a remainder, only the integer portion of the number is
retained.

If the result of an arithmetic operation in hexadecimal, octal, or binary
base cannot be represented in 36 bits, the HP-22S displays the over-
flow warning, followed by the largest (or smallest) number possible.

Example: Arithmetic in Hexadecimal, Octal, and Binary
Bases. Calculate 12F;4 + E9A.

Keys: Display: Description:

B(BASE] {Hx} Sets hexadecimal base.

12F [(+] E9A (=] FC9 Adds hexadecimal
numbers.

Calculate 77605 — 43264.

B(BAsE] {oc} 7711 Switches to octal base
(FC9,, = 7711).

58 4: Base Conversions and Base Arithmetic



7760 (=] 4326 =] 3432
Calculate 100g + 5g:

Calculates the result.

Integer part of result.

Converts expression to
decimal base.

Division of 64y =+ 51.
(1008 = 6410).

100 (=] 5 (=] 14

Compare the previous result to the decimal division shown below:
100 [+] 5 [@(BASE]

{DEC} +5.0000

= 12,8000

M(easE] {oc} 14

Add 5A0,4 plus 1001100,

B(BASE] {HX} 5A0 SAG
B(BAsE] {BN} 10110100000
(+] 1001100 (=] 10111101100

Integer portion of
12.81¢ in octal base.

Keys in hexadecimal
number.

Switches to binary
base.

Calculates result in bi-
nary base.

Arithmetic results that cannot be represented in 36 bits display an
overflow warning and the largest positive or smallest negative

number:

B(BASE] {HX} SEC

5AAAAAAAA (x] 4 (=) OVERFLOW

7FFFFFFFF
EBBBBBBBB (-]
6CCCCCCCC (=] OVERFLOW
800000000

Switches to hexadeci-
mal base.

Displayed briefly.
Largest positive
number.

Smallest negative
number.
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Statistical Calculations

The and keys are used to enter and edit statistical data for
one- and two-variable statistics. The data is accumulated in a set of
statistical registers, which are automatically created when you enter
the data. Once you've entered the data, you can use the STAT menu,
which is accessed by pressing [STAT], to calculate:

® One-variable statistics: mean and standard deviation.
B Two-variable statistics: linear regression and linear estimation.

® Weighted mean.
B Summation statistics: 1, Zx, 2y, Zx%, Zy?, and Zxy.

Entering Statistical Data

There is no limit on the number of values you can accumulate into
the statistical registers. However, if causes the value of a statisti-
cal register to exceed 9.99999999999 x 10%%°, the HP-22S displays a
temporary overflow warning.

Entering Data for One-Variable Statistics
To enter data for one-variable statistics:

1. Clear any previously stored statistical data by pressing
B(CLEAR] {=}.

2. Key in the first value and press [(2+]. The HP-22S displays
n=1.080800.

3. Continue entering values by keying in the numbers and pressing
(2+]. The n-value is updated with each entry.
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To recall a value to the display immediately after it has been entered,

press [LAST].

Entering Data for Two-Variable Statistics or
Weighted Mean

To enter x,y-pairs of statistical data:

1.

3.

4.

Clear any previously stored statistical data by pressing
W(CLEAR]) {2} .

Key in the first x-value and press [INPUT]. The HP-22S displays
the x-value followed by a colon (:).

Key in the corresponding y-value and press (2+]. The HP-22S
displays n=1.80680.

Continue entering x,y-pairs. The n-value is updated with each

entry.

To enter data for calculating the weighted mean, enter each data
value as x, and its corresponding weight as y.

Correcting Statistical Data

If incorrect data has been entered by pressing [2+], it can be deleted
using (2-]. Then, the correct value is added using (Z+]. If one value of
an x,y-pair is incorrect, you must delete and then re-enter both values.

To correct statistical data:

1. Key in the x-value to be deleted. If the data consists of x,y-pairs,

press and then key in the y-value.

