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Primary storage registers, program memory. displayed X-register, and display format are maintained
by Confinuous Memory

[0 Address HP-19C  HP-29C
R, 1] A 15 0o
A, 1 A 17 01 64 74
A, 2 A " e & n
R a R 13 o [ 54 74
[ — Rue 20 04
L A 2 ‘
O Ras % :'7'
R, 7 Aoy 2 y
Ry 3 A 23 »
Ay ] Rasi 2%
A. 10n R 26
gl i e 08
4 P ) | 26
A, 13 Yy Ao [ 20 S m
A 14 3y Y a.0800800 00
R 15 Xxy Display
LAST X
Expanent of 10 sign

Exponent of 10

HP-19C.

Manual RUN Mode. OFF-PRGM-RUN Switch orr [l sun set to RUN.

P-20C

Manuat RAUN Mode.  PRGM-RUN Swich pRGM Il run set 1o RUN

Function Key Index

PRGM

Fungtion keys pressed from the keyboard execute individual funclions as they are pressed. Input numbers
and answers are displayed. AT function keys listed below operate ellher hom the kwboard of as recorded

instructions in a program, All refergnces to HP-19C prnter fun

ocr-[;[nun HP-18C

FRGM
OFF-PRGM-RUN

Swailch (page 20).

orr [llon  HP-20C
OFF-ON Switch (page 20).

wan [T vorm
TRACE

alle (pogu ??'
Presm before
function key, selects gold
function printed above key
(page 20).

Pressed beloce lunction
key, selects blue functon
printed on lower tace of kay
(page 20).

[ Jater -,

0. =3 o @8
calkeels that key (page 112).

HP-19C
Printing Functions

prnting (page 111)
Prints ¢

ol ali sioraoe

(page 62)

tomatic memory

(page 44).
nts contants of
OSPDRYye A r0Qitic
(page 35)

Cj Prints contents

fistical res

erg H
) (page 85)

_ it pro

through

(page 111)

Digit Entry

[@EED Enters a copy of
number displayed in X-
register into Y-register.
Used to separate numbears
(page 47).

Chanpes sign of
mantissa or expenent of 10
in displayed X-register
(page 21).

B3 Enter exponent. After
Pressing, next NuEmders
keyed in are exponents of
10 (page 39).

[0) through (@) Digit keys
(page 21).

(=) Decimal poimt

(page 21).

Number Manipulation

B Roils down conterts of
stack for viewing in dispéay-
oc Xorpgisier (page 45),
27} Exchanges contents
or X- and Y-registers of
stack (page 46).

E®3 Cioars contents of
displayed X-register 1o 2ero
(page 47).

Disgplay Control

[] Fixed point display
Followed by a number key
salects fixed poirt notation
asplay (page 33).

[] Scientific display
Followed by 8 numbesr key,
selects scientific notation
dsplay (page 34).

(] Engneering display
Followed by a number key,
selects engneering nota-
tion display (page 34).

» peinted In

Number Alteration

[ Gives absolute value
of number in displayed
X-register (page 66),

() Leaves caly integer
portion of number in dis
played X-ragister t
truncating fractional portion
(page 66).

[0 Leaves only frac-
tonal portion of number in
displayed X-register by
truncating integer portion
(page 67).

Manual Storage

Store. Followed by
number key, decimal
pointand number key, oc (]
stoves displayed number in
storage regster specfied.
Also used to pedorm
storage register anthmetic
(page 61).

Recall. Followed by
number key, decimal

and number key, of
recals value from storage
register specitied Into the
dispiayed X-register
{page 61).

Clears

contents of all storage
registers (page 63).

() Recails number
displayed belore the pre-
vious operation tack info
the displayed X-register

(page 55).



Mathematics

[ Comgutes sauare root
of number In displayed
X-rogister (page 68).

Computes square of
number in displayed
X-register (page 68).

() Computes reciprocal
of number in displayed
X-rogister (page 67).

Places value of pi
(3141592654} into dis-
played X-rogster
(page

® E X [E) Anthmetic
operalors (page 24).

Trigonometry

[55) Sets secimal dogroes
mede loe Irigonometric
tunclions (page 70).

Sets radians moda
for trigonometric functions
(page 70).

Sels grads mode for
tngonometric functions
(page 70).

() &3 (2] computes
sine, cosine, or tangent of
value in displayed
X-rogister (page 71).

Computes arc sine, arc
cosing, or arc tangant of
number in displayed
X-register (page 71).

[ Converts decmal
hours or degrees 1o howrs,
minutes, secands of
degress, minutes, seconds
(page 71).

Polar/Rectangular
Conversion

Corwvents x, y rec-
tangular coordinates
placedin X- and Y-ragisters

D Converts polar magrs-
tuder and angle 8in X- and
Y-registers to rectanguiar
x and y coordinates
(page 75),

Logarithmic and
Exponential

[ Raises number in
Y-regster to power of
number in displayed
X-register (page 80).

(5] Common ant-
logarithm. Raises 10 to
power of rumber In dis-
played X-registar
(page 79).

Natural andiogarithm.
Ralses e (2.718281828) 10
power of number in ds-
played X-register

(page 79).

[ Computes common
logarithm (base 10) of num-
ber In displeyed X-register
(page 79).

() Computes natural
loganthm (base e,
2.718281828) of number
in displayed X-register
(page 78).

Statistics

B Accumulates numbers
from X- and Y-registers nto
storage regsters R,
through R, (page 82).

@Corwmsnows, [) Subtracts x and y

minutes, seconds or values from slorage

degrees, minutes, 0! g R., through R,
decmal hours ot tor correcting B accumu-

degrees (page 72). lations (pege 89).

7

() Computes mean
(average) of x and y values
accumulated by 3
(page 85).

[0 Clears storage
registers used for accumu-
fations (R, through R.) to
zero (page 82).

[C] Computes sampie
standard deviations ol x
and y values accumulated

by @ (page 87).

Percentage

{2 Computes x% of y
(page 69).

Indirect Control

(1) When praceded by
8 ED 88 o
CEN. the acdross o
control value tor that func-
tion is speciied by the
current number in R,
(page 164).

[52) ncrement R, skip
zer0. Adds 1 fo contents of
R, Skips one step i con-
tents ace then 2ero

(page 156).

[Z57) Decrement Ry, skip It
zero. Subltracts 1 from con-
1ents of R,. Skips one step
if contents are then zero

(page 1586).

Programming Key Index

PROGRAM Mode

Automatic RUN Mode

HP-19C OFF-PRGM-RUN

HP-20C: PRGM-RUN
switch set to PRGM.

ercw [T Ao

All function keys except
the functions shown besow
are oaded into program
memory when pressed

HP-19C OFF-PRGM-RUN switch set to RUN. orf Il Aun

HP-23C PRGM-RUN switch set to RUN, pram [IlTI] Aun

Funclion keys may be executed as part of a recorded program
or indivi ly by p g from the keyboard lnput numbees

and are display

ndicated.

by the , excapt whare

All raterencas to HP-19C Printer functions are printed in brown

Active Keys:

In PRGM mode only the
folicwing operations are
active. These operations
are used 1o help record
programs, and cannot
themselves be recorded
in progeam memaory.

BB Go to. Followsd by
<] n n positions
caloulator to step n n of
program memory. No
instructions are executed

(page 118).

Pressed from
keyboard:

B8 Go to. Folowed by
(=] n n sets caleulator

1o step n n of pregram
memory without executing
instructions. Followed by
fabel designator

through (8] or [1]) causes
calculator 10 search down-
ward through program
mermory to first designated
label. No instructions are
aexacuted (page 118),

Go 10 sutroutine.
Followed by fabel des-
ignator, (9] through (8).
(2. causes caloulator to
stan executing instructions,

Executed as a
recorded program
instruction:

QOEFEEER
(8] (3] Labe! designalors
When preceded by ),
define beginning of routine
When preceded ty (I8
or @D, cause calculator
1o slep execution, search
downward through program
memory 1o first designated
label, and résumes execu-
tion there (page 146).

Go to. Followed by
tabel designator 0]
through (8] or [, causes
ealeulator 1o stop execy-
tion, search through i
ram memory to
Gsgnated labei, and
resume execution there
(page 146).

Go %o subroutine
Followad by label des-
ignator [B) through (8] o
(2. causes calcutator to
search through program

beginning with designated memory to first designated
Iebel (page 101), label and execute that
seclion of program memory
as asubroutine (page 146).
8




PROGRAM Mode Automatic RUN Mode
Active keys: Pressed from Executed as a
the keyboard recorded program
instruction:
[T Retun. If executed
calculator to siep 00 of 83 a resull of pressing G
program memaory and a label designator or
(page 15), execution of a @ nstruction,
stops execution and retums
cantrol to keyboard. If
executed as a result of a
B instruction, returns con-
trol 1o next step after the
instruction (page 146).
Clear ) Atter  pre-
program, Clears program fix kay, cancels that key.
mamorytoall Instruc- After other keys, does
tions, sets calculator to step nothing. Does not disturb
00 (page 98). program memory or calcu-
lator slatus (page 112),
] stops program
exscution and
contants of X-register for 1
second, then rosumes
program execution
(page 142).
[ Back step. Moves [E23) Back step. Sets
calculator back one step In caleulator 10 and displays
program memory step number and keycode
{page 120). of previous pregram
memory step when
prossed; dsplays oniging
contents of X-register when
released. No instructions
are exacuted (page 120).
| o | 0 |
ECIEEEED

Conditionals. Each tests
valua in X.ragister against
0 or value n Y-register as
indicated. I true, calculator
executes instruction in next
step of program memory

It fatse, calculator sxips one
step beore résuming
execulion (page 133).

PROGRAM Mode Automatic RUN Mode

Active keys: Pressed from Executed as a

the keyboard: recorded program
instruction:

Single step, Moves B30 single step. Dis:

caloutator forward one step plays :1190 mumber and key-

in program mamory current program

(page 117). memory step when presseds;
executes instruction, dis-
plays result, and moves
calculator to next step when
released (page 115).
Run'siop. Begins (®5] Runistop. Stops
execution from current step program execution
of program memory. Stops (page 140),

Delate. Deletes
cument instruction from
program memory, All sub-
sequent instructions move
up ore step (page 121).

(50, Atter 1,

L or
8. cancols that kay
(page 112),

[EE5n). Pont program
Prints contents of program
mamory beginmng with
current step and continuing
until two consecutive (RJS)
Instructions are encounter-
ed or step 98 is printed
(page 111).

axecution ¥ program is
running (page 140).

After [ prefix key,
cancals that key. After
other keys, doss nothing
Does not disturb program
memory or calculator
status (page 122).

(=), Print program
Prints contants of Drog:am
memory beginning wil
current step and continuing
until two consecutive
nsfructions are encounter-
«d or step 98 is prnted
(page 111).

Any key. Pressing any
key on the keyboard
stops execution of &
running program

10







Meet the HP-19C and HP-29C

Congratulations!

With your purchase of the HP-19C/HP-29C Progi ble Scientific Calcul with
Continuous Memory, you have acquired 4 truly versatile and unique calculating instrument.
Using the Hewlett-Packard RPN logic system that slices with ease through the most difficult

the calculator is without parallel

Y

Asascientific calculator. The HP-19C/HP-29C features a multiple-entry keyboard with each
of the keys controlling up to three separate operations, ensuring maximum computing power.

As a problem-solving machine. Following the simple. step-by-step instructions in the
HP-19C/HP-29C Applications Book, you can key in any of dozens of programs from the areas
of mathematics, statistics, games, finance, surveying, and other fields and begin using your
calculator. Jmmediarely,

As a personal programmable calculator. The HP-19C/HP-29C is so easy to program and
use that it requires no prior prog ing expenience or knowledge of arcane programming
languages. Yet even the most sophisticated computer experts marvel at the programming
features of the calculator:

»  Continuous Memory means that prog can be bered by the cal
when the power switch is OFF,

* 16 non-volatile data storage registers.
= 14 volatile indirect data

—even

B &

w98 steps of non-volatile program memory.

»  Fully merged prefix and function keys that mean more programming per step.
»  Easy-to-use editing features for correcting and modifying programs.

= Powerful unconditional and conditional branching,

#  Three levels of subroutines and 10 Jabels,

*  Indirect storage, recall, branching, and subroutine calls.

®  Prnter 1o record results, list programs, or trice executing programs (HP-19C)

And in addition, the HP-19C/HP-29C can be operated from its rechargeable battery pack for
complete portability, unywhere.

Now let’s take a closer look at the calculator to see how easy it is (o use, whether we solve a
problem manually, or whether we use its programming power to solve the problem
automatically.

13
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Manual Problem Solving

To get the feel of your new calculator, try a few simple calculations. First, set the switches
that are located directly below the display window as follows:
HP-19C:  Set the OFF-PRGM-RUN switch O BEIAUN (o RUN.
Set the Print Mode switch van[IIIENORM 1o MAN.
TRACE

HP-29C:  Set the OFF-ON switch orf llll[lox 10 ON.
Set the PRGM-RUN switch orr%]mm to RUN.

If Error is displayed when you turn the calculator on, don’t worry, it simply means power
has been interrupted at some time. Just press any key to clear the Error and proceed. If the
display is blank when you tum it on, refer to AC Line Operation, page 182.

Press {8 (FX]2 so your display will match the displays in the following problems.

To solve: Press: Display:
S+6=11 SEIED6 11.00
8+2=4 SEIED2E 4.00
7-4=3 7 EHER 4 5 3.00
9x8=72 OEEEDR X 72.00
% =020 snm 0.20
Sine of 30° = 0.50 o0 0.50

Now let's try something a little more involved. To calculate the surface area of a sphere, the
formula A = wd® can be used, where:

A is the surface area of the sphere,
d is the diameter of the sphere,
w is the value of pi, 3.141592654.

Ganymede, one of Jupiter's 12 moons, has a diameter of 3200 miles. You can use the calcu-
lator to manually compute the area of Ganymede. Merely press the following keys in order.

Press Display

3200 3200. Diameter of
Ganymede.

nEa 10240000.00 Square of the
diameter.

(0] 3.14 The quantity 7.

= 32169908.78 Area of Ganymede

in square miles,



Programmed Problem Solving

After calculating the surface area of Ganymede, one of Jupiter's 12 moons, suppose you
decided you wanted the surface area of each moon, You could repeat the procedure you
used for Ganymede 12 times, using a different diameter d each time; however, an easier
and faster method is to create a program that will calculate the surface area of any sphere
from its di rather than pressing all the keys for each moon.

To calculate the area of a sphere using a program, you should first write the program, then
you must load the program into the calculator, and finally you rus the program to calculate
cuach answer

Writing the Program. You have already written it! A program is nothing more than the series
of keystrokes you would execute to solve the same probl lly. Two | opera-
tions, a label and & return are used to define the beginning and end of the program.

g3

Loading the Program. To load the keystrokes of the program into the calculator:
1. HP-19C: Slide the OFF-PRGM-RUN switch osrlolwlynuu to PRGM (program).
HP-29C: Shde the PRGM-RUN switch #acw [Tl #ov to PRGM (program).
2. Press B [ 1o clear the calculator.

3. Press the following keys in order, (When you are loading a program, the display gives
you information that you will find useful later, but which you can ignore for now.)

Press
EI[EJ0  Defines the beginning of the program.

a®
i @] These are the same keys you pressed to solve the problem manually.
63}

IE3  Defines the end of the program.

The calculator will now ber this keystroke ¢

4

Running the Program. To run the program to find the area of any sphere from its diameter:
1. HP-19C: Slide the OFF-PRGM-RUN switch mr%ﬂm to RUN,
HP-29C: Slide the PRGM-RUN switch prow [JliIT) sun to RUN,
2. Key in the value of the diameter.
3. Press @0 to run the program.
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When you press B0, the sequence of keystrokes you loaded is automatically executed by
the calculator, giving you the same answer you would have obtained manually.

For example, 1 calculate the area of Ganymede, with a diameter of 3200 miles:

Press Display
3200 3200.
&30 32169908.78 Square miles.

With the program you have loaded, you c¢an now calculate the area of any of Jupiter's
moons—in fact, of any sphere—using its diameter. You have only to leave the caleulator
in RUN mode and key in the diameter of each sphere for which you want the area, then
press @O. For example, ta compute the surface area of Jupiter's moon lo, with a diameter
of 2310 miles:

Press Display
2310 EE0 16763852.56 Square miles.

For the moons Europa, diameter 1950 miles, and Callisto, diameter 3220 miles:

Press Display

1950 B0 11945906.07 Area of Europa in
squarc miles.

3220 EEBO 32573289.27 Area of Callisto in
square miles,

Programming is thar casy! The calculator remembers a senes of keystrokes and then executes
them whenever you wish, In fact the HP-19C/HP-29C can ber up to 98 separal
operations (and many more keystrokes, since many operations require two or three keystrokes)
and execute them simply by pressing followed by the label number (0 through 9). By
using, say, 0 for one program, 1 for another, etc., your calculator can
contain many different programs at one time.

What Continuous Memory Means to You

Your calculator contains Continuous Memory—one of the newest, most advanced memory
systems available in a scientific calculator. Continuous Memory means the program memory
and primary storage registers stay ‘“on’’ when your calculator is turned off. You can store
your favorite program (or programs) for days or weeks!

Continuous Memory is especially convenient when you want to retain data, save battery life,
or customize your calculator (e.g., if you use 20% of your programs to solve 80% of your
problems). You save considerable time because you don't have to key in those common
programs agam and again—_they are stored in your calculator. Continuous Memory reduces
human entry errors too; fewer Keystrokes mean fewer ch of making inadvertent errors,
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Perhaps the most important ad ge of Conti M y is that it enables you to
customize or personalize your calculator. The casiest way to customize your calculator is
1o make a list of the probl you most frequently, rate them in order of priority,

then write and save the specialized programs to solve those problems. Whenever you en-
counter a repetitive problem set, you just write the program once, then use it at different
limes. You can even preserve one or two favonte programs in the calculator,

Recid

snving prog; Conti Memory lets you store data in the general-purpose

5. C accumulations, and intermediate answers can be retrieved when-
ever )ou need tbcm In addition, even the number in the displayed X-register is saved, along
with the display format!

Continuous Memory also helps save battery life in many situations. If your calculator is left
off, Continuous Memory can store your programs for | month or longer. When you do use
your calculator, keying in fewer programs means less time that the display is on—hence, less
battery drain.

Using this Handbook

New 10 Hewleti-Packard calculators? Part One of this handbook has been designed to teach
you to use your HP-19C/HP-29C as a powerful scientific calculator. By working through
these sections of the handbook, you'll fearn every function that vou can use to calculate
answers manually, and you'll come to appreciate the calculating efficiency of the Hewlett-
Packard logic system with RPN. And since the programmability of the calculator stems from
its ability to remember a series of manual keystrokes, Part One, Using Your HP-19C/HP-29C
Calculator, is invaluable in laying the groundwork for Part Two, Programming The
HP-19C/HP-29C.

Frevious HP wser? If you've already used Hewlett-Packard pocket or desktop calculators
with RPN, you may want to familiarize yourself with the unique printer options of the HP-19C
by reading page 22, and then turn directly to Part Two, Programming The HP-19C/HP-29C.

Later, though, vou will undouh(edly wish to peruse Part One at your leisure in order to dis-

cover the many g advantages of your

Whether an old hand or a novice, you'll find the Function and h'ogrammmg Key Index
b g on page 6 in as a quick ref guide, a prog guide, or even
to il the fe of your calculator to your friends.

Please note that all references to the calculator printer are applicable only to the HP-19C. All
other operations are identical,

Note: References to printer functions are printed in brown and are applicable only
to the HP.19C,




PART ONE
Using Your HP-19C/HP-29C
Calculator

Section 1
Getting Started

Your HP-19C/HP-29C is shipped fully equipped, including a battery pack. Although the
calculator is completely portable, if you want to use it on battery power alone, you should
connect the ac adapter/recharger and charge the battery for 6 hours first. Whether you operate
from battery power or from the ac adapter/recharger, the bartery pack must always be in the
calculator, The battery pack is never in danger of being overcharged,

To begin:

HP-19C:  Slide the OFF-PRGM-RUN switch orr [li[leuy to RUN.
PRGHM

Slide the Print Mode switch san[IINoaM 0 MAN
TRACE
HP-29C:  Slide the PRGM-RUN switch raom [l #un to RUN,

Display

Numbers that you key into the calculator and intermediate and final answers are always scen
in the bright red display. Should you see the display Error the first time you turn the caleulator
on, do not worry—it means that power to the calculator has been interrupted at some time,
Merely press any key on the keyboard to clear the display, then continue,

Ahoaok

The displays ill ing most examples in this h are shown 1o two decimal ploces,
like this: 0.00, As you will see, numbers can be seen in a wide variety of formats with your
calculator, but if you want the display on your calculator to look like the ones shown on
the next few pages, press — [] 2 now.

Keyboard

Each key on the keyboard can perform us many as three different functions. One function is
indicated on the flat planc of the key face. while the second and third functions may be
indicated by printed symbols in gold and blue, respectively: gold above the key, and blue on
the lower face of the key.

There are two prefix keys, and 1. By pressing one of these prefix keys before
pressing & function key, you select the function printed in gold or blue,

To select the function printed on the face of the key, press the key

To select the function printed in gold above the key, first press the gold prefix key
then press the function key.

To select the function printed in blue on the lower face of the key, lirst press the blue prefix
key 3, then press the function key.

[n this handbook, the key functions appear in the approptiate color outlined by  boa, like
this: (2. [CJ. (. Digit keys (0 through 9) appear like this: 1, 2, 3...
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Keying In Numbers

Key in bers by pressing the ber keys in seq , Just as though you were writing on
a piece of paper, The decimal point must be keyed in if it is purt of the number (unless it is to be
right of the fast digit). Remember, if you want your display to be the same as those shown
here, press [ 2.

For example to key in 148.84:

Press Display

148.84 148.84

The number, 148,84 is seen in the display.

Negative Numbers

To key in a negative number, press the keys for the number, then press BIB (change sign).
The number, preceded by a minus (<) sign, will appear in the display. For example, to change
the sign of the number now in the display:

Press Display
(5] -148.84

You can change the sign of either a negative or a positive nonzero number in the display.
For example, 10 change the sign of the ~148.84 now in the display back to positive:

Press Display
Chs ) 148.84

Notice that only negative numbers are given a sign in the display.

Clearing

You can clear any numbers that are in the display by pressing (clear X). This key erases
the number in the display and repluces it with 0.00

Press Display

cu ] 0.00

If you make a mistake while keying in a number, clear the entire number string by pressing
E®3 . Then key in the correct number.

Printer (HP-19C)

The printer has three modes of operation, which you control using the Print Mode switch
wan [T voam -
TRACE
a  With the Print Mode switch man [TTHlnorm setto MAN (manual ), the printer is idle and
THACE

does nar print unless you press the @ key or one of the other PRINT fusctions,
This mode gives yreatest economy of paper and battery power.

s With the Prnt Mode switch san[lil{noam set 1o NORM (normal). the calculator
TRACE

records & history of the caleulation sequence so that you can reconstruct your problem.
In this mode you see digit entnes and functions, but intermediate and final answers are
not printed unless you press the G key

e With the Print Mode swich wan[[lIvosm se1 10 TRACE, the calealutor prints

numbers, funclions, and intermediate and final answers. just us they are seen in the
display The results of functions are printed with the symbol *** to the nghr of the
number. In addition, when in PRGM (progeam) mode, the printer will record
mnemonics of your keystrokes us you enter your pragram into program memory

To advunce the pnnter paper, press £ G) and simply hold the key down until the
paper has advanced the desired amount, To replace the paper roll, refer to Your HP-19C
Printer in appendix A of this handbook.

No matter what print mode you choose, you seldom have to worry aboul “‘overrunning’’ the
printer when you are caiculating. Your HP-19C contains a key buffer that **remembers™ up to
seven keystraokes—no matter how fast you press the keys

Functions

In spite of the dozens of functions available on the keyboard, you will find the calculator
functions simple to by using u single, all-encompassing rule: When you press a
Sunction key, the calculator immediately executes the function written on the key.

Pressing a function key causes the calculator to immediately perform that function,
and display the result,

The best way o see how simple functions operate on your HP-19C is with the Print Mode
switch set to TRACE to give you a complete record of inputs, functions, and unswers,

Slide the HP-19C Print Mode switch man [[HlINome to TRACE now and make sure there is

TRACE
u roll of puper in the printer. I there is no paper, refer 0 Your HP- 19C Printer in appendix A
Ipage 186).

For example, 1o calculate the square root of 148,84 merely:

Foam Display 142,84 78

148.84 148.84 12.28 s
(] 12.20



Let's look briefly at the printed copy of that problem to see the simple way that the HP-19C
printer duplicates your calculations

The paper tapes are printed just as you read, From left to right and top 1o bottom, The number,
148.84, is printed exactly as you keyed it in. A symbol for the function performed, O
printed next 10 it, The answer, 12.20, is printed with i three-asterisk label to its right, in-
dicating that the HP-19C performed some operation in order 1o obtain the number as it is
printed,

Number keyed in—no astersks

N

£ = 1
i46. 5= \/ —— Function performed
12 L L2 )

Asterisks Indicate this number as

printed is the resull of some operation.

Now let’s continue: To square the result of the previous calculation:

Press Display

a 148.84 xe
148.84 wxx

@3, and [T are examples of one-number fucntion keys; that is, keys that execute upon a

single number. All function keys in the calculator operate upon either one number or two
numbers at a time (except for statistics keys like [ and [J—more ahout these later).

Function keys operate upon either one number or two numbers,

One-Number Functions

To use any one-number function key:
1. Key in the number.
2. Press the prefix key, then the function key.

For example, to use the function [Z], you first key in the number represented by x, press
the prefix key [, then press the function key. To calculate %, key in 4 {the x-number), press
2, and then press [,

Press Display
4 4

Y 4.88 1%
v o] 0.25 8.25 #¥x

Now try these other one-number function p
the appropriate prefix key, then press the function:

JJirst key in the number, press

= 0.04

25

V2500 = 50.00

0 = 100000.00 (Use the ] key.)

V3204100 = 1790.00
log 12.58925411 = 1.10
712 = 5041.00

Two-Number Functions

Two-number functions are functions that must have two numbers present in order for the
operation to be performed, (31, =, (¥, and [ are examples of two-number function keys.

You cannot add, subtract, multiply, or divide unless there are two numbers present in the
calculator. Two-number functions work the same way as one-number functions—that is, the

operation occurs when the function key is pressed. Therefore, bork numbers must beé in the
calculator before the function key is pressed.

When more than one number must be keyed into the caleulator before performing an operation,
the key is used 10 separate the two numbers.

Use the key whenever more than one number musl be keyed into the
calculator before pressing a function,

If you key in only one number, you never need to press EEER . To place two numbers into
the calculator and perform an operation:

I, Key in the first number.
. Press to sepante the first number from the second

wor

. Key in the second number.

N

. Press the function key to perform the operation.

For example, to add 12 and 3:

Press Display

12 12 The first number.

12.00 Separates the first .
number from the 12.85 '\‘.’
second. e +

3 a. The second number, 15.8¢ vid

15.00 The function, and

answer,



Other arithmetic functions are performed the same way:

To perform Press Display

12-3 12 3B s00 12,68 ERT?
3.08 -
8,60 yxd

12%3 12 im 36.00 12.8¢ ENTt
3.8 x
JE.00 42

12+3 12 3I@ 400 12.88 QT
3.8 =+
4.80 axx

The [ key is also a two-number operation, It is used to raise numbers to powers, and you
can use it in the same simple way that you vse every other two-number function key:

1. Key in the first number.

2. Press to separate the first number from the second.
3. Key in the second number (power).

4. Perform the operation (press (] ).

When working with any function key (including (] ), you should remember that the displayed
ber is always designated by x on the function key symbols.

The number displayed is always x.

|

So [Z] means square root of the displayed number, () meany ———— 3
& i . (5] mpans displayed number s

Thus, to caleulate 3%

Press Display
3 3,
3.00 3.86 ENT?
6 6 x, the displayed num- E.ee v
ber, is now six. 729.80 143
] 729.00 The answer.
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Now try the following problems using the (] key, keeping in mind the simple rules for two-
number functions:

16" (16 1o the 4™ power) = 65536.00

81* (81 squared) 6567.00 (You could also have done this as a one-

number function using [ )

2257 (Square root of 225) = 15.00 (You could also have done this as

one-number function using [[].)
2% (2 1o the 16™ power) = 65536.00

164 (4" root of 16) 2.00

Il

Chain Calculations

The speed and simplicity of operation of the Hewlett-Packard logic system become most
apparent during chain calculations. Even during the longest of calculations, you still perform
only one operation at a time, and you see the results as you calculare—the Hewlett-Packard
automatic memory stack stores up to four intermediate results inside the calculator until you
need them, then inserts them into the calculation. This system makes the process of working
through a problem as natural as it would be if you were working it out with pencil and paper
but the calculator takes care of the hard part,

For example, solve (12 + 3) X 7.

If you were working the problem with & pencil and paper, you would first calculate the inter-
mediate result of (12 + 3)..,
H+3rx7=
15

...and then you would multiply the intermediate result by 7.
3% T =
/15x 7 =105

You work through the problem exactly the same way with the calculator, one operation at 4
time. You solve for the intermediate result first...

(12 +3)
Press Display
12 12. =
12.88 ENT?
- NTER ¢ 12.00
T 4 .00 +
15.00 Intermediate result, 5N Ja
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... and then solve for the final answer, You don't need to press EXEE to store the inter-
mediate result—the calculator automatically stores it when you key in the next number.
To continue...

Press Display

The intermediate re-

sult from the preced-

ing operation is auto-

matically stored inside

the calculator when

you key in this 7.8 x
- 185.8€ wwy
Pressing the function

key multiplies the new

number and the inter-

mediate result, giving

you the final answer.

® 105.00

B the calculator stores i diate results ically, you don't need to print or
remember them. You can slide the Print Mode switch to NORM to preserve a record of your
calculations, and then press B8 10 print the final answer. The final answer will be in the
displayed X-register on both the HP-19C and HP-29C.

For example, when you solved the above problem in TRACE mode. you preserved alf inter-
mediate and final results. To solve the same problem and preserve only & history of the
calculations:

Slide the HP-19C Print Mode switch “‘“,-MQ""”"‘ 1o NORM

Press Display

12 12.

12.00

3 3. 12.68 ENT?
15.00 3.08 ¢+
7 [ 3 7.0 X
3] 105.00 185.82 ¥xs

(HP-19C) 105.00 Preserves the final
answer in your printed

record.,

Now try these problems. Notice that for cach problem you only have to press to insert
4 pair of numbers into the calculator—each subsequent operation is performed using a new

1 o

and an ically stored result,
To solve Press Display
2+3) 5
10 £ &

@ED 2.00 2.88 ENTt
3 3. 3.8+
® 5.00 18.88 =
10 10. 8.5¢ 1xs
G] 0.50
(HP-19C) 0.50

3(16 —4) 16 16
ENTER ¢ ’600
4 5 16.88 ENT?
8] 12.00 4.66 -
1 3. 3.60 x
® 36.00 36,80 xxsx
EE (1p-ec) 36.00

Lﬂ“_*L:Z 14 14
14.00
7 7. 14.80 ENT?
21.00 7.80 ¢
3 3, 3.6¢ $
24.00 2.80 -

2 q.80 =

= 22.00 5.5 %%
4 4
® 5.50
@8 (HP-15C) .50

Problems that are even more complicated can be solved in the same simple manner, using
the automatic storage of i diate results. For ple, tosolve (2 + 3) X (4 + 5) witha
pencil and paper, you would:

2+3)x{4+5)

]

First solve for the contents
of these p. h ;

...and then for these parentheses.

.and then you would multiply the
two di togeth




You work through the problem the same way with your HP-19C/HP-29C. First you solve
for the intermediate result of (2 + 3)...

Press Display

2 2,

[enten o 2.00 2.86 ENT?
3 3. 3.6 +
= 5.00 Intermediate result,

Then add 4 and 5:

(Since you must now key in another pair of numbers before you can perform a function, you
use the key again 10 separate the first number of the pair from the second.)

Procedure Press Display
4.0 ENT?

g;*s)’xiﬁ,;s)’ 4 EED 5 3 9.00 5.00 -+
Then multiply the intermediate answers together for the final answer:
Procedure Press Display
QAT X 445 @ 45.00 %

5XG= 45 BB (1190 45.00 45,806 aex
Notice that you didn't need to write down or key in the intermediate answers from inside the
parentheses before you multiplicd—the calculator ically stacked up the intermedi

results for you and brought them out on & Jast-in, first-out basis when it was time to multiply.

No matter how complicated a problem may look, it can always be reduced to a series of
one- and two-number operations. Just work through the problem in the same Jogical order
you would use if you were working it with a pencil and paper.

For example, to solve:

9+8) X(7+2)

(4 x35)
Press Display
9 o) 17.00 Intermediate result of $.86 EATT
© + 8). s.60  +
7 2@ 9.00 Intermediate result of 7.88 ENT?
(7 +2). 2.88 ¢+
® 153.00 (9 + 8) multiplied by X
(7 +2). 4.80 ENT?
4 5 20.00 Intermediate result of 5.08 «x
(4 % 5). ¥
O] 7.65 The final answer. 7.65 $4%

GB e 7.65
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Now try these probl R ber to work through them as you would with & pencil and
paper, but don’t worry about intermediate answers—they're handled automatically by the
calculator.

(2 X 3) + (4 x 5) =26.00

(14 +12) X (18 = 12) _
) 78.00

VIEH XS

= 181.00
05

4 %X (17 = 12) + (10 = 5) = 4.00

V2+3)x@+5+V(6+7) x(8+9) =215

A Word about the HP-19C/HP-29C

Now that you've leamed how to use the calculator, you can begin to fully appreciate the
benefits of the Hewleti-Packard logic system, With this system, you enter numbers using a
parenthesis-free, unambiguous method called RPN,

It is this unique system that gives you all these calculating advamagcs whclhcr you're writing
keystrokes for a program or using the calculator under |

» You never have to work with more than one function at a time. The calculator cuts
problems down to size instead of making them more complex.

» Pressing a function key i diatel the function. You work Ily through
complicated problems, with fcwcr keystrokes and less time spent.

» Intermediate results appear as they are calculated. There are no ““hidden'* calculations,
and you can check each step as you go.

4

» Intermediate results are ically h Using the HP-19C, you don’t even have
to print out long intermediate answers when you work u problem, {Of course. if you
want intermediate answers, the HP-19C printer will record them in TRACE mode.)

Aled

» Intermediate answers are automatically inserted into the problem on a last-in, firsi-out
basis. You don't have to remember where they are and then summon them.,

» You can calculate in the same order that you do with pencil and paper. You don't have
to think the problem through ahead of time,

The HP system takes a few minutes to learn. But you "Il be amply rewarded by the ease with
which your calculator solves the longest most With HP, the investment of
a few moments of learning yields a lifetime of malhemalcal dividends,




Section 2
Printer and Display Control

In the HP-19C/HP-29C, you can sclect many different options for display and printing of
numbers. But regardless of the display options in effect, the calculator always operates in-
temally using each number as a [0-digit mantissa and a two-digit exponent of 10. Thus,
when the calculator is set to display only two digits past the decimal point, the fixed constant
pi, which is represented internally as 3.141592654 x 107, will appear in the display as 3.14,

For example, when you compute 2 X 7, you might see the answer to only two decimal places:

Press Display

O 628 2,88 PFi

X

However, inside the calculator all numbers have 10-digit mantissas and two-digit exponents of
10. So the calculator acrually calculates using full 10-digit numbers:

2.000000000 x 100 75 [0 3141592654 x 107 &)

yiclds an answer that is actually carried 1o full 10 digits internally:

6.287155108 X 10
— e
You see:only thase d'g"s"'J L..‘bul these digits are also presant

The Continuous Memory of the calculator maintains values that are in the displayed X-register.
Any number that was in the display before you tum the calculator off will return to the
display when you tum the calculator back on,

Display Control Keys

There are three functions, ], [, and ], that allow you to control the manner in which
numbers appear in the caleulator display.

(] displays and prints bers in fixed decimal point format, while (] permits you to
view numbers in a scientific notation format. [ displ bets in engineenng nolalimf‘
with exponents of 10 shown in multiples of three (e.g., 107, 10°%, 10*%), By pressing a digit
key (0 through 9) after any of these display control functions. you specify the number of
digits displayed.

No matter which format or how many displayed digits you choose, display conirol alters
only the manner in which a number is displayed and printed. The actual number itself is not
altered by any of the print options or the display control keys.

Display mode is one of the items that is maintained by the Conti Memory of the HP-I‘)Q
HP-29C, s0 even though you may turn the calculator off, when you tum it back on again
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you will see numbers displayed in the manner you selected earlier. Most of the examples in
this handbook use two digits past the decimal point, but as you will soon see, you can work
problems with the display set to any mode you desire.

Fixed Point Display
10-digit number

s _>—

Decimal point

Using fixed point display, you can specify the number of places to be shown after the decimal
point. It is selected by pressing (] followed by a number key to specify the number of
decimal places (0 through 9) to which the display is to be rounded. The displayed number
begins at the left side of the display (or the right side of the printed tape on the HP-19C)and
includes trailing zeros within the setting selected. Note that when you tum your calculator
OFF, then back ON (RUN on the HP-19C), the calculator remains in the same display number
mode and the previous value in the displayed X-register is retained.

For example:

Slide the HP-19C Print Mode switch man [ITINOR™ 1o MAN now so that you can concentrate

on the display changes THACE

Press Display
2 6.28 [ 2 display mode
used in this handbook.,
Result remains from
previous example
123.4567 123.4567
o 123, Display is rounded off

to O decimal places.
Internully, however,
the number maintains
its original value of
123.4567 000 x 10°°,

CJa 123,4567
(Tumn the calculator off and back on)

123.4567 Calculator remains in
the same display
mode; number in X-
register is retained.

3s 123.45670

(| 1235 Notice that the display
rounds il the first fid-
den digit is 5 or great-
er.

/2 123.46 Normal [ 2 display

Scientific Notation Display

Sign of exponent of 10

¥

oA s‘gn—._

8-digit mantissa

Exponent of 10

In scientific notation each number is displayed with a single digit to the left of the decimal
point followed by a specified number of digits (up to seven) to the right of the decimal point
and multiplied by a power of 10. Scientific notation is particularly useful when working
with very large or small numbers

Scientific notation is selected by pressing () followed by a digit key to specify the
number of decimal places to which the number is rounded. The display is left-justified and
includes trailing zeros within the selected setting. The HP-19C printed copy Is nght-justified
with a sign to identify the exponent of |0,

Press Display
123.4567 123.4567
E2 1.23 02 Indicates 1.23 x 107,
CO4 1.2348 02 Indicates 1,2346 x 107,
Notice that the display
rounds if the first hid-
den mantissa digit is §
or greater,
GE7 1.2345670 02 Indicates 1.2345670
X 102,

Note: You can easily key in numbers in scientific notation format by using the
{enter exponent) key —more about this later

Engineering Notation Display

Specified significant
digits after the first one
i,
Exponent of 10
~a—always a mulliple
of three
One significant

digit always present
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Engineering allows all numbers to be shown with exponents of 10 that are multiples of
three (e.g., 10, 1079, 10'%).

This is particularly useful in scientific and engineering calculations, where units of measure are
often specified in multiples of three, Refer to the prefix chart below.

Multiplier | Prefix | Symbol
107 tera T
10° giga G
100 mega ‘ M
100 kilo k
10-2 milll m
10-¢ micro “
10°° nano n
10~ pico p
10" femto !
10" atto a

Engineering ion is selected by pressing 1 followed by a number key, The first

significant digit is always present in the display, and the number key specifies the number
of additional significant digits to which the display is rounded. The decimal point always
appears in the display. For example:

Press Display

0123456 0.0123456

[ 1] 1 12 -03 Engineering notation
display. Number
appears in the display
rounded off 1o one
significant digit after
the omnipresent first
one. Power of 10 is
proper multiple of
three.

/] 3 12.35 -03 Display is rounded off
to third significant
digit after the first one.

0 Gzl 7 12,395600 -03

[ ] 0 10. -03 Display rounded off 1o

first significant dagit.

Notice that rounding can occur to the leff of the decimal point, as in the casc of 0
specified above,

36 Prnter and Cisplay Control

When engineering ion has been selected, the decimal point shifis to show the mantissa
of 10 as a multiple of three,

as unils.‘:cns. or hundreds in order to maintain the
For example, multiplying the number now in the calculator by 10 causes the decimal point
to shift (o the right without altering the exponent of 10:

Press Display
BE2 12.3 -03
10 % 123. -03

However, multiplying again by 10 causes the exp tw shift to anoth Itiple of three,
Since you specified () 2 earlier, the calculator maintains two significant digits after the first
one when you multiply by 10,

Press Display

10 3 1.23 00 Decimal point shifts.
Power of 10 shifts 10
10" Display main-
tains two significant
digits after the first
one.

Format of Printed Numbers (HP-19C)

When using the printer, whether you are in MAN or NORM mode (where you must press
BB 10 see answers) or in TRACE (where the HP-19C automatically prints answers as
they are calculated). printed numbers can be shown in any display format—fixed point,
scientific notation, or engineering notation. By selecting the display format, you also select
the print format.

Resulty from your HP-19C ure always displayed and printed in the format that you have
chosen. The three-asterisk Jabel that you see printed next to a result is a guarantee that i1 s in
the chosen display format. Although numbers in the display are lefi- justified, printed numbers
are right-justified.