2. Press to delete the value(s).* The n-value is decreased by 1.
3. Enter the correct value or x,y-pair using [Z+].

* does not delete rounding errors that may occur when incorrect values are entered into
the statistical registers. Thus, subsequent results for corrected data may be different than for
data that was entered correctly without having to use [2=]. However, the difference will not
be serious unless the incorrect data has a very large magnitude compared with the correct
values; in this case, you may want to clear the statistical registers and re-enter all the data.
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Clearing Statistical Data

You should clear the statistical registers before entering new data, or
when you no longer need the data and want to reclaim the memory it
uses. To clear the statistical registers, press l[CLEAR] {2} .

Statistical Calculations

The STAT menu, displayed by pressing [STAT], provides the statistical

functions.
z X,y S L.R
l—i_——l |
X y Xw x 7 r m b
n x x2  y? xy sX sy
The STAT Menu and Statistical Functions
Menu Key Description
{Z} Displays menu of summation statistics:
{n} The number of data points entered.
{=} Sum of the x-values.
{r} Sum of the y-values.
{=2} Sum of the squares of the x-values.
{»2} Sum of the squares of the y-values.
{=y¥} Sum of the products of the x- and y-values.
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The STAT Menu and Statistical Functions (Continued)

Menu Key Description
{=,¥} Displays menu for means:
{=} Arithmetic mean (average) of the x-values.
{¥} Arithmetic mean (average) of the y-values.
{=w} Weighted mean of the x-values weighted according to the
y-values.
{s} Displays menu for sample standard deviation:*
{s=} Standard deviation of the x-values.
{s»} Standard deviation of the y-values.
{L.R. } Displays menu for linear regression and linear estimation:
{%} Estimate of x for a given value of y.
{#} Estimate of y for a given value of x.
{r} Correlation coefficient.t
{m} Slope of the calculated line.
{b} y-intercept of the calculated line.

* The standard deviation is a measure of how dispersed the numbers are about the mean.
The HP-22S calculates the sample standard deviation, which assumes the data is a sam-
pling of a larger, complete set of data. If the data constitutes the entire population of data,
the true population, see page 64, “Calculating the Population Standard Deviation.”

t The correlation coefficient is a number in the range —1 through +1 that measures how
closely the data fits the calculated line. A value of +1 indicates a perfect positive correla-
tion, —1 indicates a perfect negative correlation. A value close to 0 indicates the curve is a
poor fit.

One-Variable Statistical Calculations

If you enter a list of single numbers, they are stored as x-values. You
can then calculate:

B Mean and standard deviation of x (X and sx).

B Summations: n, =x, and Zx2.
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Example: Calculating the Mean and Standard

Deviation. Production supervisor May Kitt wants to determine how
long a certain process takes. She randomly picks six people, observes
them as they carry out the process, and records the number of min-
utes required:

155 9.25 10.0
125 12,0 8.5

Calculate the mean and standard deviation of the times.

Keys: Display: Description:

B(CLEAR] {Z} Clears the statistical
registers.

15.5 n=1.0000 Enters the first time.

9.25 10 Enters the remaining

12.5 12 data.

8.5 n=6.0000

{=5} {=} %=11.2917 Calculates the mean.

{s} {sx} sx=25808 Calculates the standard
deviation.

Calculating the Population Standard Deviation

The standard deviations calculated by {sx=} and {sy} are the sam-
ple standard deviations. They assume that the data is a sampling of a
larger, complete set of data. If the data constitutes the entire popula-
tion of data, the true population standard deviation can be computed by
calculating the mean of the original data, adding the mean to the sta-
tistical data using (Z+], and then calculating the standard deviation.
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Example: Population Standard Deviation. Grandma Hinckle has
four grown sons with heights of 170, 173, 174, and 180 cm. Find the
mean and standard deviations of their heights.

Keys: Display:
B(CLeAr] {=}

170 (3% 173 (35)

174 180 h=4.0000
{=5} {®} %=174.2500
n=5.0000
{s} {sx} sx=3.6315

Linear Regression and Estimation

Description:

Clears the statistics
registers.

Enters the data.

Calculates the mean.

Adds the mean to the
data.