Numbsers that you key in—rthis is, numbers that are not the results of operations—are also
printed by the HP-19C. When you key in i number with the Print Mode switch set to NORM or
TRACE. the HF-19C does not print it until you change display format or press a function key.
Then the number is printed exactly as you keved ir in, {One case is an exception to this rule—
more about that later.) A number that you keyed in is not the result of an operution, and 0o
astenisks are printed to its right, Subsequent results, of course, are printed In the selected
format with a three-astensk label, For example;
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Slide the Print Mode switch MLN*&NW to NORM.

Press Display

0012345 0.0012345

1.235 -03 When you press any

function, the number
is first printed just as
you keyed it in,

[ x ] 1.235 -03 Results of functions,
including display for-
matting, are printed in
the selected format

8.8812345 SCI13
1.235-82 ¥us

123456789, ¢ ENGE

123456789 123456789. 123.4568+66  ¥43

[+] 6 123.4568 06 The number is printed
as you keyed it in.
[P x] 1234568 06 The three-asterisk

Iabel gunrantees that
the number is now in
the selected format.

Notice that the HP-19C prines o + (plus) sign to show you positive exponents of 10.

Thus, whenever you key in a number, the HP-19C prints it just as you keyed it in; then the
format is changed. It is easy for you 10 reconstruct your calculation because your exact
inputs are ideatifiable from your printed copy.

When you have keyed in a number, there is one time that the HP-19C will change its format
before printing, If you have specified fixed point notation the HP-19C will attempt to align the
decimal points for easy readability on your printed copy. It will do this in fixed point notation
by printing the number that you keyed in in the specified format (if the number can be printed
without truncating), adding trailing zeros and exponent if necessary.

This feature permits you to key in numbers in fixed point notation and line up the decimal
points in the printed recond of your calculations,

Example: You begin the manth with o balance of
§735.43 in your checking account, During the
month, you write checks for $235. $79.95, §5,
$1.44, $17,83, $50, and $12.43. Calculute the
closing balance for the account und preserve a printed
record of your culculations.

First, ensure that the HP-19C Print Mode switch
mﬁmﬂ is set to NORM

Press Display
oG 2 123.45 Sers (0 2 display
mode. (Result remaing
trom previous
problem, )
735.43 735.43 FIx2
235 3 500.43 Two extra zeros 735.43 ENTH
printed so that decimal 235.80 -
points will line up. 79,85 -
79.95 & 420.48 The number &5 printed s' e -
exactly us you keyed :
itin ""‘: -
5@ 415.48 Two extri 2er0y 7,82 -
printed. se.ec -
1.44 B 414.04 12,43 <=
17.83 @ 396.21 333.78 xxs
50 & 346.21 TWo extra zeros
printed
1243 (= 333.78
333.78 Closing balance

You need not worry about **losing™" digits an the printed copy. The HP-19C printer will
never truncate digits (not even extra zeros) that you have keyed in. For example, if you
wanted 1o set aside 5/10000 of the closing balance of your sccount for o present for your
sister-in-taw:

Press Display
0005 0.0005
53] 0.17 Entire numhw'u 8.0065
printed—not rounded =
10 2 e.17 axx
PRX .17 Amount set uside [or

sister-im-law's gift.
Result of function is
rounded to (E3) 2.

Automatic Display Switching

The HP-19C/HP-29C switches the display from fixed point nolation (o scientific notation
with the same number of decimal places as previously set by (5] whenever the number
ts 100 large or too small to be scen with a fixed decimal point. This feature keeps you from
missing unexpectedly large or small answers, For example, if you try to solve (.05 in
normal [F5) 2 display, the answer is automatically shown in scientific notation.



Press Display
[cLx] 0.00 Normal [5] 2
display.
CLX
05 GIER 005 - " .65 ENT?
I 1.25 -04 splay automatically .60 v
switched to 10 1.25-6¢ wid
show answer, o
1.25 -04

After automatically switching from fixed point 1o scientific display, when a new number is
keyed in or @H is p d, the display ically reverts back to the fixed point display
originally selected.

The caleulator also switches to scientific if the answer is too large (= 10'") for fixed
point display, For example, the display will not switch from fixed point if you solve
1582000 x 1842:

Press Display

1582000 1582000. .
D 1582000.00 lsgfggg- gg E-‘«I’
1842 ] 20914044000. Fixed point format. %
2914044000, 2314845000, wa4

However, if you multiply the result by 10, the answer is 100 large for fixed point notation,
and the calculator display switches automatically to scientific notation:

Press Display
0E 2.91 10 Scientific notation
format. ig.e0
7] 2.91 10 2.81416  wix

Notice that. automatic switching is between fixed and scientific notation display modes
only—engineering notation display must be selected from the keyboard.

Keying in Exponents of Ten

You can key in numbers multiplied by powers of 10 by pressing (enter exponent of
10} followed by number keys to specify the exponent of 10. For example, to key in 15.6
trillion (15.6 X 10%), and multiply it by 25:

Press Display

15.6 15.6

@ 15.6 00

12 156 12 This means 15.6

X 1012,

30 iner and Clispiay Contro

Now Press Display

1.56 13 15.6412 ENTY
25 ® 3.90 14 25.ec  x
3.90 14 3.98+14  wwx

You can save time when keying i exact powers of 10 by merely pressing and then
pressing the desired power of 10. For example, key in 1 million (10%) and divide by 52.

Press Display
EEX 1. 00 Youdonot have to key
in the number | before
pressing when the
number is an exact
power of 10,
6 1. 06 2.3 -
.+06 ENTE
1000000.00 Since you have not ;2 g =
specified scientific ! 923‘,' >
notation, the display O
reverts to fixed point
netation when you
press GOER.
52 19230.77
19230.77
To see your answer 1n scientific notation with six decimal places:
Press Display
(e 1923077 04 SCié
[Prx] 1.023077 o4 1.823877+6< wx:

To key in negative exponents of 10, key in the number. press @@3. press to make the
exponent negative, then key in the power of 10, For example, key in Planck's constant
(h)—mughly, 6.625 X 10-*" erg sec.—and multiply it by 50.

Press Display
CLX 0.000000 00
2 8.00 £ix
6.625 00 Fix2
6.625 ~%0 6.625-27 ENTH
6.625 ~27
50.80

6.63 -27 3.31-25 ¥es

50 [®) 33 -25 Erg sec.

331 -25



Calculator Overflow and Underflow

When the number in the calculator would be greater than 9.999999909 x 107, the calculator
displays ull 9°s to indicate that the problem has exceeded the calculator's range. For example,
if you solve (1 % 10%) % (I % 10°%), the calculator will display the answer:

Press Display

[cix] 0.00 eL
49 1.00 49 1.+49 ERTE
Emsox 100 99 1,458 x
PRY 1.00 89 1.88+3% w42

But if you attempt to multiply the above result by 100. the calculator display indicates overflow
by showing you all 9's:

Press Display
100 X 9.9999998 99 Overflow indication, 166.6¢ x
(Pex] 99999959 93 9.9999999+39  yuu

Numbers 107" and smaller are too small for the caleulator to display or hold internally. When
anumber 107'™ or smaller is calculated the HP-19C/HP-29C substitutes a zero for the result,

Error Display
If you happen to key in an improper operation the word Error will appear in the display.

In addition, if the HP-19C Print Mude switch san[lE]womm is wet 10 NORM or TRACE,
the printer will print £££0F TRACE

For example, if you attempt to calculate the square root of —4, the calculator will recognize
it as an improper operation:

Ensure that the HP-19C Print Mode wwitch wan [ilInorw [+ sel 10 NORM

TRACE
Press Display
4 -4, -4.80 VX
L o | Error ERRCR

Pressingany key clears the error and is nes executed. The number that was in the display before
the ervor-causing function is returned to the display so that you can see it. Sliding the HP-19C
OFF-PRGM-RUN switch or the HP-29C PRGM-RUN switch to PRGM also ¢lears the error.

42/43 Printer and Display Sontr

When the switch is then returned to the RUN position, the number that was in the display before
the eror-causing function is again returned there. The rest of the calculator remains un-
changed. To clear the error:

Press Display
[ ] -4.00

All those operations that cause an error condition are listed in appendix B.

Low Power Display

When you are operating from battery power in RUN mode, the decimal point blinks on and
off to wam vou that you have a minimum of one minute of operating time left.

| 6.02 23| Low Power Indicator
Blinks on and off

In PRGM mode, a blinking decimal point will appear between the step number and the
keycode. You must then cither operate the calculator from the battery charger/ac adapter as
described under AC Line Operation, or you ¢an substitute a fully charged battery pack for the
one in the calculator.



Section 3

The Automatic Memory Stack

The Stack

A i ge of intermediate resuls is the reason that the HP-19C/HP-29C slides so
casily through the most complex eguati And ic storage is made possible by the
Hewlett-Packard automatic memory stack.

Display

The display format used in this scction is obtained by pressing (0[] 2. You can work
through this section with the HP-19C Print Mode switch at any setting you desire. However,
the printed tapes that illustrate the examples in this section were created with the HP-19C

Print Mode switch man [lilllTInorw et 10 NORM,

TRACE
When you see decimal digits like 0.00 m the display, the t P the of
the **X-register” in the calculator.
Basically, numbers are stored and ipulated in the hine *‘registers.’” Each ber,

no matter how few digits (e.g.. 0, 1, or 5) or how many (e.g., 3.14159265, -23.28362, or
2.8714890 X 10°7), occupies one entire register.

The displayed X-register, which is the only visible register, is one of four registers inside the
calculator that are positioned to form the automatic memory stack, We label these registers
X, Y, Z,and T. They are ““stacked"” one on top of the other with the displayed X-register on
the b When the calculator is switched on, the Y, Z, and T registers are cleared to 0.00.
The X-register is maintained by the Continuous Memory.

Switch the calculator OFF, then ON (RUN on the HP-19C).

Display

0.00 CLX

Register

0.00

0.00

0.00

0.00 Always displayed.

x<N-|§lg

You can view the contents of the entire stack at any time on the HP-19C by printing them using
the (print stack) key

Press Display

PR3ST

g.ee T

| D) g.e¢ <&
$- 0.00

g.ee 7

g.ee o
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Notice that (:]. like @I and the other print functions, operstes regardless of the
position of the Print Mode switch

Manipulating Stack Contents

The B (roll down) and {x exchange y) keys allow you to review the stack contents
or to shift data within the stack for computation at any time.

Reviewing the Stack
To see how the key works., first load the stack with numbers 1 through 4 by pressing:
4 3 EHED 2 ENED |

The numbers that you keyed in are now Joaded into the stack, and its contents look like this:

4.00

T -
z 3.00 4,e¢ gh..
Y 2.00 3.0e chit
. 2,86 ENT?
X 1. Display ’ !
To print the contents of the stack now;
Press Stack Contents 1,60 FRST
T 4.00
Z 3.00 ;'g‘:' !
DEEE Y 200 % 5
X 1.00 2.82
l.e¢ X
When you press the @ key, the stack shift ward one register. So the last

number that you have keyed in will be rotated around to the T-register when you press 7+
When you press @ again, the stack contents again roll downward one register.

To see how the key operates, press 1 ] on the HP-19C 10 list the stack contents
after cach press of the key:

Press Stack Contents 5y
e

PRST

T 100 i

@ Z 400 1,06 T
0 E= Y 3.00 tep
X 200 Display. .ee v

2.688 X

Press Stack Contents

Ré
T 2.00 FRST

Z 1.00
@ Y 4.00 .88 7
0 Esx X 3.00 Display. Les 2
iy 4.88 v
3.66 &
R
T 3.00 FRST

0D E=D Z 200
Y 1.00 J.ee T
X 4.00 Display. 2.6¢ 2
.8 Y
4.0 X
4
@ T 4.00 PRET
| + JUSE Z 3.00 =
- S toe T
X 1.00 Display. g ‘
e 2.80 Y
.06 X

Once again the number 1.00 is in the displayed X-register. Four presses of the key roll
the stack down four times, returning the contents of the stack to their original registers.

Exchanging x and y

The BB (x exch ge v) key exchanges the o of the X- and the Y-registers without
affecting the Z- and T-registers. If you press BB with data intact from the previous example,
the numbers in the X- and Y-registers will be changed...

«.. from this ... ... to this,

T 400 T 4.00

Z 3.00 Z 3.00

Y 2.00 Y 1.00

X 1.00 Display X 200  Display.
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You can verify this on the HP-19C by first listing the stack contents and then prsssing B2 To
see the results, hist the stack contents again:

Press Stack Contents
o EEe T 4.00 PRST
Z 3.00
Y 200 4,66 T
X 1.00 Display. 3.ee 2
2.66 Y
1.66 X
()] 72y
FRST
0 EEY T 4.00 408 T
Z 3.00 3.6 2
Y 100 1.68 ¥V
X 200 Display. 2.8 X

Notice that whenever you move numbers in the stack using one of the data manipulation keys,
the actual stack registers maintain their positions. Only the contents of the registers are shifted.
The contents of the X-register are always displayed,

Clearing the X-Register

When you press [ (clear x), the displayed X-register is cleared to zero. No other register
is affected when you press [E¥3 .

Press now, and the stack contents are changed..

<. from this ... <« tothis,

T 400 T 400

Z 3.00 Z 3.00 CLX
Y 100 Y 1.00

X 200 Display. X 0.00

Although it may be comforting, it is never necessary to clear the displayed X-register when
starting a new calcwlation. This will become obvious when you see how old results in the
stack are automatically lifted by new entries.

The 558 Key

Wh_cn you key a number into the calculator, its contents are written into the displayed X-
register. For example, if you key in the number 314.32 now, you can see that the display
contents are altered,
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When you key in 314.32 with the stack contents intact from previous examples the contents of

the stack registers are changed...

<. from this ... ++ to this.

T 4.00 T 4.00

Z 3.00 Z 3.00

Y 1.00 Y 100

X o0.00 Display. X 314.32 Display.

In order to key in another number at this point, you must first terminate digit entry—i.e.,
you must indicate to the calculator that you have completed keying in the first number and
that any new digits you key in are part of a new number.

Use the GIMER key to separate the digits of the first number from the digits of the second,
When you press the key, the contents of the stack registers are changed. ..

o from this ... ++s to this.

T 400 T 3.00

Z 3.00 Z 1.00

Y 100 Y 314.32

X 31432 Display. X 31432 Display.

As you can see, the number in the displayed X-register is copied into Y. The numbers in Y and
Z have also been transferred to Z and T, respectively, and the number in T has been lost off

the top of the stack.

Immediately after pressing the X

is prepared for a new ber, and that new

number writes over the number in X. For example, key in the number 543,28 and the contents

of the stack registers change. ..

v from this ... «es 10 this.

T 3.00 T 3.00

Z 1.00 Z 1.00

Y 314.32 Y 31432

X 314.52 Display. X 54328 Display.

E®3 replaces any number in the display with zero. Any new number then writes over the

zero in X,
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For example, if you had meant 10 key in 689.4 instead of 543.28, you would press EH3 now
to change the stack...

... fromthis... +ue to this.

T 3.00 T 3.00

Z 1.00 Z 100

Y 31432 Y 31432

X 543.28 Display. X 000 Display.

and then key in 689.4 to change the stack...

... fromthis... +«s to this,

T 3.00 T 3.00

Z 1.00 Z 1.00

Y 31432 Y 31432

X 0.00 Display X 6894 Display.

Notice that numbers in the stack do not move when a new number is keyed in immediately
after you press LD, G¥3. or @ However, numbers in the stack do lift upward when
a new number is keyed in immediately after you press most other functions, including @ and
&3 . Sce appendix C, Stack Lift and LAST X, for a complete list of the operations that
cause the stack to lift,

One-Number Functions and the Stack

One-number functions execute upon the number in the X-register only, and the contents of the
Y-, Z-, and T-registers are unaffected when a one-number function key is pressed.

For example, with numbers positioned in the stack as in the previous example, pressing
18 [ changes the stack

o from this ... ... to this.

T 3.00 T 3.00

Z 1.00 Z 1.00

Y 31432 Y 314.32

X 689.4 Display. X 26.26 Display.

The one-number function executes upon only the number in the displayed X-register, and the
answer writes over the number that was in the X-register. No other stack register is affected
by a one-number function.
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Two-Number Functions and the Stack

Hewlett-Packard calcul do arithmetic by positi g the bers in the stack the same
way you would on paper. For instance, if you wanted to add 34 and 21 you would write 34
on a piece of paper and then write 21 underneath it, like this:

34
21

and then you would add, like this:

Numbers are positioned the same way in the calculator, Here's how it is done. (As you
know, it is not necessary to remove carlier results from the stack before beginning a new
calculation, but for clanty, the following example is shown with the stack cleared to all
zeros initially. If you want the contents of your stack registers 1o maich the ones here, first
clear the stack by using the and [EEIEE kevs to fill the stack with zeros.)

Display
0.00
0.00
0.00 14
0.00 Stack cleared to zeros ENT?
initially. ZNT?
34. 34 is keyed into X. ZNT?
34.00 34 is copied into Y 34.0¢ £NT?
21 21. 21 writes over the 34
in X,

Now 34 and 21 are sitting vertically in the stack so we can add.
To see this on the HP-19C,

Press Display
) 21.00 21.8e FRET
e.88 T
g.6e 2
24.88 ¥
21.88 X



Now add:

+

PRST
55.00 g.e¢ T
[+ J m | 55.00 a.ee 2
g.ee 7
§5.66 X

The simple old-fashioned math notation helps explain how to use your caleulator. Both
numbers are always positioned in the stack in the natural order first, then the operation is
exccuted when the function key is pressed. There are no exceptions to this rule. Subtraction,
multiplication, and division work the same way. In each case, the data must be in the proper
before the op can be performed.

|4

Chain Arithmetic

You've already learned how to key numbers into the calculator and perform calculations with
them. In cach case you first needed to position the numbers in the stack manually using the
key. However, the stack also performs many movements automatically, These auto-
matic add o its ing efficiency and ease of use, and it is these movements
that automatically store intermediate results. The stack automatically **lifts”" every calculated
number in the stack when 2 new number is keyed in because it knows that after it completes
a calculation, any new digits you key in are 4 part of a new number. Alse, the stack auto-
matically '‘drops’* when you perform a two-number operation.

To see how it works, let's solve 16 + 30 + 11 + 17 =7

If you want the contents of your stack registers to match those shown here, first clear the
stack by using the EH3 and keys to fill the stack with zeros.

Remember, too, that you can always monitor the contents of the stack at any time by using
the " ) function on the HP-19C, or on both the HP-19C or HP-29C. However,
using B or EB to monitor the contents of the stack immediately following the [IHEER or
keys may cause an erroneous result,

Press Stack Contents

16 0.00

0.00 16 is keyed into the
0.00 displayed X-register.
16.

X <N -

0.00 16.88 ENT?
0.00 16 is copied into Y,
16.00

16.00

X < N =

0.00
0.00
16.00
30.

X <N -

0.00
0.00
0.00
46.00

X <N~

0.00
0.00
46.00
11.

X <N-H

0.00
0.00
0.00
§7.00

*x <N =

0.00
0.00
57.00
17.

X <N

0.00
0.00
0.00
74.00

X <N~

30 writes over the 16
in X.

16 and 30 are added 36,68
together,

The answer, 46, is

displayed.

11 is keyed into the
displayed X-register.
The 46 in the stack is
automatically raised.

46 and 11 are added 11.88
together.

The answer, 57, is

displayed

17 is keyed into the X-
register, 57 is auto-
matically entcredinto Y.

57 and 17 are added to- 17.8¢
gether for the final
answer.

74.8¢

‘et

Alter uny calculation or number manipulation, the stack auwtomatically lifts when a new
number is keyed in. Because operations are performed when the operations are pressed, the
length of such chain problems is unlimited unless a number in one of the stack registers exceeds
the range of the calcalator (up 10 9999999999 x 10"%).



In addition to the automatic stack lift after a caleulation, the stack ically drops during
calculations involving both the X- and Y-registers. It happened in the above example. but let’s
do the problem differently to see this feature more clearly. For clarity, first press to clear
the X-register. Now, again solve 16 + 30 + |1 + 17 =?

Press Stack Contents

16 0.00

0.00 16 is keyed into the
0.00 displayed X-register.
186.

X< N=-

CLk
0.00 16.00 ENTT
16 is copied into Y

16.00
16.00

x < N =
o
8

0.00

0.00 30 is written over
16.00 the 16 in X,

30.

30

x <N

0.00 30,00 ENT?
16.00 30 is entered into Y,
30.00 16 s lifted up 10 Z,

30.00

xX < N A

0.00

16.00 11 15 keyed into the
30.00 displayed X-register.
1.

x < N =

16.00 11,00 ERTH
30.00 11 is copied nto Y.

11.00 16 and 30 are lifted up

11.00 to T und Z respectively,

x < N -

16.00

30.00 17 is written over the
11.00 Ilin X,

17.

X < N -

17 and 11 are added

] T 16.00 together and the rest of 17,00 +
Z 16.00 the stack drops. 16
Y 30.00 drops to Z and is also
X 2800 duplicatedin T. 30 and
28 are ready to be
added.
T 16.00 30 and 28 are added *
Z 16.00 together and the stack
Y 16.00 drops again. Now 16
X 58.00 and 58 are ready to be
added.
T 16.00 16 and 58 are added +
Z 16.00 together for the final
Y 16.00 answer and the stack
X 74.00 continues to drop.
74.00 ¥xs

The same dropping action also occurs with (=), (3 and . The number in T is duplicated
in T and drops to Z, the number in Z drops to Y, and the numbers in Y and X combine to
give the answer, which is visible in the X-register.

This automatic lift and drop of the stack give you tremedous computing power, since you can
retain and position intermediate results in long calculations without the necessity of reentering
the numbers.

Order of Execution

When you see a problem like this one:
5x[B+4)~(5+2)+@x3] +3x.213)

you must decide where 10 begin before you ever press a key.

Experienced HP calculator users have determined that by starting every problem at its inner-
most number or parentheses and working outward, just as you would with paper and pencil,
you maximize the efficiency and power of your HP calculator, Of course, with the HP-19C/
HP-29C you have tremendous versatility in the order of execution.

For cxample, you could work the problem abave by beginning at the left side of the equation
and simply working through it in left-to-right order. All problems cannot be solved using
left-to-right order. however, and the best order for solving any problem is to begin with the
innermost parcntheses and work outward, So, to solve the problem above:



Press Display
3 3.
@mD 2.00
4 4.
® 0.75 Intermediate answer
for (3 + 4).
5 5.
ENTER # 5.00
2 2,
= 2.50 Intermediate answer
for (5 = 2).
] -1.75 Intermediate answer 3.66 ENT?
for(3 +4) —(5+2). 4.86 =
S5.8G eNTt
2.66 =
4 a <
4.00 4.86 ENTT
3 3 3.66 «x
12.00 Intermediate answer *
& ST e 2.00 ENTH
o] 10.25 Intermediate answer 8.213
for(3 +4)-(5+2) £
+ (4 xX3), 5.86 x
86.26 xxx
3 3.
@ED 3.00
213 213
63} 0.64 Intermediate answer
for (3 x .213).
16.04
5 5 The first number is
keyed in,
) 80.20 The final answer
80.20
LAST X
In addition to the four stack registers that ically store intermediate results, the cal-
culator also ins a ic register, the LAST X register. This register pre-

serves the value that was lillsl displayed in the X-register before the performance of a function.
To place the contents of the LAST X register into the display again, press ©~ (1.

56 The Automatic Memory Stack
Recovering from Mistakes

[C] makes it casy to recover from keystroke mistakes, such as pressing the wrong func-
tion key or keying in the wrong number,

Example: Divide 12 by 2.157 after you have mistakenly divided by 3.157,

Press Display

12 12.

12.00 ~

57 3@ 3.80 QOops! You made a 12.60 ENTt
mistake. 3.157

3.16 Retrieves that last LETH

entry {(3.157). X

3] 12.00 You're back at the 2,157 +#
beginning. 5.58 avs

2157 3 5.56 The correct answer.

5.56

In the above example, when the first (3] is pressed, followed by = [ 1. the contents of the
stack and LAST X registers are changed...

+oo fromthis ... wetothis... <+« to this.
T o0.00 T 0.00 T 0.00
Z 0.00 Z 0.00 Z 000
Y 1200 Y o0.00 == Y 380
X X

3.157—\’@—;>x 3.80 / 3.16
LAST X 3.157

This makes possible the correction illusirated in the example above,
Recovering a Number for Calculation

The LAST X regsster is uscful in caleulations where s number occurs more than once. By
recovering a number using [, vou do not have to key that number into the calculator

again.

Example: Calculate
7.32 + 3.6501123
3.6501123



Press Display

7.32 7.32

D 7.32

3.6501123 3.6501123 Intermediate answer. L

10.97 Recalls 3.6501123 232 EXT
to X-register. J.6501127 +

L5TX

B - 3.8 wxx
The answer

5] 3.01

a.01

Constant Arithmetic

You may have noticed that whenever the stack drops because of a two-number operation (not
because of ), the number in the T-register is reproduced there. This stack operation can be
used to insert 2 constant into a problem.

Example: A bacteriologist tests a certain strain
whose population typically increases by 15% each
day. If he starts a sample culture of 1000, what will be
the bacteria population at the end of euch day for six
consecutive days?

Method: Put the growth factor (1.15) in the Y-, Z-,
and T-registers and put the original population ( 1000)
in the X-register, Thereafter, you get the new popula-
tion whenever you press (%, Try working this prob

lem with the HP-19C Print Mode switch set to L
TRACE so thit you'll have a record of all the answers
without pressing cuch time

Slide the HP-19C Print Mode switch wanTWnoam 10 TRACE
TRACE

Press Display

115 1.15 Growth factor. v
115 hc iy
1.15 ENTT
1.15 Growth factor now

inT.

Q

For example, to recall the number of persons carried daily by the Japanese National Railway:

1000 1000. Starting population. 1888, 8¢ ¥
= 1150.00 g:;ulalion after 1 1156.88 3¢

2 X

ati il

= 1322.50 2;(1];1!«"1 after 2 1322.58 443

1520.88 ! fi el 2
E3] mrllalut)n after 3 1526.88 way

® 1749.01 Population after 4" %
day. 1745.81 a4

® 2011.36 Population after 5" -
day. 2811.36  wir

3] 2313.06 Population after 6" X
day. 2312.86 w3

When you press [5] the first time, you calculate 1.15 % 1000, The result (1150.00) is displayed
in the X-register and a new copy of the growth factor drops into the Y-register. Since a new
copy of the growth factor is duplicated from the T-register each time the stack drops, you
never havc to reenter it.

Notice that performing a two-number operation such as (X] causes the number in the T-register
to be duplicated there euch time the stack is dropped. However, the key, since it rotates
the contents of the stack registers, does not rewrite any number, but merely shifts the numbers
that are already in the stack,



Section 4
Storing and Recalling Numbers

You have learned about the calculating power that exists in the four-register automatic memory
stack and the LAST X register of your HP-19C/HP-29C calculator. In addition to the automatic
storage of intermediate results that is provided by the stack, however, the caleulator also con-
tains 30 addressable data storage registers that are unaffected by operations within the stack.
These registers allow you to manuaily store and recall constants or to set aside numbers for use
in later calculati Like all functi you ¢an use these storage registers either from the key-
board or as pant of a program. The primary registers are part of the Continuous Mcmory
of the calculator and maintain their contents even though the calculator is tumed OFF.

The diagram below shows all ge registers. The addrn of the primary storage registers
are indicated by the bers () through 9 and by .0 through .5. The address of the indi
torage registers are indicated by the bers (16) through (29).

Storing and recalling numbers in the 14 indirect storage registers is explained in section 12
{page 164).

Automatic Memory Stack Primary Storage Registers Indirect Storage Registers

T R, Ruu
z R, R,
Y R, Row
X R, Ry
LAST X R, Rizoi
Rl Hl?li
HI RI?!l
R-p RIZJI
HQ RI!IX
A, Ray
R‘D RIBG)
A, A
A R
R Ruel

R-A

R.,



Primary Storage Registers

Storing Numbers
‘To store a displayed number in any of storage registers R, through Re.
1. Press @ (store).
2. Press the number key of the applicable register address (0 through 9).

For example, to stare Avogadro’s aumber (approximately 6.02 % 10%) in register Ry

T
Slide the HP-19C Print Mode switch to NORM mﬁi]uom il you want your printed tape
to match the ones shown here

Press Display
6.02 (@E 23 602 23 6.082+23 ST02
2 6.02 23

Avogadra's number is now stored in register R,. Notice that when a number is stored, it is
merely copied into the storage register, 50 6.02 x 10°* ulso remains in the displayed X-register.

To store a displayed number in any of storage registers R., through R.;.
1. Press B8
2. Press the decimal point key (.
3. Press the number key of the applicable register address (0 through 5).

For example, to store 16,495,000 (the number of persons carried daily by the Japanese
National Railway) in register R.;:

Press Display
16495000 16495000. =2
[510 QIS 16495000.00 16495808, 60 7.4

The number has been copied into storage register R and also remains in the displayed
X-register,

Recalling Numbers

Numbers are recalled from storage registers back into the displayed X-register in much the
same way as they are stored. To recall a number from any of storage registers R, through Ry

1. Press (recall).

4

2. Press the number key of the applicable register address (0 through 9},
For example, to recall Avogadra's number from register Ru:

Press Display
N 2 6.02 23 RCL2

62 Stonng and Recaling Number

To recall a number from any of registers R., through R.5:
. Press GE9.
2. Press the decimal point key (2.
3. Press the number key of the applicable regi ddress ([@) through (8)).
For example, to recall the number of persons carried daily by the Japanese National Railway:
Press Display
4 16495000.00 RC.4

Recalling a number causes the stack to lift unless the preceding keystroke was GIIGD . E¥3 .
or B (more about B3 later).

Printing the Storage Registers (HP-19C)

You can see the contents of all storage registers at any time with the ) key Simply press
1) B to print s listing of the contents of all the numbered storage registers, For example,
if you have worked through the examples as shown ubove, printing the contents of the storage
registers should give you a listing like the one shown below

Press Display ’,
0 E=) 16495000.00 e.es Rgc

8.86 1
6.82423 2
g.ge 3
.82 4
.68 S
6.66 6
8.66 7
e.66 2
e.ee =
8.86 .¢
e.88 .
0.88 .2
8.6¢ .3
16495p08.06 <
e.e¢ .S
8.8 16
.88 17
8.ee 13

8.ee :
e.ea 2e
B.8e Z:
B.86 2z
B.pe 23
B.68 24
.66 25
B.88 26
B.ee 27
.66 28

8.0 23
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If you want only 4 partial listing of storuge registers, you can stop the printing of them at any
time by pressing any key. The contents of the X-register prior to pressing [ are retumed
to the displayed X-register,

Clearing Storage Registers

Even though you have recalled the ¢ ofa ge register into the displayed X-register,
the ber also ins in the ge register. You can clear storage registers in either of
(WO Ways:

« Toreplace a number in a single storage register, merely store another number there. To
clear a storage regi lace the number in it with zero. For example, to clear storage

& (B

register Ry, press O G 2.

« To clear all storage registers back to zero at onc time, press 5],
This clears all storage registers, while leaving the automatic memory stack unchanged.

R ber that b of the C Memory of the calculator the primary storage
registers retain their even though the caleulator is turned OFF. When you tumn the
calculator back on again, you can summon and use the contents of the primary storage
registers.

You can also clear storage registers R., th h R.; while leaving the remaining storage
registers and the stack intact by using the O function.

s Press I [ to clear storage registers R, through R.g only.

Storage Register Arithmetic

Arithmetic can be perfocmed upon the contents of storag i R, th h R; and R.y
through R by pressing folloued by the anthmetic function key followcd in tum by the
For

& ¥

Press Result

1 Number in displayed X-register added to contents of storage register
R,, and sum placed into Ry; (ry + x = Ry).

510 IS Number in displayed X-regi b § from ¢ of storage register

Ry, and difference placed into Ry (rp — x — Ry).

88 X3 Number in displayed X-register multiplied by contents of storage register
R, and the product placed into Rug: [(ra)x = Ry

BE4 Contents of storage register R, divided by ber in displayed X-register.
and quotient placed into register R (g + x = Ruy).

When storage register arithmeti fons are performed, the answer is written info the
selected storage register, while the contents of lhc displayed X-register and the rest of the
stack remain unchanged.

64 Sioring and Recalling Numbsers

Here 15 an example of storage register arith

Example: During harvest, farmer Flem Snopes
trucks tomatoes 1o the cannery for three days. On
Monday and Tuesday he hauls loads of 25 tons,
27 tons, 19 tons, and 23 tons, for which the cannery
pays him $55 per ton. On Wednesday the price rises
0 $57.50 per ton, and Snopes ships loads of 26 tons
and 28 tons. If the cannery deducts 2% of the price on
Monday and Tuesday because of blight on the
tomatoes, and 3% of the price on Wednesday, what is
Snopes' total net income?

Method: Keep total amount in a storage register while using the stack to add tonnages and
calculate amounts of loss.

Press Display
25 EhED 25.00
7@ 52.00
19 @233 9400 Total of Monday's and
Tuesday’s tonnage.
55 @ 5170.00 Gross amount for
Monday and Tuesday. _
570 ) 5170.00 Gross placed in 25.88 ENTt
storage register R, 27.868 ¢+
2m: 103.40 Deductions for 15,08 =
Monday and Tuesday. 23.68 ¢
amcls 103.40 Deductions subtracted 55.8¢ X
from total in storage 5705
register Ry, 2.6 %
26 26.00 §T-5
2@ 54.00 Wednesday's tonnage. 26.88 ENT?
57.50 & 3105.00 Gross amount for 28.0¢ +
Wednesday. 57.5¢ X
Bacs 3105.00 Wednesday's gross §T+5
amount added to total .
x : 3.0e =
in storage register R, -5
3@l 93.15 Deduction for 2
Wednesday, o
BRcs 93.15 Wednesday deduction 8078.45 ¥4
subtracted from total
in storage register Ry,
5 8078.45 Snopes” total net
income from his
tomatoes.
8078.45

(You could also work this problem using the stack alone, but doing it as shown here illustrates
how storage register arithmetic can be used 1o maintain and update different running totals.)



Storage Register Overflow

If you attempt 4 storage register arithmetic operation that would cause the magnitude of a
number in any of the storage registers to exceed 9.999999999 10", the operation is not
performed and the calculator display immediately indicates Error. In sddition, if the HP-19C

Print Mode switch san[ll[[more 15 set to NORM or TRACE, the printer will also print
ERROR e

When you then press any key, the error condition is cleared and the last value in the X-register
before the error s again displayed. The storage registers all contain the values they held
before the error-causing operation was attempted.

For example, if you store 7.33 X 10° in register R, and attempt to use storage register
anthmetic to multiply that value by 107, the display will show Error,

Slide the HP-19C Primt Mode switch wan il norm 10 NORM
TRACE

Press Display

7.33 7.33

G 52 7.33 52 7. 33+52 ST0L
{0 ) 7.33 52 1.458 5Tx1
50 L 50 ERROR
[ sro JEII Error

To clear the error and display the contents of the X-register, press any key. The original
contents of storage register R, are still present there.

Press Display

L x] 1.00 50 Contents of X-register, RoL
-l

1 7.33 52 Contents of storage

register R,

Section 5
Function Keys

The HP-19C/HP-29C has dozens of internal functions that allow you to compute answers to
problems quickly and accurately. Each function operates the same way, regardless of whether
you press the function key manually or the function is executed as part of a program.

In this section, each function key is explained as it is used lly, with the Program Mode
switch set to RUN. To save HP-19C printing time and puper, you might wish to learn how to
usc the functions with the Print Mode switch set 1o MAN. Or you might wish 10 s¢¢ every

intermediate and final answer by setting the switch 10 TRACE. Except where indicued, how
ever, all examples in this section are (Hustrated with the Print Mode switch set to NORM,

If you want your displays and printed copy to match the ones shown here, then:
HP-19C:  Set the OFF-PRGM-RUN switch osr Jll{l]7un 1o RUN.
PRGM
Set the Print Mode switch man noAm [0 NORM
e Pk gD

HP-29C:  Set the PRGM-RUN switch prom [JllIH] »un 1o RUN,

Number Alteration Keys

Besides @8, there are three keys provided for altering numbers in the calculator, These keys
are [0, [, and (2], and you will find them most useful when performing operations as
part of a program.

Absolute Value

Some calculations require the absolwe valve, or magnitude, of a number. To obtain the
absolute value of the number in the displayed X-register, press the 11 shift key followed by the
(=3 (absolute value) key. For example, to calculate the absolute value of -3:

Press Display

3 E8 -3.

=T |-l i
[Pax] 3.00

To see the absolute value of +3;

Press Display

s 2.00 | +3] RES
[Prix] 2.00 3,60 wex

Integer Portion of a Number
To extract and display the integer portion of a number, press the ~ prefix key followed by



the [T] (tnteger) key. For example, to display only the integer portion of the number 123.456:

Press Display
123.456 123.456 123.45¢ INT
BnED 123.00 Only the integer 123,66 wxx
portion of the number
remains.
123.00
When 0 [isp d, the fractional portion of the ber is lost. The entire number, of

course, is preserved in the LAST X register.

Fractional Portion of a Number

To extract and display only the fractional portion of a number, press the [ prefix key followed
by the (fraction) key. For example, to see the fractional portion of the 123.456 used
above:

Press Display
N 123.46 Summons the original
number back to the La7x
X-register, FRC
BEE 0.46 Only the fractional 8,46 wsr
portion of the number
is displayed. rounded
here to FIX 2 display.
{rix] 0.48

When E3[Z] is pressed, the integer portion of the number is lost. The entire number, of
course, is preserved in the LAST X register.

Reciprocals

To calculate the reciprocal of a number in the displayed X-register, key in the number, then
press €3 (). For example, to calculate the reciprocal of 25:

Press Display
PLH 7 U] 0.04 25.8¢ 1%
PAX 0.04 8.85 xix

You can also calculate the reciprocal of a value in a previous calculation without reentering
the number.

Example: [n an electrical circuit, four resistors are connected in parallel, Their values are
220 ohms, 560 ohms, 1,2 kilohms, and 5 kilohms. What is the total resistance of the circuit?

|
! 1 LS 1

Ry = ! -
IEER W 1
R, 220 @ S60 | 1200 5000

1 I
o+ —+
R: Ry

=-

Press Display

220 @ 4.55 -03

560 () 1.78 -03

0.01 228.e8 (/4

1200 @B 833 -04 568, 6 :ix

0.01
5@000 aE 200 -04 12es.88 1-%
- +

® 0.01 Sum of reciprocals.

(s {m] 135.79 The reciprocal of the Seee. ¢ 1: bl
sum of the reciprocals R
yields the answer in i
ohms. 135.79 ¥xs

135.79

Square Roots

To calculate the square root of a ber in the displayed X-register. press  [J. For
example, to find the square root of 16:
Press Display
16 O 4.00 16.86 X
G 4.00 4.66 ¥xy
To find the square reot of the result:
Press Display

(] 2,00 X
2.00 2.6 w42
Squaring

To square a number in the displayed X-register, press £2 . For example, to find the square
of 45:

Press Display
45 @ 2025.00 45.6¢ X2
2025.00 2825.88 4%

To find the square of the result;

Press Display 73
al 4100625.00 1100625.08 vas
4100625.00
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Using Pi

The value 7 accurate to 10 places (3.141592654) is provided as a fixed constant in the cal-
;u"lrn_lor. Merely press 3 [5) whenever you need it in a calculation. For ple, to calcul
Press Display

3 pE® 9.42 &8, :‘
e 9.42 am

Example: In the schematic diagram below, X, is 12 kilohms, R is 7 kilohms, E is 120 volts,
and f is 60 hertz. Find the inductance of the coil L in hennes according to the formula:

L= X __ 12000
wf 2X7mX60

Display

12. 03 12.+83 ENTt

12000.00 2,08 =
2B 6000.00 Fi
neEE 1909.86 s
60 3 31.83 Henries. 0.6 =
31.83 3183 ass
Percentages

The key is a two-number function that allows you to compute percentages. To find
the percentage of a number:

. Key in the bas¢ number.

. Press CIED-

. Key in the b P mng p rale.
. Press the [ prefix key.

. Press (3.

L

For example, to calculate a sales tax of 6.5% on a purchase of $1500:

Press Display

1500 1500.00 Base number.

6.5 65 Percent rate. ‘502' g: e
oo 97.50 The answer. 97' 5 %
e 58 avs

6.5% of $1500 is §97.50.

In the above example, when the [J key is pressed, the calculated answer writes over the
percentage rate in the X-register, and the base number is preserved in the Y-register.

When you pressed (0, the stack contents were changed...

... from this ... +«« to this.
T 0.00 T 000

Z 0.00 Z 0.00

Y 1500.00 Y 1500.00
X &5 X 97.50

Since the purchase price s now in the Y-register and the amount of tax 18 in the X-register,
the total amount can be obtained by simply adding:

Press Display
1597.50 Total of price and sales

tax combined. +
 Pax] 1597.50 1597.58 3xsx

Trigonometric Functions

Your calculator provides you with six tng tric fi which op in deci
degrees, radians, or grads. You can conven angles between decimal degrees and degrees
minutes, seconds, and you can add and subtract angles in any of these forms without converting
them,

Trigonometric Modes

For trigonometnic functions, angles can be assumed by the calculator to be in decimal degrees,
radians, or grads. To select decimal degrees mode, press [f (] (degrees) before using a
tniganometric function. To select radians mode, press 1 [ (radians). Grads mode is
selected with ©3 [ (grads).