Calculates the popula-
tion standard
deviation.

Linear regression is a statistical method for finding a straight line that
best fits a set of x,y-data. There must be at least two x,y-pairs. The
straight line provides a relationship between the x- and y-variables.

Linear Regression. To do a linear regression calculation:

1. Enter the x,y-data using the instructions on page 61.

2. Press [STAT), then {L.R.}.

3. Press:

B {r} to calculate the correlation coefficient.

B {m} to calculate the slope of the line.

B {b} to calculate the y-intercept.

The straight line calculated by linear regression can be used to esti-
mate a y-value for a given x-value, or vice versa.

5: Statistical Calculations 65



Linear Estimation. To do linear estimation calculations:

1. Enter the x,y-data using the instructions on page 61.

2. If you want to see the slope, y-intercept, and/or correlation coef-
ficient for the linear regression fit, you can do so by pressing
{LR.} {m}, {LR.} {b}, and {LR. }
{rk.

3. Key in the known x-value or y-value.

4. Press {LR. }. Then:

B To estimate x for the given y, press {x}.

B To estimate y for the given x, press {3} .

See chapter 8 for an alternative way of doing linear estimation using

(EVAL].

Example: Linear Regression and Estimation. Part 1. After re-
ceiving C grades in their first statistics exam, four students sought
help from Paul J. McTutor. Because Paul loves numbers, he recorded
the following data based on the results of their second exam:

X Hours of tutoring 1 3 4 6

Y Grade 64 88 76 98

Calculate the correlation coefficient and y-intercept for the data.

Keys: Display: Description:

B(CLEAR] {=} Clears the statistical
registers.

1 64 Enters the x,y-data.

3 88

4 76

6 98 n=4,0000

{LR.} {r} r=0,8587 Calculates the correla-
tion coefficient.

{LR.} {b} b=60.2308 Calculates the y-
intercept.
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Part 2: Calculate the mean of the four exam grades.

{=7} {¥} ¥=81.5000 Calculates the mean.

Part 3: Estimate the number of hours of tutoring necessary to achieve
a grade of 80.

80 {LR. } {#} x=3.2532 Calculates estimate of
x for y = 80.

Part 4: Estimate the grade after 5 hours of tutoring.

5 {LR.} {3} $=908.6154 Calculates estimate of
y for x = 5.

100 ®

90 4"~ """ T T T T

80 doooo
Grade

50 +

[ 2 1 e

5: Statistical Calculations 67



Weighted Mean

The following procedure calculates the weighted mean of data points
X1, X, ...X, occurring with weights vy, y,, ...y,. The weights can be
integer or non-integer values.

1. Use to enter the data as x,y-pairs. The y-values are the
weights of the x-values.

2. Press {z7} {®w}.

Example: Weighted Mean. Your manufacturing company purchases
a certain part four times a year. Last year’s purchases were:

Price per part $4.25 $4.60 $4.70 $4.10
Number of Parts 250 800 900 1000

Calculate the weighted mean of the price data.

Keys: Display: Description:

B(CLEAr] {=} Clears the statistical
registers.

4.25 250 Enters the data and

4.6 800 their weights.

4.7 900

4.1 1000 n=4,0000

{=¥} {zuw} %w=44314 Calculates weighted
mean.
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Summation Statistics

The STAT menu includes {Z} for calculating n, Zx, 2y, =x2, Zy?, and
Zxy.

Example: Summation Statistics. Calculate =x and Zx? for the fol-
lowing values of x: 2.345, 3.456, 4.567.

Keys: Display: Description:

B(CLerr] {=} Clears the statistical
registers.

2.345 Enters the data.

3.456

4.567 n=3.0000

{2} {x} Ix=10.3680 Calculates 2x.