Note: 380 degrees = 400 grads ~ 2w radians.



Functions
The six tngonometric functions provided by the caleulator are:

0 O (sine)

3 G tare sine)

0 (eosine)

1 £ (are cosine)

1 ) (rangent)

o farc tangent)
Each trig ic function that angles are in decimal degrees, radians, or grads,
depending upon the trigonometric mode selected.

All trigonometric functions are one-number functions, so to use them, you key in the number,
then press the function key(s).

Example 1: Find the cosine of 35°

Press Display
o | T8 | 0.00 Degrees mode selected,

(Display assumes no

resufts remain from

previous examples.) DES
35 35. 35.ee CO§
(1 { =) 0.82 8.82 nt
0.82

Example 2: Find the arc sine in radians of 964,

Press Display
gD 0.82 Selects radians mode.

{Result remains from

previous example. ) RAD
0.964 0.964 8,964 31N
0 &) 1.30 Radians 1.32 v
1.30

Example 3: Find the tangent of 43 66 grads,

Press Display
0 1.30 Selects grads mode.

(Result remuins from

previous example.) GRAD
43.66 43.66 43.¢€ TAN
0 0.82 Grads. B.82 s4s3
0.82

Hours, Minutes, Seconds/Decimal Hours Conversions

Using the HP-19C/HP-29C, you can change time specified in decimal hours to hours, minutes,
seconds format by using the ( ) (hours to hours, minutes, seconds | function; you can also

change from hours, minuses, seconds to decimal hours by using the [T (hours, minutes,
seconds fo howrs) function, When a time is displayed or printed in hours, minuies, seconds
format, the digits specifying hours occur to the left of the decimal point, while the digits
specifying minutes, seconds, and fractions of seconds occur to the right of the decimal point,

_-f- —_
Hours Tenths of a Second
Minutes  Seconds

To convert from decimal hours to hours, minutes, seconds, simply key in the value for
decimal hours and press — [___]. For example, to change 21.57 hours to hours, minutes,
seconds:

Press Display
21.57 21.57 Key in the decimal
umes 21,57 Fiid
4 21.5700 Reset display format, N3
I | 21.3412 This 15 21 hours, 34 21,3412 ¥
minutes, 12 seconds
En 21.3412

Notice that the display is nor sutomatically switched to show you more than the normal two
digits after the decimal point ([T 2), so 10 see the digits for seconds, you had to reset
the display format 10 [ 4,

To convert from howrs, minutes, seconds 10 decimal hours, simply key in the valoe for howrs,
minutes, seconds in that format and press £ (2], For example. (o convert 132 hours, 43
minutes, and 29.33 seconds to its decimal degree equivalent:

Press Display
132,432933 132.432933 This is 132 hours,
43 minutes, 29,33
seconds. 132.432932 M
(v fam} 132.7248 This is 132.7248 132.7242 ¥xs
hours
132.7248

Using the ] and [2) operations, you can also convert angles specified in decimal
degrees to degrees, minutes, seconds, and vice versa. The format for degrees, minites,
seconds is the same us for howrs, minwies, seconds.



Example: Convert 42,57 decimal degrees to degrees, minutes,

Press Display

42.57 42.57 Key in the angle.

B =) 42,3412 This means 42734’
127, (Display
assumes [ 4
notation remains
specified from
previous example.)

42.3412

Example: Convert 38°8°56.7" to its decimal equivalent.

Press Display

38.08567 38.08567 Key in the angle.

v Jar] 38.1491 Answer in decimal
degrees. ([ ] 4
display specified
from previous
example.)

38.1497

nE)2 38.15 Display mode reset,

In the HP-19C/HP-29C, trig ic functions

seconds.

42.5768 +HNS
42,3412 w42

38.88567 M
38,1451 ¥x2
FIK2

angles in decimal degrees, decimal

radians, or decimal grads, so if you want to compute any trigonometric functions of un angle
given indegrees, minutes, and seconds, you must first convert the angle to decimal degrees.

Example: Lovesick sailor Oscar Odysseus dwells
on the island of Tristan da Cunha (37°03'S,
12°18'W), and his sweetheart, Penelope., lives on
the nearest island. Unfortunately for the course of true
love, however, Tristan da Cunha is the most isolated

inhabited spot in the world. If Penelope lives on the
island of St. Helena (15°55'S, 5°43'W), use the
following formula to calculate the greal circle dis-
tance that Odysseus must sail in order to court her.

Distance = cos™" [sin (LAT,} sin (LAT,) + cos (LAT,) cos (LAT)

cos (LNGy — LNG,)| x 60

Where:

LAT, and LNG, = latitude and longitude of the source (Tristan da Cunha).

LAT, and LNG, = lati

and longitude of the d

Solution: Convert all degrees, minutes, seconds entries into decimal degrees as you key them
in. The equation for the great circle distance from Tristan da Cunha to the nearest inhabited

Distance = cos™! [sm(37°03')sin(l5°55'] +c0s(37°03") cos (15°55")
cos (5°43'W — 12°18'W)] x 60

land is:
Press Display
0B 0.00
543 5.43
(o o] 5.72
12.18 12.18
pEe -6.58
(=] 0.99
15.55 15.55
[ § o] 15.92
sro 15,92
=1 0.96
= 0.96
37.03 & 37.05
[s70] 37.05
=) 0.80
0.76
o o060
3 o027
0.17
0.93
21.92
1315.41
1315.41

(Display assumes no
results remain from

previous examples.) g6

5.47 4H

12,16 =+

cas

15.55 M

§T01

cas

A

37.83

8708

Ces

X

RCLB

SIN

RCLI

SiN

+

cos?

68.e¢ X«

Distance in nautical 1315.41 wx#

miles that Odysseus

must sail to visit
Penclope.
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Polar/Rectangular Coordinate Conversions

Two functions, 3 and (7], are provided for polar/ gul tinate conversions. Polar
angle 8 is d in decimal deg dians, or grads, depending upon the trigonometric
mode first selected by 2, D), or E3).

In the HP-19C/HP-29C, polar angle # is represented in the following manner:

To conven from rectangular x, y coordinates to polar r, @ coordinates (magnitude and angle,
respectively):

1. Key in the y-coordinate.

2. Press 10 raise the y-coordinate value to the Y-register of the stack.

3. Key in the x-coordinate.

4. Press 3 B2 (10 polar). Magnitude r then appears in the X-register and angle® is placed
in the Y-register. (To display the value for @, you press E&5.)

The following diagram shows how the stack contents change when you press ().

t
z z
dh angle 0

X< N =
»
£
X< N

76 Function Keys
To convert from polar r, 8, di o gular x, y, di
1. Key in the value for the angle 0,
2, Press 1o raise the value for @ to the Y-register of the stack.
3, Key in the value for magnitude r.
4, Press - [D (torectangular). The dinate then appears in the displayed X-register

and the y-coordinate is placed in the Y-register, (To display the value for the y-
coordinate, you can press E39.)

The following diagram shows how the stack contents change when you press (C].

T t t ¥
z z z z
Y angled ——D—-y-em Y
X gnitude r x-coordinate X

After you press [ or (), you can use the B key to bring the calculated angle @ or the
calculated y-coordinate into the X-register for viewing or further calculation.

Example 1: Convert rectangular cocrdinates (4, 3) to polar form with the angle expressed
in radians.




Press Display
2] 0.00

3 EIED 3.00

4 4.

(o § o) 5.00
e 5.00
) 0.69
B 0.6

Radians mode select-
ed, (Display assumes
no results remain from
previous examples.)
y-coordinate entered
into the Y-register.
x-coordinate keyed
into the X-register.
Magnitude r.

Angle @ in radians.

Alon Ky

RAD
3.88 ENT?
4.86 P
5.68 s
X2y
B.64 ¥y

Example 2: Convent polar coordinates (8, 120 grads) to rectangular coordinates.

Press Display
0= 0.64
120 120,00
8 8.
BB -2.47
27 7.61

Grads mode sefected.
(Note that results can
remain from previous
cxamples.)

Angle 8 entered into
the Y-register,
Magnitude r placed in
displayed X-register,
x-coordinate.
y-coordinate brought
into displayed
X-register for use,

if desired.

SRAD

128.82 ENTt
8.8¢ =R
=t

-~
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Example 3: Engineer Trigo Slothrop has determined that in the RC circuit shown above,
the total impedance is 77.8 ohms and voltage lags current by 36.5°. What are the values of
resistance R and capacitive reactance X, in the circuit?

Method: Draw a vector diagram using total impedance 77.8 ohms for polar magnitude r
and -36.5° for angle 8. When the values are converted to rectangular coordinates, the
x-coordinate value yields resistance R in ohms, and the y-coordinate value yields reactance
X, in chms.
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Solution:
Press Display
7.61 Degrees made select-

0Es ed. (Note that results

can remain from

previous examples.)
36.5 =365 DEG
=000 -36.50 ENTH
77.8 77.8 77.88 4R
BgE 62.54 Resistance R in ohms. X2y
27 ] -46.28 Reactance X, 46.28

ohms, available in dis-
played X-register.

Logarithmic and Exponential Functions

Logarithms

The HP-19C/HP-29C computes both natural and common logarithms as well as their inverse
functions (antilogarithms):

D islog, (natural log). It takes the log of the value in the X-register to base ¢ (2.718...),

PI[E@ is antilog, (natural antilog). It raises € (2.718...) to the power of the value in the
X-register. (To display the value of ¢, press 1 13(Z].)

@ is logy, (common log). Tt computes the log of the value in the X-register to base 10.
£ isantilog, (common antilog). It raises 10 to the power of the value in the X-register.
Example 1: The 1906 San Francisco earthquake, with a magnitude of 8.25 on the Richter

scale, is estimated to be 105 times greater than the Nicaragua quake of 1972. What would be
the magnitude of the latter on the Richter scale? The equation is:

R; = R, — log :: — 825 — (lugils
1

Solution:

Press Display

8.25 B8.25 §.25 ENTt
105 i 2.02 165.e¢ Lo
B3] 6.23 Rating on Richter >

scale, 6.27 %33

6.23

B I

Example 2: Having lost most of his equipment in a
blinding snowstorm, ace explorer Jason Quarmorte is
using an ordinary barometer as an altimeter. After
measuring the sca level pressure (30 inches of mer-
cury) he climbs until the barometer indicates 9.4
inches of mercury. Although the exact relationship of
pressure and altitude is a function of many factors,
Quarmorte knows that an approximation is given by
the formula:

Altitude (feet) = 25,000 fn —0
Pressure
30
=17 A Abrd
25,000 In o3
Where is Jason Quarmorte?
Solution:
Press Display
30 30.00 36.06 ENTT
94 319 9,48 =
‘O 1.16 LK
25000 25000. 25ees.0¢ x
29012.19 Altitude in feet. 29012.18 ¥
29012.19

Quarmorte is probably near the summit of Mount Everest (29,028 feet).

Raising Numbers to Powers

The [ key is used to raise numbers to powers. Using (] permits you to raise a positive
real number to any real power—that is, the power may be positive or negative, and it may
be an integer, a fraction, or a mixed number. [ also permits you to raise any ncgative
real number to the power of any integer (within the calculating range of the calculator, of
course).

For example, to calculate 2% (thatis, 2 X 2 X 2 X 2 X2 X2 X 2 X 2 X 2}

Press Display

2 9 9, 2.88 ENT?
0 512.00 3,80 VX

512.00 512.68 ¥x¢



To calculate 871397

Press Display
8 8.00
1.2567 EIB -1.2567
[ 4] D 0.07
0.07

To calculate (-2.5)*

Press Display
2.5 -2.5
ENTER + -2.50
s ~97.66
PR -97.66

8.86 ENTt
-1.2567 ¥*
8.67 #x3

-2.56 ENTt
5.88 y*
-97.66 #x¢

In conjunction with (i, 7 provides a simple way to extract roots, For example, find the

cube root of §. (This is equivalent 0 5'7)

Press Display

5 5.00

Ig@ 0.33 Reciprocal of 3.
1 ) 1.71 Cube root of §.
PAX 1.71

Example: In a rather overop ic effort to break
the speed of sound, highflying pilot Tke Daedalus
cranks open the throttle on his surplus Hawker
Siddeley Harrier aircraft. From his instruments he
reads a pressure altitude (PALT) of 25,500 feet with
acalibrated airspeed (CAS) of 350 knots. What is the
flight mach number

M = Speed of aircraft

speed of sound

if the following formula is applicable?

5.66 ENT?
3.8 i/X

Yl
1.71 wxs

P21 Ao )

Method: The most efficient place to begin work on this problem is at the innermost sel of

2
brackets. So begin by solving for the quantity [ 625;05 ] and proceed outward from these.
Press Display
350 350.00
661.5 & 0.53 356. ¢ ENTf
(o {63} 0.28 Square of bracketed 661.58 =
quantity, X2
2813 1.06 g.2¢ «x
isnOg1 38 o2 Contents of left-hand 1.88 4
set of brackets are in 56 v
the stack, 1.88 -
1 1.00 1,88 ENTt
6.875 [ 6.875 00 6.875-86 ERNT?
6 6.88 08 25586.880 %
25500 (3B 0.82 Contents of right-hand =
set of brackets are in
the stack.
5.2656 @8 ~5.2656 -5.2656 Y
0 276 X
13 1.58 1.6 +
286 (D 1.14 8.286 I~
18 0.14 l.ee -
s@E0 0O 0.84 Mach number of S.e6 x
Daedalus’ Harrier. 't
[ s x ] 0.84 B.84 v

In working through complex equations like the one containing six levels of parentheses above,
you really appreciate the value of the Hewlett-Packard logic system. Because you calculate
one step at a time, you don't get *'lost™ within the problem. You sce every intermediate
result, and you emerge from the caleulation confident of your final answer,

Statistical Functions

Accumulations

Pressing the B3 key automatically gives you several different sums and products of the values
in lhe X and Y-registers at once, In ordcr 10 make these values accessible for sophisticated

bl they are ically placed by the calculator mto storage registers
Reo Ihrough Res. The only time that information is awtomatically accumudated in the storage
registers is when the @3 (or (T]) key is used. Before you begin any caleulations using the (53
key, you should first clear the storage registers used in accumulations by pressing




When you key a number into the display and press the @3 key. each of the following
operations is performed:
1. The number that you keyed into the X-register is added 1o the contents of storage
register R.,. (2x = R.))
2, The square of the number that you keyed into the X-register is added to the contents of
storage register Ry, (2x* = R.s)
3, The number in the Y-register of the stack is added to the contents of storage register
Ra. (Zy = Riy)
4. The square of the number in the Y-register of the stack 15 added to the contents
of storage register R.y (Xy* — R.q)
5. The number that you keyed into the X-register is multiplied by the contents of the
Y-register, and the product added to ge register Ruy. (Exy — R.s)

6. The number 1 is added to siorage register R.q, and the total number in R., then writes
over the number in the displayed X-register of the stack. The stack does not lift,

n/“‘k-n
\X

The number that you keyed into the X-register is preserved in the () register, while the
number in the stack Y-register remains in the Y-register,

Thus, when you press 8§, the stack and storage register ¢ are changed.
«..from this... +..to this.

T 1t | Ra T 1t n R

] e N e (9 : SR,

M R. o 5S¢ R,
A., Ty R,
Ay 5}" R.,

I I R, 2 I 2xy R

LAST X LAST X

Before you begin accumulating results in primary storage registers R., through R.; using the
@ key, you should first ensure that the contents of these registers have been cleared to
zero by pressing .

Note: Unlike storage register arithmetic, the @ function allows overllows (i.e.,
numbers whose magnitudes are greater than 9.999999999 x 10%) in storage
register R., through R.. without registering Error in the display (or on the HP.18C
printed copy),

To use only the £x and Xy that you have accumualted in the storage registers, you can press
=8 followed by @3 - This brings Xx into the displayed X-register and Xy into the Y-register,
overwriting the contents of those two stack registers. The stack does not litt., (This feature is
particularly useful when performing vector arithmetic, like that illustrated on pages 90-91.)

To use any of the summations individually at any time, you can recall the contents of the
desired storage register into the displayed X-register by pressing EE§ (%) followed by the
number key of the storage register address. After you have pressed B, recalling storage
register contents or keying in another number wntes over the number of entries () that is
displayed. The stack does not lift.

Example: Find 2x, Zx%, Sy, Zy?, and Zxy for the paired values of x and y listed below,

Press Display

L1 D oo0 Ensures that storage
registers R., through
R.; are cleared to
zero initially. Display
assumes no results
remain from previous

example,
7.00
1.00 First 'pair_is accumu- cL
et B =1 7.88 ENTY
st = 5.60 I+
2.00 Second pair 15 5.88 ENTt
accumulated; n = 2. .66 I+
izt . 9.88 ENTt
3.0 Third pair is 8.86 I+
accumulated; n = 3. Rl
16.00 Sum of x values from RC.2
register R.,. RC-J
$8.00 Sum of squares of x R,."
\l;znlues from register RE. 5
. -
| e JIEE 21.00 Sum of y values from RC.8

register R.s.

Sum of squares of y
values from register
R.,

Sum of products of x
and y values from
register R.g.

Number of entries

(n = 3) from register
R.s

[ jOES 155.00

[acL IO 122.00

o 3.00



Printing Accumulations (HP-19C) Sun  Mon Tues Wed Thurs Fri  Sat
You can see all of the values accumulated by the B key at any time. Simply press EE, High [} 1" 14 12 5 -2 -9
and the printer will print out the contents of the storage registers used for summations Low —22 —17 -15 -9 —24 -29 _35

along with a description for each summuation,
For example, to list all of the sccumulations that are now in the storage registers from the
previous example:

Press Display PRTI o oo0 Accumulation
registers cleared.
3.6 N (Display assumes no
16.88 =% results remain from
BET 3.00 5 ; previous calculations. )
98.00 Ike .
21.88 IV 6 22 oLx
155.88 Ive [chslse ] 1.00 Ntiprcr of ldal:c pairs 6.08 ENT?
(n) is now . -22.68 I+
o 1 1 11.88 EATH
Mean Eam 2.00 Number of’dala pairs -17.886 I+
The (7] (mean) key is the key you use to calculate the mean (arithmetic average) of x and y " 4 (n).ia npw:2. 14.88 ENTT
accumulated in registers R., and R.y, respectively. Uzl 1 -15.86 I+
crs Rt 3.00 12,82 EATt
When you press 10 [: — -5.66 I+
1. The mean (X} of x is calculated using the data accumulated in register R., (Xx) and R., (n) 4.00 5.88 ENTH
according to the formula: -24.6¢ I+
5 [ 5.00 -2.82 ENT?
=t Yy (mhais, R - ?) 2 €D -2.00 -29.66 I+
n < Ry 20 @B = 6.00 -2,88 ENTt
The resultant value for X is seen in the displayed X-register. 9 @3 ~9.00 -35.60 =t
) ) 35 /| 7.00 Number of data pairs X
2. The mean (§) of y is calculated using the data accumulated in register Ry (Xy) and (n) is now 7. -21.57 wx8
register R., (n) according to the formula: O ~21.57 Average low qEY
X temperature 5.29 sy
! is, R -21.57
-— That is, - '
Tt iz,y‘ ( R.y ) & 5.29 Average high
A i available | 3 ; temperature.
The resultant value for ¥ is available in the Y-register of the stack. Sin

The easiest way 0 accumulate the required data in the applicable registers is through the use
of the @) key us described above,

Example: Below is a chart of daily high and low

: e 0 = The illustration below represent what happens in the stack when you press © [, Press [
temperatures for 4 winter week in Fairbanks, Alaska. = |80 and the contents of the stack registers are changed. ..
What are the average high and low temperatures for =
the week selected? =
= L
g ; «..from this... ...tothis,
nf= T t —7T
=l Z g —2 2
o= Y y s lost Y ¥
o X x X ¥

]




Standard Deviation
The (O] (standard deviation) key is the key you use to calculate the sample standard deviation
(a measure of dispersion around the mean) of data acc lated in pe regi Ruy
through R.;.
When you press 0 [
1. Sample x standard deviation (s,) is caiculated using the data accumulated in storage
register R (£x%), R.; (£x). and R., (1) according to the formula:

The resultant value for standard deviation of x (s,) is seen in the displuyed X-register.

2. Sample y standard deviation (s,) is calculated using the data accumulated in storage
registers R.y (2y%), Rug (2y). and R, () according 1o the formula:

5, =

The | value for standard deviation of y (s,) is available in the Y-register of
the stack.

Thus, with data accumulated in registers R., through R.;, when you press ' [, the contents
of the stack registers are changed..,

o from this ... « to this.
Yt Tt
Z z Z z
Y y Y 5
X x X =

L]
\:AST X
x

To use the value for standard deviation of v (s,) simply use the BB key to bring that value
into the displayed X-register of the stack.

Example: In a recent survey to determine the age
und net worth (in millions of dollars) of six of the
50 wealthiest persons in the United States, the
following data were obtained (sampled). Caleulate
the average age and net worth of the sample, and
calculiite the standard deviations for these two sets
of data.

~ Age | 62 58 62 | 73 84 68
NetWorth | 1200 1500 1450 | 1950 1000 1750

Press Display
(1] R @ o0 Clears storage

registers used for

(Display assumes no

results remain from

previous examples. )
62 62.00 oLl
1200 23 1.00 Number of data pairs 62.88 ENTY

(n).is: 1. 1280.06 S+
58 58.00 58.82 ENT?
1500 @2 2.00 158860 I+
62 62.00 62.80 ENT?
1450 @23 3.00 1458.80 I+
73 73.00 73.80 ENTS
1950 £ 4.00 1958.88 I+
84 84.00 84.82 ENT?
1000 B3 5,00 16ee.66 I+
68 68.00 68.88 ENT?
1750 3 6.00 Number of data pairs 1758.88 I+

(n) is 6. 7
0oE 1475.00 Average value of net X2y

worth. s
[ x2)] 67.83 Average age of the X2y

sample,
0oE 347.49 Standard deviation

(s,) of net worth of

sample,
{ x:] 9.52 Standard deviation

(s,) of age of sample.

If the six persons used in the sample were actually the six wealthiest persons, the data
would have to be considered as a population rather than as a sample. The relationship
between sample standard deviation (s) and the population standard deviation () is illustrated

by the following equation.
n
a o=y
V n

Since # is automatically accumulated i register R.; when data is accumulated, it s a
simple matter to convert the sample standard deviations that have already been calculated 10
population standard deviations.
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If the accumulations are still intact from the previous ple in registers R., through R.s,
you can calculate the populati fard deviations this way:

Press Display

BE 347,49 Calculate s, and s,.

[ac. jOR] 6.00 Recall n, 8

18 5.00 Calculate n — 1. RC.B

- oE o83 Divide n — 1 by n. 1.6 -

BEEOE 317.21 Populution standard RC.8
deviation o, B

[Prx] 3iz.21 VX

9,52 Brings s, to the X
X-register. 317.21 s

DC 0.91 Recall conversion b~
factor. LSTR

@ 8.69 Population standard %
deviation @, . a

e 8.65 sx2

Deleting and Correcting Data

If you key in an incorrect value and have not pressed @3 . press B3 and key in the correct
value.

Ifone of the values is changed, or if you discover that one of the values is in error after you have
pressed the ) key, you can correct the summations by using the [T] (summation minus)
key as follows:

1. Key i the incorrect data pair into the X- and Y-registers. (You can use () 1o
return a single incorrect data value to the displayed X-register.)

2, Press W [ 10 delete the incorrect data.

3. Key in the correct values for x and v, (If one value of an x, y data pair is incorrect,
both vilues must be deleted and reentered.)

4, Press 3.

The correet values for mean and standard deviation are now obtainable by pressing £ [7] and

unE

F_or example, suppose the 58.year old member of the sample as given above were 10 lose
l_ns position as one of the wealthiest persons because of  senes of ill-advised investments
In cocoa futures. To account for the change in data if he were replaced in the sample by

o0

a 21-year old rock musician who is worth 1300 million dollars:

Press Display
58 58.00
1500 1500. Data 1o be replaced
T
Jm] 5.00 Number of entries (n) 5.0 ZAT!
i now five. 1568.0¢ I-
21 21.00 21,88 ERTt
1300 1300, 1366.8¢. 3%
[2+] 6.00 Number of entries (n)
is now six again.
The new data has been calculated into cach of the p in the storage reg|
To see the new mean und standard deviation;
Press Display
O 1441.67 The new average
{mean) worth.
= 61.67 The new average <
2 X
{mean) age available gy
in X-register for use. ;
O 354.14 The new standard ':‘Y
deviation for worth, =
21.55 The new standard
deviation for age
available in X-register
for use.
Vector Arithmetic

You can use your HP-19C/HP-29C 10 add or subtract vectors by combining the polar/
rectangular conversion functions (the [J and [CJ keys) with the summation functions (the

B and (] keys).

Example: Grizzled bush pilot Apeneck Sweeney’s converted Swordfish aircraft has a true
air speed of 150 knots and an estimated heading of 45°. The Swordfish is also being buffeted
by u headwind of 40 knots from a bearing of 25°. What is the actual ground speed ind course
of the Swordfish?

Method: The course and ground speed are equal to the difference of the vectors. (North
becomes the x-coordinate so that the problem corresponds with navigational convention, )



L s |
45 EHED

150
BE

| ]

~—— 40 Knols

Display

0.00

150.
106.07

1.00

36.25

0.00

Clears summation

registers R., through

R.s. (Display assumes

no results remain from

previous examples.)

Sets degrees mode.

@ for 1* vector is

entered to Y-register.

r for It vector is keyed

in.

Converted to rectan-

gular coordinates.

1# vector coordinates

accumulated in stor-

age registers R.; and

-

8 for 2° vector

is entered 10

Y-register.

r for 2™ vector

is keyed in.

2 vector is con-

verted o rectangular
ates.

2% yector rectangular

coordinates subtracted

from those of 1*

vector.

Funcllon Keys

oLl

DEE

45.66 ENTt
156.86 R
I+

25.88 ENTt
48.88 R
5-

"N

92/83 Function Keys

=] 69.81
(o ]c5] 113.24
B 113.24
7] 51,94
51.94

Recalls both R., and
R.g.

Actual ground speed in
knots of the Swordfish,

Course in degrees of
the Swordfish.

RCI+

4P

113.24 *ns
X2y

51.%4



PART TWO
Programming the HP-19C/HP-29C

Section 6

If you read Meet the HP-19C and HP-29C (pages 13-17), you have already seen that by using
the programming capability of your calculator, you can increase the flexibility of the calculator
a hundredfold or more, and you save hours of time in long putation. The Conty
Memory permits you to key in programs and save them permanently, even though the HP-19C/
HP-29C is tumed OFF.

With your HP-19C/HP-29C Scientific Calculator, Hewlett-Packard has provided you with the
HP-19CHP-29C Applicarions Book, « ining dozens of prog You can begin using the
programming power of the calculator immediately by keying any of these programs into your
HP-19C/HP-29C and then running it as often as you like,

However, in order to get the most from your calculator, you'll want to learn to program
yourself, to solve your own problems. This part of the HP-19C/HP-29C Owner’s Handbook

and Progr ing Guide teaches you step by step to create simple programs that will solve
complex probk then introd you to the many editing features of the calculator, and
finally gives you a glimpse of just how sophisticated your pr ing can b

Pr ing your calculator is an ion of its use as & [ probl Iving machine,

S0 i;you haven’t read Part One, Using Your HP-19C/HP-29C Calc;Ialm. you should go back
and do so before you begin programming.

After most of the explanations and examples in this part, you will find problems to work using
your HP-19C/HP-29C. These problems are not essential 1o your basic understanding of the
caleulator, and they can be skipped if you like. But we urge that you work them. They nre rarely
difficult, and they have been designed to increase your proficiency, both in the actual use of the
features on your calculator and in creating programs to solve your own problems. If you have
trouble with one of the problems, go back and review the explanations in the text, then tackle 1t
again.

So that you can apply your own creative flair 1o the problems, no solutions are given for them,
In programming, any solution that gives the correct outputs is the right one—there is no one
correct program for any problem. In fact, when you have finished working through this part,
and learned all the capabilities of the calculator, you may be able to create programs that will
solve many of the problems faster, or in fewer steps, than we have shown in our illustrations.

Now let’s start programming!

Set the HP-19C Print Made Switch “NIZHNO™ , \j AN 5o you can concentrate on
;\l‘\\grimwllng

What is a Program?

A program is nothing more than a series of calculator keystrokes that you would press to
solve a problem manually. The calculutor remembers these keystrokes when you key them in,
then exccutes them in order whenever you wish,

94



Looking at Program Memory

1f you worked through Meet the HP-19C and HP-29C (pages 13-17), you learned how to write,
toad and run a simple program to solve for the area of a sphere. If you haven't disturbed
program memory, this program is stll in program memory (maintained by Continuous
Memory). However, if you have cleared or changed the ¢ of program memory, retum
now to page 15 and reenter the program so that you can analyze it further.

As you may ber from this prog @ prog is nothing more than a series of key-
strokes you would press to solve a problem manually. These keystrokes are stored in a part
of the calcul known as prog memory. When you set the calculator to PRGM mode,

you can examine the contents of program memory, one step at a time.

ﬁ ~——— Top-of-Memory Marker
01
02
03

Program Memory _—
.\_,_/
96
97
98

First set the calculator to PRGM mode. Then press &8 ] 00 (go 1o step number 00) to
return the caleulator to the beginning of program memory. The number that you see on the
left side of the display indicates the step number of program memory to which the calculator
is set. You should be set at step 00, indicated by a display of 00. Now we'll use the
(single-step) key to examine the next step of program memory. BB lets you step through
program memeory, one step at a time,

Press HP-19C Display HP-29C Display
557 01 25 14 00 01 15 13 00

The calculator is now set to step 01 of program memory, as indicated by the number 01 that
you see on the left side of the display. The other numbers in the display are two-digit keycodes
for the keystrokes that have been loaded into that step of program memory (more about
keycodes later).

Eich step of program memory can *‘remember” a single operation, whether that operation
consists of one, two, three, or four keystrokes. Thus, one step of program memory might
contain a single-keystroke operation like m while another step of program mcmonr could
contain a two-keystroke operation, like B 6. Step 01 of program memory ly

#n operation that requires three keystrokes, [0,

96 Simple Programrming

Program Memory

In the HP-19C/HP-29C, keystrokes that make up programs are loaded and stored in a portion of
the calculator called program memory. Program memory consists of 98 steps and is separate
from the stack and storage registers.

When you loaded the program to calculate the area of a sphere into your calculator, the
function keys you pressed were *‘remembered’’ in program memory after the (70 program
marker, so the contents of program memory now look like this:

00 Iq——. Top-of-memory marker
o @Eo
02 @D
e | @ oE
04 a
05 B
06
o7
08
93 steps remaining. 09
o
A,

Since you used five steps of program memory for the program with the 0 label, there are still
93 unused steps of program memory for other programs. You can allocate the 93 remaining
steps of program memory any way you choose. For example, you could have a 5-step
program labeled by 0, a S3-step program labeled 9, and a S-step program in each of the
cight remaining labels 1, 2, 3, 4, 5, 6, 7, and 8. Or you could have fewer progmms utilizing
only a portion of memory. Or you could use all 98 steps of program memory for one program
if you wished. Each label can even be used more than once!

Keycodes

You can tell from the display what keystrokes are loaded into each step of a program by
means of the keycodes for those keys. Let's look at some keycodes now.

. First press @8 (500 to ensure that the caleulator is set to the top of program memory
2. HP-19C: Slide the OFF-PRGM-RUN switch orr [[[Illr to PRGM.
PRGM

HP-29C: Shde the PRGM-RUN switch prcm [Tl aun to PRGM.



3. Now press the (single-step) key. This moves the calculator down one step of
program memory, and your display should look like the one below, The step number is
on the left, and the keycode is on the night of the display

HP-19C Display HP-29C Display

- X T - % 1

Step Step
Number Keycodes Number Keycodes

Each key on the calculator has a keycode. For cach keycode, the first digit denotes the row of
the key on the keybourd and the second digit identifies the number of the key in that row,
Always count from the top down, and from left to right, Each key, no matter how large,
wounts as one,

HP-19C Display

!

HP-29C Display

g
I J] 1 ROW

5 Key

Now use the key again to examine the keycode in the next step of the program;

Press HP-19C Display HP-29C Display
02 2553 02 15 63

For convenience, digit keys are identified by two digit keycodes of (00 through 09, except
when prefixed by 00 or [3. When prefixed by or EJ the digit keys are identified by the
row-column keycode. Since the 7 key is preceded by the EJ key, the complete operation
contained in step 02 is £ (3

Using this handy matrix system, you can easily identify any key by its keycode. Each step
of program memory can contain either a single digit or a complete operation, no matter
how many keystrokes the operation requires.

Problems

1. What would be the keycodes for the following operations:
12

2. What operations are identified by the following keycodes:
HP-19C: 16 64, 11, 45 01, 45 41 01.
HP-29C: 14 74, 21, 23 01, 23 51 01.

3. How many steps of program memory would be required to load the following sections
of programs?
a 2 rv;m i®
b. 10 G 6 EEY 6 B
¢, 100 250 @@ X222 (OO®

4. What keystroke(s) would you load into a program to perform anx exchange y? (That is,
to exchange the contents of the X-register with those of the Y-register.)

Clearing a Program

The Continuous Memory of your calculator preserves any programs loaded into program
memory even though the calculator is tumed OFF,

To clear the complete program memory, all 98 steps, press [ while in PRGM

mede. The calculator is automatically set to step 00,

To clear a selected program from the calculator:
1. HP-19C: Set the OFF-PRGM-RUN switch °".,,g.%!“"‘ to PRGM

HP-29C: Set the PRGM-RUN switch prcm [Tl "un to PRGM.,
2. Locate the program you wish to clear by pressing and the label number

3. Using the key, step through the program until you come to the last step of the
program. If you count the number of steps in the program, deletion may be easier
(Refer to Program Editing, page 112, for more information).

4. Press [0 [20) for each step you wish to delete. If you counted the number of steps in
the program, you can do that number of deletions. Be careful not to delete beyond the
beginning of your program; watch for the label keycode. As you delete each step the
program memory automatically moves all subsequent steps up one step and displays the
previous step. (Refer to Program Editing, page 112, for more information.)

All steps of program memory formerly used by the cleared program are again available for
storing program instructions for any program

If power has been interrupted to the caleulator (that is, battery failure) all instructions in
program mermory are lost and the calculator resets to step D0,
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Creating a Program

In Meet the HP-19C and HP-29C, at the beginning of this handbook, you d, loaded, and
ran a program that solved for the surface area of a sphere, given the diameter of that sphere.
Now let's create, load, and run another program to show you how to use some of the other
features of the calculator.

If you wanted to use the HP-19C/HP-29C to manually calculate the area of a circle using the
formula A = 7 1%, you could first key in the radius r, then square it by pressing 13 (2. Next
you would summon the quantity pi into the display by pressing {1 @. Finally you would
multiply the squared radius and the quantity pi together by pressing [X].

Remember that a program to solve & problem is nothing more than the keystrokes you would
press (0 solve the problem manually. Thus, in order to create a program that will solve for
the area of any circle, you use the same Keys you pressed (o solve the problem manually.

The keys that you used to solve for the area of a circle according to the formula A =7 r* are:

(o &5
am
3]

You will load these keystrokes into program memory. In addition, your program will contain
two other operations, n and (7).

The Beginning of a Program

To define the beginning of & program, you should use a £} (label) instruction followed
by one of the prog: kers O through 9. The use of labels permits you to have several

different programs or parts of programs loaded into the calculator at any time and to run them
in any order you choose,

Ending a Program
To define the end of a program, you should use a £3 2] (retwrn) instruction. When the

lculator is g a program and a3 i ion in program memory, it
stops (unless d as part of 4 subrouti more ahout subroutines later). For example, if
the calculator were ¢ ing a program that had begun with [[2J | , when it encountered

a , it would stop. Another instruction that will cause a running program fo stop is :
When & running program executes a [&75) instruction in program memary, it stops just as it
does whenite (3 . Good prog ing practice, however, dictates that you normally
use EJED rather than to define the end of your program.

The Complete Program
The complete program to solve for the arca of any circle given its radius is now:

L Jam | Assigns name to and defines beginning of program,

0 ] Squares the radivs.
a Summons pi into the display.
E3] Multiplies 72 by 7 and displays the answer,

9] Defines the end of and stops the program.
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Loading a Program

When the calculator is set to PRGM, the functions and operations that are normally executed
when you press the keys are not executed. Instead, they are stored in program memory for
later execution. All but seven operations on the keyboard can be loaded into program memory
for later execunion, The seven operations that cannot be loaded in as part of a program are:

0, @ EE=2 (HP-19C),
[aro JOETR

= &R 0=, BE,

All other functions are loaded into the calculator as program instructions to be executed later

To load a complete program into the calculator:
1. HP-19C: Slide the OFF-PRGM-RUN switch W%M to PRGM.
HP-20C: Slide the PRGM-RUN switch prow [TTJill run 10 PRGM.
2. Press (] to clear program memory of any previous programs and o

reset the caleulator to the top of program memory.

You can tell that the calculator is at the top of program memory because the digits 00 appear
at the left of the display, The digits appearing at the left of the display when the calculator
is in PRGM mode indicate the program memory step number being shown at any time,

The keys that you must press to key in a program for the area of a circle are:

[y jem]
(o Jru]
oa
)

o ] o)

Press the first key, £, of the program.

Press HP-19C HP-29C
(U] 00 00

You can see that the display of program memory has not changed. Now press the second and
third keys of the program,

Press HP-19C HP-29C
[ 00 00
1 01 25 14 01 01 15 1301

When the step number (01) of program memory appears on the left of the display, it indicates
that a complete operation has been loaded into that step, Nothing is loaded into program
memory until a complete operation (whether 1, 2, 3, or 4 keystrokes) has been specified.

Now load the remainder of the program by pressing the keys. Observe the program memory
step numbers and keycodes.



Press HP-19C HP-29C
aE= 02 2553 02 1563
0 03 2563 03 1573
® 04 51 04 61
oE 05 2513 05 1512

The program for solving the area of a circle 15 now loaded into program memory. Notice
that nothing could be loaded into the top-of-memory marker, step 00.

Running a Program

To run a program you have only to set the calculator to RUN mode. Then key in any needed
data, and press and the number key (0 through Y) that labels your program,

Forexample, to use the program now in the calculator w solve for circles with radii of 3 inches,
6 meters, and 9 miles:

First, set the calculator to RUN.

Press Display

363 28.27 Square inches.
6 @) 113.10 Square meters.
9 @E3 ) 254.47 Square miles.
Now let's see how the calculator d this prog

Searching for a Label

When you switched to RUN mode in the previous example, the calculator was set at step 05,
the last step you had filled with an instruction when you were loading the program. When
you pressed [ 1, lhe caleulator began searching sequentially downward through

gram memory, beginning with the current step, for a £ [] 1 instruction. When the
calculalor searches, it does not execute instructions.

Each of the memory label markers (0 through 9) can be used as many times as you wish, In
fact, you can label each of scveral programs and subroutines with the same number.

In executing the program you recorded, the calculator reached the lnst step of program
memory, step 98, without encountering a [ (T 1 instruction. It then passed step 00 again
and continued searching sequentially, Only when the calcutator found a £ [0 1 instruction
in step 01 did it begin execuling instructions. If the label is not found. the calculator will
execute no instruction, Error will be displayed and program memory will be set back to the
step at which the search began. Pressing E¥3 or any key clears the ervor.
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For example: Ensure that the calculator is in RUN mode and key in the following:

Press Display
&3 5 Error
No B[] 5 ion exists in program memory. Now press E¥3 or any key to clear

the error from the display, or you can set the calculator to PRGM mode. The calculator is set
to the step at which the scarch began.

Executing Instructions
When the calculntnr found the [¥ (20 1 instruction |n step DI, it ceased searching and
began i ions. The 1 ions in exactly the order you

keyed them in, performmg the 1 3 operation in step 02 first, then 3 (2] as in step 03,
etc., until it executes a £J0) instruction or a [RS) (runistop) instruction. Since a
L[] instruction is executed in step 05, the calculator stops there and displays the con-
tents of the X-register. (To see the next step number of program memory after the one at
which the calculator has stopped, you can briefly switch to PRGM mode.)

If you key in a new value for the radius of a nn:lc in RUN mode and press @& 1, the

peats this dure. It h iy downward ,,‘,, gram memory
until it encounters a EIE 1 instruction, then quentially the i ions con-
tained in the next steps of program memory until it executes a [ ora instruction.

You can see that it is possible to have many different programs or parts of & program loaded
in the calculator at any time. You can run any one of these programs hy pressing [0
followed by the ber key (1 through 9) that cor ds with its label,

L

It 15 also possible to have several different programs or routines defined by the same label.
For example, suppose you had three programs that were defined by 3 [0 1 as illustrated on
page 103,

1ot e thranah

In this example when you press @5 1, the searches sequentially
memory from wherever it was located until it encounteres the first £ [ | mslmcnon Thc

calculator then 1 ions until it ¢ a DI or a (RE] instruction and
stops.
If you had then pressed @ 1 rather than @3 1, the calculator would hi

sequentially from the I3[0 or (/) through program memory until it encountered the
second £3 ] 1, whereupon it would stop. Note that when you search for a label manually
from the keyboard using @, the calculator will begin execution after it locates the
label. But if you search for a label manually from the keyboard using G, the calculator
will find the label and wait for you 10 press 10 begin ion. Refer to Subrouti
(page 146) for more information about B8 and !