{z} {2} Ix2=38,3005 Calculates Zx2.
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Evaluating and Solving
Equations

An Example

(EvAL] and [SOLVE] allow you to do calculations involving variables.
For example, suppose you frequently need to determine the volume of
a straight section of pipe. The equation is:

V= 257dl

where d is the inside diameter of the pipe, and I is its length. You
could key in the calculation over and over; for example, .25 [x] (=]
(x)2.5 @(+*](x] 16 calculates the volume of 16 inches of 2%2-inch pipe.
However, storing the equation saves keystrokes and lets you use the
calculator to “remember” the relationship between diameter, length,
and volume.

Keys: Display: Description:
B(EQuATIONS ] Displays the list of
equations.

If necessary, press [¥] until the HP-22S displays TYPE NEW EGQN.
Then:

V(=) V= V types V.
25 x] B~ ] V=25%1X B[] types «.
DF 2 ve2sxaxpr2 (7] types ~.
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(xJ(sTOo] L =25x4xD"~2xL

V=25xaxD"~2xL

D?value

2.5 [INPUT D=2.5000
L?value

16 L=16.0000
U=78.5398

V scrolls off left side of
the display.

INPUT ] stores equation.

Prompts for (requests)
D; value is the current
value of D.

Stores D, prompts for
L.

Stores L, calculates V
in cubic inches.

To calculate V, the HP-22S evaluates the right side of the equation.
automates keystrokes you would otherwise have to do repeat-

edly for each calculation.

lets you solve equations for any variable without rearranging
the equation. For example, you might wonder what length of 2%2-inch
pipe holds 40 cubic inches of water. Assuming you've just completed

the previous keystrokes:

Keys: Display:
B(soLvE] DLV
{L} V2785398
40 [INPUT) V=40.0000
D?2.5000
D=25000
SOLVING
L=8.1487

Description:

Menu for selecting the
unknown variable.

Selects L, prompts for
V.

Stores V, prompts for
D.

Retains previous D,
calculates L.
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Introduction to and ' Functions

The following keys provide the ability to do calculations with

equations:

B (EQUATIONS

E(LIBRARY]

W(soLVE]

[

Pressing [@j(EQUATIONS ] displays the list of equations,
which stores equations that you enter. Press (V] or
@ (4] to roll through the list. The number of equa-
tions you can enter is limited only by the amount of
available memory. You can also enter algebraic ex-
pressions. (Expressions don’t have two sides
separated by an “equals” sign). You can edit and clear
entries in the equation list.

Pressing [ LIBRARY ] displays the equation library.
The library is a list of 16 permanent, built-in equa-
tions. Press (¥] or [j(a] to roll through the list. You
cannot edit or clear library equations. The library
equations are described in chapter 7.

calculates the value of the “unknown” variable
(the variable whose value you seek) when the equa-
tion has the form:

unknown variable = algebraic expression

The unknown must appear by itself on the left side
of the equation. can also be used to evaluate
expressions.

lets you solve the equation for any variable;
the unknown variable does not have to appear by it-
self, on the left side of the equation. Thus, [SOLVE]
saves you the trouble of having to rearrange the
equation yourself.

Allows you to change an equation after it has been
entered into the list of equations.
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Entering Your Own Equations

To enter an equation or expression into the list of equations:

1.

2.
3.

4-

Make sure the equation or expression follows the syntax rules
(see “The Syntax of Equations” on page 78).

Press @l(EQUATIONS].

If necessary, press (¥] until the HP-22S displays
TYPE NEW EQN.

Type the equation.

B To type a variable, press or to give the keys their
letter assignments (the A..Z annunciator comes on). Then,
press a letter key.

B To type an operator, press an operator key—(+], (=], [xJ, (2],
or [ (%)

B To type a function, use the same keystrokes you would use to
execute the function in a calculation (see the tables on pages
80 through 83). For example:

To type: Press:
SINCA) A

ACOSHC(A+B> B (+vr] B(acos] (RCL] A (3] (STO0] B (1]
SINCACOSCAY) [SIN]@[Acos] (sTo] A 0] ()
COMB(T: Q> @(FroB) {Cn.,r} (STO] T @] (ReL) @ [

Do a, b, or c:
a. Press to enter the equation.
b. Press to enter the equation and evaluate it.

c. Press [SOLVE] to enter th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>