When you press [®75) , the caleul all sub 1 ions until it e
a £1[) or a [@7) and stops. When you press &5 agam the calculator searches down-
ward to the third £ [ 1 instruction and begins execution there.
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Press @@ 1~ s [

Y o= < — Wait for

—— (®5) then
Stop l exgcule.
Press D1 7 0E3
Searching | ——— |
' 4] (1]
Execuling
Stop o
Labels and Step 00
The labels (D through 9) in your progi act as add they tell the caleulator where 10

begin or resume execution. When a label is encountered as part of a program, execution
merely “*falls through'" the label and continues onward. For example, in the program segment
shown below, if you press @& 0, exccution would begin at £3[5] 0 and continue

d d through program memory, on through the £3 [Z53 instruction, and continue until
the 3 was d and ion was stopped
When you press @3B 0 ...
oo .. execulion begins here.
No £ [0 here..,
mE 3 50 execution falls through

the [3(C5) 3 instruction...

aGEm ' ...and continues to the R

Execution falls through step 00, too. You can load instructions into steps 01 through 98 of
Pprogram memory, but you cannot load an instruction into step 00. In fact, step 00 merely acty
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s i kind of label in program memory, a beginning point for the loading of a program, When
step 00 is fbya i continues without & halt from step 98

to step 01, just as if step 00 wexevv;o( there.

Flowcharts

At this point, we digress for a from our di of the calculator itself to familiarize
ourselves with a fund: | and ly useful tool in programming—the flowchar.
A flowchart is an oweline of the way i program solves a problem. With 98 possible i ions,
it is quite easy to get “lost™ while ing a long prog: pecially if you try to simply

load the complete program from beginning to end with no breaks. A flowchar is a shorthand
that can help you design your program by breaking it down into smaller groups of instructions.
Tt is also very uscful as documentation—a road map that summarizes the operation of a
program.

A flowchart can be as simple or as detailed as you like. Here is a flowchart that shows the
operations you executed to calculate the area of a circle according to the formula 4 = 7,
Compare the flowchart to the actual i ions for the progs

Koy
in radius,

Sant

Square radius.
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You can see the similaritics. At times, a flowchart may duplicate the sct of instructions
exactly, as shown above. At other times. it may be more useful to have an entire group of
instructions represented by u single block in the flowchart, For example, here is another flow-
chart for the program to calculate the area of a circle:

Here an entire group of instructions was replaced by one block in the flowchart. This is a
common practice, and one that makes 4 Mlowchart extremely useful in visualizing 4 complete
Program.

You can see how a flowchart is drawn linearly. from the top of the page to the bottom. This
represents the general flow of the program, from beginning fo end. Although flowcharting
symbols sometimes vary, throughout this handbook we have held to the convention of circles
for the beginning and end of a program or routine, and rectangles to represent groups of
functions that take an input, process it, and yield a single output. We have used a diamond
fo represent & decision, where a single input can yield either of two outputs.
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For example, if you had two numbers and wished to write a program that would display only
the larger, you might design your program by first drawing a flowchant that looked like this;

After drawing the flowchart, you would go back and substitute groups of instructions for cach
element of the flowchart, When the program was loaded into the calculator and run, if #2
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was larger than #1, the answer to the question **Is #2 larger than #1?"* would be YES,
and the program would take the left-hand path, display #2, and stop. If the answer to the
question was NO, the program would execute the right-hand path, and #1 would be displayed.
(You will see later the many decision-making instructions available on your calculator.)

As you work through this handbook, you will b more familiar with flowchans, Use
the flowcharts that illustrate the examples and problems to help you understand the many
features of the calculator, and draw your own flowcharts to help you create, edit, eliminate
errors in, and document your programs,

Problems

1. You have seen how to write, load, and run a program to calculate the area of a circle
from its radius. Now write and load a program that will calculate the radius r of a
circle given its arca 4 using the l'ormula r = VAlw. Be sure to set the calculator to
PRGM mode and press | (] fiest to clear program memory unless you
wish 1o save the program dmady in program memory. Define the program with
1) 2 and EI[T). After you have loaded the program, run it to calculate the
radii of circles with areas of 28.27 square inches, 113,10 square meters, and 254.47
square miles, (If you wish, on the HP-19C, include GEE instructions to print the
answer. )

(Answers: 3.00 inches, 6.00 meters, 9.00 miles.)

2. Wnite and load a program that will P in Celsius degrees to Fahrenhest,
according to the formula F = (1.8 x C) + 32. Define the program with £3 (20 3 and
£33 and run it to convert Celsius temperatures of ~40°, 0°, and +72°.

(Answers: ~40.00 °F, 32.00 °F, 161.60 °F.)
301 diately nﬂcr 1 the in problem 2, create a program that will convert

d heit back to Celsius according to the formula C =
(F 32)5/9 deﬁmng it using EIED 4 and EI(3, and load it into program memory
diately after the program you loaded in problem 2. Run this new program to con-

vert the temperatures in °F you obtained back to °C.

If you wrote and loaded the programs as called for in problems 2 and 3, you should
now be able to convert any temperature in Celsius to Fahrenheit by pressing EE03,
and any temperature in Fahrenheit to Celsius by pressing @ 4. You can see how
you can have many different programs loaded into the calculator and select any one of
them for running at any time.

The Printer and the Program (HP-19C)

All print functions on the HP-19C (except [ 1) can be recorded as instructions in program
memory and later executed as pant of a program. In addition, you can use the three modes
of the HP-19C printer to aid you in programming.

Printer Operation during a Running Program

Like the other keys on your HP-19C, the printer operates in the same nutural, normul manner
during u running program s it does when you are using the calculaior manually. In addition, if
you have the Print Mode switch set to TRACE during a running program, the prnter will
print & mnemonic symbol for each vperation as well as printing intermediate and final results
calculated during the program.
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In most cases, you will probably want the HP-19C to run a program as quickly as possible, and

you will not want the running program 1o have 1o *'slow down'" 1o engage the printer, as it does

in the TRACE mode of the Print Mode switch. To easure the fastest program execution (and

greatest battery power conservation), place the Print Mode switch wan[J[Ilinosw in the
TRACE

MAN or NORM position. 1f you want the HP-19C to print some results during or at the end
of & running program. simply place @B instructions in the program wherever printed results
are required,

Using the Printer for Creating Programs

The printer on your HP-19C is a valuable and time-saving tool that you can use not only to
record answess and program listings, but also to aid you in creating and editing programs
For example. when creating a program you can use the printer to generate the list of keystrokes
thiat will later form the bulk of your progrmm. With the Print Mode switch MAN-mnow
set 1o NORM, the printer records a history of the calculations necessary (o solve & pmblc m
Then you can simply go back and follow the listing preduced by the printer when loading
nstructions into program memory.

Example: The formula to calculste the total resis-
tance of two pamllel resistances in an electrical
circuit s

R1 x R2
RS =
R1 +R2
Write a program that will permit you to key in any
two parallel resistances and caleulate the total
resistance

.

Solution: Begin by selecting a pair of sample resistances; say, 1500 ohms and 2200 ohms
Then solve for the total resistance using the formula above with the Print Mode switch set to
NORM. To solve for paralle! resistances of 1500 ohms and 2200 ohms;

Set the OFF-PRGM-RUN switch o#wm 10 RUN

Slide the Print Mode switch wan [l vosw 1o NORM,
TRACE

Press Display

1500 1500

{570 1500.00 156,06 570!

2200 2200. 2200.66 x

1E3] 3300000.00 LSTX
= 2200.00 rCLI

[ nc. }] 1500.00 ¢

] 3700.00 +

® 891.89 691.89 #%+

[Fsix] 891.69
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As you can see, you have generaied a list of keystrokes that solves the problem. Your list
should Took like thes:

15¢@.e0 5701
22e0.86 x
LSTX
RCL1
+

£51.85 e

Now all you have to do & 10 add to this list slightly so that it will work forall values of R and
R2. With the Print Mode switch still set 10 NORM, solve the problem again so that thevalue for
R2 will be stored in register R, and the value for R1 will be placed in the LAST X register when
the multiplication operation is performed

1568.80 ENTT  Enrer 1500,
2288.00 STOL  510r 2200 in R,
Ky Exchange X and Y,
¥ Multiply 1500 x 2200
LSTX  Retreive 1500 from LAST X register.
RCLL  Recall 2200 from R,
' Add 2200 and 1500

¥ Divide 3300000,00 by 3700
BIL.B9  ax¢ Print value in display

Now assume that the values for R1 and R2 have been input to the Y- und X-registers,
respectively. If the program were defined by E¥EE] 5, it would Jook like this:

81 #LBLS
g2 sST0
63 Xy
04 X

85 LSTH
96 RCLL
87 +

oe 3

63 PRTK
18 RIN

Now lead the program. The printer is o grear aid here, 100, as you will see.
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Program Load Verification
In PRGM mode. with the Print Mode switch m!n!ce.m sef to TRACE, the printer

records the keystrokes you press as you load o program, This gives a printed record of the
program as you key it in, venfying that you are loading it correctly.

Switch to PRGM and TRACE modes now, and monitor the loading of the program as you press
the keystrokes:

First, slide the Print Mode switch wan worm o TRACE. Slide the PRGM-RUN switch
to PRGM. ¥

Then clear program memory by pressing:
D CLEAR

Now follow the list of keystrokes to key in the rest of the program,

Press Display

BEs 01 25 14 05 81 xLBLS
am! 02 45 01 22 ST0!
7] 03 1 03 XY
E3) 04 51 04 X
o= 05 16 63 65 LSTK
[5c. 1 06 55 01 26 RCLI
= 07 41 [
® 08 61 68 *
09 65 a3 PRTX
nEl 10 2513 10 RTN

Now switch back to RUN mode and run the program to see that it yields the same answer for
your lest case:

Slide the OFF-PRGM-RUN switch WHM to RUN.

Slide the Print Mode switch m%m hack to NORM (unless you want the printer o

trace the operation of the program, toe).

Press Display

1500 GRED  1500.00 1508, 08 ENTt
2200 2200. 2294.00 £SBS
B35 891.89 £91.85 *4x

As you can see, the printer is a great aid in the creation of programs.
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Program Listing
Whether the caleulator is set to PRGM or RUN, you can list your program

When you press 8 0], the printer lists the step number and operation for each step of the
program, beginning with the current siep and continuing until two instructions or step 98
is encountered.

You can stop the printing of a program at any tlime by simply pressing any key on the keyboard,

To list the program you currently have in [C

Press Display

ool 891.89 Sets calculator to top 6705

o of program [E)5. 01 #LBLS 25 14 05
82 5701 95 @t
83 Xy 11
o4 X 5!

95 LSTR 16 63
86 RCLI 55 8!

@7 ' 41
28 = 34
29 PRTX €5
12 RTN 25 13
11 RS &4

Note that you positioned the calculator to the beginning of the program [E]5 using the
@B S keys before printing. You can also position the calculator to any step (0 through 98)
in program memory using the @ n n keys.

Printing a Space

If you wish ta insert a space between portions of your print-out or between answers, you can
use the B3 D) (space) function. This function advances the paper one space without
printing. Digit entry is not terminated by the £ =) function.

For example:

Press Display

123 123.

2 N3 123. Papers advances one
spice,

456 123456. Digit entry was not

terminated by printing
a space.

From a program the use of ) G EFT] instructions allows you to place as many spaces as you
desire in your pnnted results

Section 7
Program Editing

Often you may want to alter or add to a program that is loaded in the calculator, On your
HP-19C/HP-29C keybeard, you will find several editing functions that permit you to easily
change any steps of a loaded program without reloading the entire prog

As you may recall, there are six functions plus, on the HP-19C, the ("] function that
cannot be recorded in program memory. All functions and can be ded as
instructions in program memory except these seven. These funcl)om are program editing and
manipulation functions, and they can aid you in altering and correcting your programs.

Nonrecordable Operations

[ is one keyboard operation that cannot be recorded in program memory,

When you press () in PRGM mode, program memory is cleared to

instructions and the calculator is reset o the top of memory (step 00) so that the first instruc-

don will be stored in step 01 of program memory. With the calculator set to RUN mode,
() merely cancels the  prefix key that you have pressed.

B (single step) is another nonrecordable operation. When you press [ESB in PRGM mode,
the calculator moves to and displays the next step of program memory. When you press B33 in
RUN muode, the calculator displays the next step of program memory—when you release the
557] kcy, the cal the i loaded in that step. GBI} permits you to single
step througha p ing the one step at a time or merely viewing each step

without execuuon. as you choose.

¥

T3 (back step) is a nonrecordable operation that displays the previous step of program
memory. When you press 11 [ in PRGM made, the calculator moves to and displays the
previous step of program memory, When you press and release (1 and then press down
{7 in RUN mode, the calculator moves to and displays the contents of the previous step of
program memory. When you then release [T, the original contents of the X-register are dis-
played. No instructions are executed.

[ Disa dabl ion used for lingthe O, @D, BB .
@ B0, 68 ((HEEE). AR (B0 ). @, nE] and B3 keys.
If you press = and wish to cancel that prefix key, simply press [0 1f you press
7 and wish to cancel that pmﬁx key, simply press . All other listed
functions can be cleared by p 2

[E5=2] is un HP-19C printing function used for pnnting the contents of program memory
When you press [ EIi=—=2the printer records the step number, a mnemonic und keye
for each step of the program, beginning with the current step and continuing until wo
instructions or step 98 is printed

o

112
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@B (go ro) 2 n nis another keyboard operation that cannot be loaded as an instruction.
(@@ followed by any number, however, can be loaded as a program instruction. More about
the use of this instruction later.) Whether the calculator is in PRGM or RUN, when you press
' O] followcd by a two digit step number, the program memory is set to that step number.
No i ns are ted, If the calculator is in RUN mode, you can venfy that the
calculator is set to the spec:l'ed step by briefly switching to PRGM mode. The @@ (] nn
operation is especially useful in PRGM mode because it permits you to jump to any location
in program memory for editing of or additions or corrections o your programs,

The [0 (delete) key is a nonrecordable operation that you can use to delete instructions
from program memory, When the calculator is in PRGM mode and you press [ [0,
the instruction at the current step of program memory is erased, and all subsequent instructions
in program memory move upward one step. For example, the section of program memory
shown below illustrates what would happen when you press [ [Z1] with the calculator set
to step 04,

With the calculator set to step 04 when you press 1 [0, program memory is changed...

«..from this... ...to this,
o1 DS 01 mEEs
02 &1 02 @Em
03 { x: ] Displayed =—— 03 2> )

Displayed =04 ® /___-—v 04 =3

05 :)/ 05 [
06 [N ——/_____—-—v 06 3
o7 & /___...—» o7
e 3 /__—-r o8 17
09 (9 | ) /__-r 09
10

Notice that when a program step is deleted, all keycodes below the deleted step move up one
step. The keycodes before the deleted step are moved into the display.

Now let's load a program from the keyboard and use these editing tools to check and modify it.

Pythagorean Theorem Program

The following program computes the hyp of
any right triangle, given the other two sides. The
formula used is ¢ = Va?® + b2,

Below are instructions for the program (basically,
the same keys you would press to solve for ¢
manually), assuming that valves for sides a and b
have been input to the X- and Y-registers of the stack.

So tha you can concentrate on program displays,

set the HP-19C Print Mode switeh wan [IIINonm
10 MAN e
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To load the program:

First set the calculator to PRGM mode, Then press ) to clear program
memory of any previous programs and reset the calculator to step 00 of program memory,

Finally, load the program by pressing the keys shown below.

Press HP-19C HP-29C

oE» 01 25 14 09 01 15 13 08
DE 02 25353 02 15863
<+ ] 03 1 03 21
o 04 2553 04 1563
®= 05 41 05 51
 f 53] 06 16 53 06 14 63
BE3 o7 2513 07 15 12

With the program loaded into the calculator, you can run the program. For e le; calcula

v

the hypotenuse of a right triangle with side a of 22 meters and side b of 9 meten

Before you can run the program, you must {nirialize it.

Initializing a Program

ion of a program means £ more than setting up the program (providing inputs,
setting display mode, ete.) prior to the actual running of it. Some programs contain initializa-
tion routines that set up the data to run the prog In other prog you may have to
initialize manually from the keyboard before running. In the case of the program for calcu-
lating the hyp of a triangle, to initialize the program you must place the values for
sides @ and b in stack registers X and Y. (Notice that the order does not matter in this case.)
Thus, to initialize this program:

e

First, set the calculator to RUN mode.

Press Display
22 EIED 22.00
9 8,

The program for hypotenuse of & right trangle using the Pythagorean Theorem is now
initialized for sides of 22 and 9 meters.

Running the Program

To run the progmam you have only to press B and the number key that selects this
program.

Press Display

o 23.77 Length of side ¢ in

meters.
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To compute the hypotenuse of a right triangle with a side a of 73 miles and a side b of 99 miles;

Press Display
73 EIED 73.00
99 99. Program initialized for
new set of data before
running.
=D 123.00 Length of side ¢ in miles.
Now let's see how we can use the nonrecordable editing f of the calculator to examine

and alter this program.

Resetting to Step 00

As you know, when you press |1 CLEAR [] with the calculator set to PRGM mode,
the calculator is reset to step 00 and all instructions in program memory arc erased and
replaced with instructions. However, you can reset the calculator to step 00 of program
memory while preserving existing programs in program memory by pressing @@ &) 00
in PRGM or RUN mode, or EJ{Z5) in RUN mode.

To set the calculator to step 00 with the Pythagorean Theorem program loaded into progi
memory:
Press Display

@@ 100 123.00

Length of sidec remains
indisplay from previous
running of program.
You could also have pressed E1(E2 in RUN mode to set the calculator to step 00.
Set the calculator to PRGM mode to verify that the calculator is now set at step 00 of program
memory,

Display

00

Single-Step Execution of a Program

With the Program Mode switch set to RUN, you can execute a recorded program one step at
a time by pressing the @3 (single-step) key.

To single-step through the Pythagorean Theorem program using a triangle with side a of 73
miles and side b of 99 miles:

First set the caleulator to RUN mode.,

Press Display
73 73.00
99 99. Program initialized for

this set of data before
running.
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Now, press and hold it down to see the keycode for the next instruction. When you release
the EED key, that next instruction is executed.

Press HP-19C HP-29C
01251409 011513 09 Keycode for £2(Z59
seen when you hold EEg
down.
99.00 99.00 I (59 is executed
when you release 5.

The first instruction of the program is executed when you press und release - (Notice
that you didn't have to press 39— when you are executing a program one step at a time,
pressing the key begins the program from the current step of program memory without
the need to press E9.)

Continue executing the program by pressing B9 again. When you hold down, you see
the keycode for the next instruction. When you release @3, that instruction is executed,

Press HP-19C HP-29C
fss1] 05 255 02 1563 Keycode for 1 3.
9801.00 9801.00 Exccuted.

When you press B8 a third time in RUN mode, step 03 of program memory is displayed.
When you release the 3D key, the instruction in that step, BB, is executed, and the
caleulator halts,

Press HP-19C HP-29C
[ss1] 03 11 03 21 Keycode for BB,
73.00 73.00 Executed.
C uting the program by means of the B3l key. When you have executed the 3

instruction in step 07, you have completed executing the program and the answer is displayed,
just as if the calculator had executed the program automatically, instead of via the BBl key-

Press HP-19C HP-29C

557} 04 25 53 04 15 63
5329.00 5329.00

05 a1 05 51
15130.00 15130.00

08 16 53 08 14 63
123.00 123.00

07 2513 07 1512
123.00 123.00

You have s¢en how the key can be used in RUN mode to single-step through a program.
Using the key in this manner can help you create and correct programs. Now let's see how
you can usc B, 3, and @@ nn in PRGM mode to help you modify a program,
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Modifying a Program

Since you have completed execution of the above program, the calculator is set at step 08.
You can verify that the calculator is set at this step by setting the calculator to PRGM mode
and observing the step number and keycode in the display.

Now let's modify this Pythagorean Theorem program so that the X-register contents will
automatically be displayed at certain points in the program, We will do this by inserting the
{0 (] instruction to halt the program and display the of the X-register for about
1 second, then resume execution. (More about ] later,)

HP-19C HP-29C

5 Jom) 01 25 14 09 01 15 13 09
& 02 2553 .~ 02 1563

] We will insert an o8 21

03 1 <— 0 =) instruction T+
(s [ 04 2553 04 1563
after each of these

05 4 instructions, 05 51
o E 06 16 53 06 14 63
BE3 07 2513 or

To begin modification of the loaded program, again reset the calculator to step 00 of program
memory without erasing the program:
Ensure that the calculator is set to RUN mode.

Press Display

s (T 123.00 Calculator reset 1o step

00 of program memory.

Single-Step Viewing without Execution

You can use the key in PRGM mode to single-step to the desired step of program memory

ithout ¢ ing the prog When you set the calculator to PRGM mode, you should see
that the calculator is reset to step 00 of program memory. When you press once, the calcu-
lator moves to step 01 and displays the contents of that step of program memory. No instruc-
tions are executed.

Set the calculator to PRGM mode.

Press HP-19C HP-29C
00 00 Step 00 of program
memory.
s57] 01 25 14 09 01 15 13 09

You can see that the calculator is now set at step 01 of program memory. If you press a
recordable operation now, it will be loaded in the next step, step 02, of program memory. and
all subsequent instructions will be “*bumped"* down one step in program memory.
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Thus, to Joad the 17 (] i jon so that the calculator will review the contents of the
X-register:

Press HP-19C HP-29C

B [E=) 02 1664 02 1474

Now let’s see what happened in program memory when you loaded that instruction. With
the calculator set at step 01, when you pressed program memory was altered...

«w.from this... ..to this.
o1 E[E]e o1 E[ED)9 1] Instruction
2 B 02 W)=« inserted here.
6o @ e OO )

)
B am
06 f;eDQ:os
07 BT 07 M@

08 (ms) o8 B All subsequent

09 (@) \\"\‘ 09 [wis) instructions are

10 =2 Sy 10 "bumped" down one
11 1 @S step of program
— _ memory.

One instruction lost
here.

You can see that when you insert an instruction in a program, all i ions after the onc
inserted dre moved down one step of program memory, and the instruction formerly loaded
in step 98 is lost and cannot be recovered. In this case, the last instruction was a [RfS) instruc-
tion and was not used in the program. Note, however, that if you inserted an instruction
into program memory when step 98 contained an instruction used in a program, the instruc-
tion would be lost from step 98, You should always view the contents of the last few
steps of program memory before adding instructions to a program to ensure that no vital
mstructions will be lost from there.

Going to a Step Number

It is easy to see that if you wanted to single-step from step 00 to some remote step number
in program memory, it would take a great deal of time and a number of presses of the
key. So the calculator gives you another nonrecordable operation, @) () n n, that permits you 10
RO 10 any step number of program memory.
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Whether the calculator is set to PRGM mode or to RUN mode, when you press @8 (< n n,
the calculator immediately jumps to the program memory step number specified by the two-
digit number n n. No instructions are executed. In RUN mode, you can momentarily set
the calculator to PRGM mode to view this program information, while if the calculator is
already in PRGM mode, the step number and keycode for the instruction contained in that
step are displayed. Program searching or execution then will begin with that step of program
memory. Loading will begin with the next step of program memory.

P(n’ example, to add an ' [CZ7] instruction to review the X-register contents after the
yp has been calculated by the i ion in step 07, you can first press @) (go o)
followed by a decimal point and the appropriate two digit step number of program memory,

Then press [ to place that instruction in the following step of program memory.
Remember that when you add an instruction in this manner, each subsequent instruction is
moved down one step in program memory, and the last instruction is lost from step 98, To
add the 1 instruction after the ) instruction that is now loaded into step 07:

Press HP-19C HP-29C
&3 (07 07 1653 07 14863
BEED 08 1664 08 1474

As you load the © (] instruction into step 08, the instruction that was formerly in step
08 is moved to step 09, and the instructions in subsequent steps are similarly moved down
one step. The instruction in step 98 is lost from program memory.

When you added the ' (7] instruction after step 07, program memory was altered...

+.from this... ...to this.
o1 @EEe 01 pE=le
02 EB(FETED) 02 mE=
03 @ 03 nld
04 04
os @i o pod
06 06
o7 B3 o7 NE3@
08 QED \OB O -—_ 0(E=) instruction
09 09 PED inserted here.
10 —_— =10
" 1
. . Al subsequent
. . instructions are moved
. down one step of
97 97 program memory.
o8 % @

~4——— One instruction lost
here.
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Stepping Backwards through a Program

The [) (back step) key allows you 1o back step through a loaded program for editing
whether the calculator is in RUN or PRGM mode. When you press £l [E57], the calculator
backs up one step in program memory. If the calculator is in RUN mode, the previous step
is displayed as long as you hold down the key. When you release it, the original
contents of the X-register are again displayed. In PRGM mode, of course, you can see the
step number and keycode of the instruction in the display at all times. No instructions are
executed, whether you are in RUN or PRGM mode.

You now have one more [T ] instruction to add to the Pythag Th

' [ instruction should be added after the £ instruction, that is now loaded in
itcpm of program memory. If you have just pleted loading an ([ ] instruction in
step 08 as described above, the calculator is set af step 08 of program memory. You can use
1o back the calculator up to step 04, then insert the 0 (] instruction in step 05.
To begin:

Ensure that the calculator 1s sct to PRGM mode.

Press HP-19C HP-29C
08 16 64 08 14 74 Caleulator initially set to
step 08
8= 07 16 53 07 14 63 Pressing (E3) once moves
the calculator back one
Slep in Program memory.

When you press £ (Z1, the calculator backs up one step in program memory. No instruc-
tions are exccuted when you use the (777 key. Continue using the (1) key to move backward
through program memory until the calculator displays step (M.

Press HP-19C HP-29C
L] 06 41 06 51
0D 05 2553 05 15 63

04 11 04 21

Since you wish to insert the 1 () instruction after the BB instruction now loaded
in step 04, you move the calculator to step 04 first, As always, when you key in an instruction,
itis loaded into the next step after the step being displayed. Thus, if you press 1 [C__) now,
that instruction will be foaded into step 05 of program memory, and all subsequent instruc-
tions will be moved down, or "‘bumped,”” one step.

Press HP-19C HP-29C
EE) 05 16 64 a5 14 74
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You have now finished modifying the Pythag Th program 5o that you can review
the contents of the X-register at several points during the running of it. The altered program
is shown below:

28%8&888R8=%
b

s
a
B

o)

If you wish, you can use the B8 key in PRGM mode to verify that the program in your
caiculator matches the one shown above. (Refer to Looking at Program Memory, page 95,
and The Printer and the Program (HP-19C), page 107.)

Running the Modified Program

To run the Pythagorean Theorem program, you have only to set the calculator to RUN maode,
key in the values for sides @ and b and press B 9. The caleulator will now display the
X-register contents, then square side b, exchunge the contents of the X- and Y-registers, and
review the X-register contents again, Finally, the value for the hypotenuse will be calculated,
the X-register contents will be reviewed a third time, and the caleulated value for the hypote-
nuse will appear in the X-register when the program stops running.

For example, to compute the hypotenuse of a right triangle with sides a and b of 22 meters
and 9 meters:

Set the calculator to RUN mode,

Press Display

22 22.00

9 9. Program initialized,

[ase D] 9.00 After reviewing the X-
22.00 register contents three
23.77 times during the running

program, the answer in
meters is displayed.

Now run the program for a right triangle with sides @ and b of 73 miles and 99 miles.
(Answer: 123 miles)

Deleting Instructions

Often in the modification of a program you may wish to delete an instruction from program
memory. To delete the instruction to which the calculator is set, merely press the non-
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recordable operation [ (delete) with the calculator set to PRGM mode. (When the
caleulator is set to RUN mode, pressing does nothing except cancel # pressed prefix
key £J.) When you delete an instruction from program memory using the [T key, all
subsequent instructions in program memory are moved up one step, and a instruction
is loaded into step 98. The calculator moves to the step before the deleted step and displays it.
For example, if you wanted to modify the Pythag: Th program that is now loaded
into the calculator so that the X-register was only reviewed once, at the end of the program,
you would have to delete the |/ [T instructions that are presently loaded in steps 02 and
05 of program memory. To delete these instructions, you must first set the calculator at
these steps using 58, £ G0 or @B (D n n, then press £ G5, To delete the " (]
mstruction now loaded in step 02:

First, set the calculator to PRGM mode.

Press HP-19C HP-29C
Em (o2 02 16 64 02 1474 Step 02 is displayed,
[ o | 7] 01 25 14 09 01 15 13 09 The instruction in step 02

is deleted and the calcu-
lator moves to step 01.

You can use the key to verify that the ©/ (] instruction has been deleted and
subsequent instructions have been moved up one step.

Press HP-19C HP-29C

[ 557} 02 25 53 02 15 63 The instruction formerly
in step 03 was moved up
to step 02, and all sub-

sequent instructions were
moved up one step when
you pressed £ (=1,

When you set the calculator to step 02 of program memory and pressed £l
memory was altered. ..

o1 @9 01 EI[EJ9 . One instruction
02 WED) >0 @ deleted here.
03 9_@ ~ 03 BB
04 04 '.".I |
s BEE— Lo @D
s mE ____'__,_._708 @D
07 o7 I

— /" —
08 B3 08 BE=
09 \;l:ﬁoe oED These instructions all
10 DED I 10 move upward one step
11 > 11 @
12
95 L
96 [ws) ‘_'_‘_,_,_,4'93 [®5s)
97 97 (@8
98 _'—"—"98 & O:B@hléinsuucﬂm

added here.
®3)
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To delete the 1} instruction now loaded in step 04 you can use the B key to single-
step down to that step number and then delete the instruction with the £ operation.

Press HP-19C HP-29C

o] 03 "1 o3 21

o) 04 1664 04 1474

am 03 11 03 21 The [ ] instruc-

tion is deleted from step
04 and the calculator
displays step 03. Sub-
sequent instructions
move up one step of
program memory,

If you have modified the program as described above, the calculator should now review the
contents of the X-register only once, just before the program stops. The calculated value of
the hypotenuse is then displayed.

Set the caleulator to RUN mode and run the program for right triangles with:

Sidesa and b of 17 and 34 meters. (After reviewing the X-register calculator displays answer
for side ¢, 38.01 meters.)

Sidesa and b of 5500 rods and 7395 rods. (After reviewing the X calculator display

answer for side ¢, 9216.07 rods.)

To replace any instruction with another, simply set the calculator to the desired step of
program memory, press £ 2 to delete the first instruction, then press the keystrokes for
the new instruction.

The editing features of the calculator have been designed to provide you with quick and easy
access 10 any pant of your program, whether for editing, debugging, or documentation. If a
program stops running because of an ermor or because of an overflow, you can simply set
the calculator to PRGM mode to see the step number and keycode of the operation that caused

the error or overflow. If you suspect a portion of your prog is faulty, you can use the
@8 () n n operation from the keyboard to go to the suspect section, then use the Bl
operation in RUN mode 0 itor every change in calculator status as you execute the

Program one step at a time.

Using the Printer for Editing (HP-19C)

With the HP-19C Print Mode switch set to TRACE, the printer preserves a record of every
instruction executed in a running progeam, as well as all intermediate and final answers,
This feature is a valuable aid in debugging and editing programs. Ta see how the printer
reproduces the action of a progmm, slide the Print Mode switch to TRACE and run the
Pythagorean Theorem program 10 solve for a triangle with sides @ and b of 11282 kilometers
and 65482 448 kilometers;
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Slide the Print Mode switch wan[Ilivors 1o TRACE.
TRACE

Press Display
11252 EHED 11282.00 11282. 68 ENT?
65482.448 65482.448 65462.448 £5B3
B3 o 66447.23 Kilometers. B! ®lBLS
82 xe
4287958996, iy
83 XY
11282.8¢ %2
b4 Xe
127283524.8 3%
85+
4415234528, xxx
e X
66447.23 142
87 PSE
88 RIN

The printer shows every step number, a mnemonic symbol for every nstruction executed,
and, where calculated, every intermediate and final result

‘When a program halts in the middie of execution because of an error or because of an over-
flow, you can slide the OFF-PRGM-RUN switch to PRGM to see the step number and keyeode
of the instruction that caused the error or overflow. It muy be more helpful, however, to run
the program with the Print Mode switch set to TRACE so that you chart the events, step-hy-
step, that led to the error. With the printer set to the TRACE mode, you can print the operi-
tion of the entire program, or, by first addressing the desired beginning step of the program
with B8 or you can print only a portion of the operation of the program if you desire,

You can use the printer in the TRACE mode in conjunction with B3 to slow down execution
even more, With the Print Mode switch set to TRACE, each time you press the [BER key, one
instruction is executed and & mnemonic symbol for the instruction and any results are also
printed. With this feature, you can examine your programs step-by-step with a fine-toothed
comb!

You can also use the printer to verify changes you have made. To print the modified
Pythagotean Theorem program now loaded in your caleulator:

Press Display
= : 6709
9 66447.23 Result from previons
- problem . B1 $LELS
0 &g 66447.23 Prints contents of 82 X2
program 9, 62 cil
B4 Xz
85 +
(13 L}
87 PSE
88 RTN
89 R/S
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Problems

I

You may have noticed that there is a single keyboard operation, ) 2, that calculates
the hypotenuse, side ¢, of a right trangle with sides a and b input to the X- and Y-
registers. Replace the (], B, @, and O3 i ions in the Pyth
Theorem program with the single instruction as follows:

2. Use the B8 &) nnand B3 keys to verify that the Pythagorean Theorem program
contains the instructions shown below.

aEe
[ojes)]

B Replace all of these instructions
o)

with a [ [ instruction.

0 (==]
L (i |

838888R8=2
EE0

b. Uscthe @@ nn keyboard operation to go to step (6, the last instruction to be
deleted in the program.

¢, Use the £1(E0) keyboard operation in PRGM mode to delete the instructions in
steps 06, 05, 04, 03, and 02.

Note: When modifying a program, you shouid always delete instructions before
you add others, to ensure that no vital instructions are "bumped" from the bottom
of program memory and lost.

d. Load the £ (2 instruction into step 02.

e.  Verify that the modified program looks like the one below.

o1 BIEDe
02 B

03 (]
04 11

. Switch to RUN mode and run the prog:
of 73 feet and 112 feet.

for a right triangle with sides a and &

(Answer: 133.69 feet)

The following program is used by the manager of a savings and loan company to com-
pute the future amounts of savings accounts according to the formula FV = PV(1 + )",
where FIV is future value or amount, PV is present value, { is the periodic interest rate

expressed as a decimal, and n is the ber of periods. With PV d into the
Y-register, n keyed into the X-register, and an annual standard interest rate of 7.5%, the
program is:’

0 BE=E
02 |
03 [HER
04 [
05 0
06 7
07 5
08 [
0s EX
10 wEo
1" ®
12 O

a. Load the program into the calculator. On the HP-19C, insert an (2B instruction o
print the FV,

b. Run the program to find the future amount of $1,000 invested for 5 years.
(Answer: $1,435.63)
OF $2,300 invested for 4 vears.
(Answer; $3,071.58)

<. Alter the program to account for a change of the annual interest rate from 7.5% to
8%.

d. Runthep for the new i rate to find the future value of $500 invested
for 4 years: of $2,000 invested for 10 years.

(Answer: $680.24; 54,317.85)

The following program calculates the time it takes for an object to fall to the earth when
dropped from a given height. (Friction from the air is not taken into account.) When the
program is initialized by keying the height / in meters into the displayed X-register
and EEDO is pressed, the time f in ds the object takes to fall to earth is computed
according to the formula:

t=e B
9.8 meters/second®




a. Clear all previously recorded programs from the calculator and load the program
below. On the HP-19C insert @@ instructions to print the height and time.

01 B0
02 2
03 [®
04 9
05 3
06 8
07 3
8 nE
08 I

b. Run the program to compute the time taken by a stone to fall from the top of the
Eiffel Tower, 300.51 meters high; from a blimp stationed 1000 meters in the air.

(Answers: 7.83 seconds; 14.29 seconds)

¢.  Alter the program to the time of d when the height in feer is known,

according to the formula:

L

2h
32.1740 feet/second®

d.  Run the altered program to compute the time taken by a stone to fall from the top
of the Grand Coulee Dam, 550 feet high; from the 1350-foot height of the World
Trade Center buildings in New York City,

(Answers: 5.85 ds; 9.16 ds)

Sectlon 8

Branching

Unconditional Branching and Looping

You have seen how the nonrecordable operation @8 (2 0 n can be used from the keyboard.
to e ion to any step ber of program memory. You can also use the go to
instruction as part of a program, but in order for E to be recorded as an instruction, it
must be followed by a label designator (0 through 9). (It can also be followed by the [[] key—
more about this later.)

When the calculator is ing a program and a @@ ion, for pl
it diately halts ion and begins hing sequentially downward through progr
memory for that label. When the first £1 (501 instruction is then enc d ion
begins again.

By using a @ instruction followed by a label desig in a program, you can transfer
exccution to any part of the program that you choose,

Execution
0 =le

o @n

|

|

Execution branches fo nex!
a@E.
—— @ Eh

A B8 instruction used this way is known as an unconditional branch. 1t always branches
execution from the @ instruction to the specified label. (Later, you will see how a con-
ditional instruction can be used in conjunction with a [ instruction to create a condirional
branch—a branch that depends on the outcome of a test.)

A common use of a branch is to create a “‘loop" in a program. For example, the following
program calculates and displays the square roots of consecutive whole numbers beginning
with the number 1. The calculator continues to compute the square root of the next consecutive
whole number until you press to stop program execution (or until the calculator
overflows).

128
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To key in the program:

First, set the calculator to PRGM mode.

Press [T 1o clear program memory and reset the calculator to step 00,
Set the HP-19C Print Mode switch um%m to MAN.

HP-19C HP-29C
0125 1401 01 1513 01
02 00 02 oo

03 45 01 03 23 01
04 25 14 04 04 15 13 04
05 o1 05 o1

06 45 41 M 06 23 51 01 Adds 1 to current number in

R,.

[7c. ] 07 5501 07 240 Recalls current number from
R,.

23 08 16 64 08 14 74 Displays current number,

[+ )5 08 16 53 08 14 83

nE= 10 16 64 10 1474 Displays square root of
current number.

am4 1 14 04 1 13 04 Transfers execution to
2 [T 4 again.

am 12 2513 12 1512

To run the prog; set the calculator to RUN mode and press @3 1. The program will
begin displaying a table of integers and their square roots and will continue until you press
and hold from the keyboard or until the calculator overflows,

How it works: When you press @EB1, the calcul searches through program memory

until it encounters the £ (50 1 instruction that begins the program, It executes that instruction
and cach subsequent instruction in order until it reaches step 11, the @4 instruction,

The @4 instruction causes the calculator to search once again, this time for a £ [)4
nstruction in the prog When it the £F (54 instruction loaded in step 04,
execution begins again from that 3 )4, (Notice that the address after a @8 instruction
in a program is a label, not a step number.)

L )]

88%8888R8%e

1 @ms
12 DED
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Since exccution is transferred to the £ (504 instruction in step 04 each time the calculator
e the @@4 in step 11, the calculator will remain in this **loop,"" con-
tinually adding onc to the number in storage register R, and displaying the new number and
its square root,

Looping techniques like the one illu d here are and rdinarily useful in
programming. By using loops, you take advantage of one of the most powerful features of
the calculator—the ability to update data and perform calculati wcally, quickly,

and, if you so desire, endlessly.

You can use unconditional branches to create a loop, as shown above, or in any part of a
program where you wish to transfer execution to another label. When the calculator executes a
@ instruction, it searches sequentially downward through program memory and begins
execution again at the first specified label it encounters.

Problems

1. The following program calculates and pauses to display the square of the number 1 each
time it 1s run, Key the program in with the calculator set to PRGM mode, then switch
to RUN and run the p a few times to see how it works. Finally, modify the
program by inserting an £ =0 7 instruction after the B | instruction in step 03, and
a @ 7 instruction after the second ' (] instruction. This should create a loop
that will continually display a new number and display its square, then increment the
number by 1, display the new ber and compute and display its square, ete. To
load the original program, before modification, set the calculator switch to PRGM

mode. Then:

Press HP-19C HP-29C

! CLEAR ) 00 00

[0 J=) 01 25 14 04 01 15 13 04
0 02 4501 02 00
570 B 03 01 03 2301
1 04 01 04 o1
[sTo [ 05 45 41 01 05 23 51 01
=N 06 5501 06 24 01
) 07 16 64 o7 1474
a= 08 2553 08 15 63
BEE) 09 16 84 04 1474
8 10 2513 0 1512

Note that on the HP-19C you can enter a instruction rather than the E
to print the fable of squares, Set the Print Mode switch Man ll[TJnoAm 1o NORM o1
MAN,

Run the prog 0o g a table of sq
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Use the flowchart on the following page to create
a program that computes and pauses to display
(o print on the HP-19C) the future value (FV)
of acompound i ings in incre-
ments of one year according to the formula:

FV =PV(l +0)"

where FV = future value of the savings account.
PV = present value (or principal) of the account,
i = interest rate (expressed as a decimal fraction; e.g,, 6% is expressed as
0.06).

n= of compounding penods (usually, years),

A that prog 1on will begin with / entered into the Y-register of the stack
and with PV keyed into the displayed X-register.

After you have written and loaded the program, run it for an initial interest rate { of
6% (keyed in as .06) and an initial deposit (or present value, PV) of $1000,

(Answer: 1™ year, $1060; 2*¢ year, $1123.60; 3" year, $1191.02; etc.)

The program will continue running until you press (or any key), or until the
calculator overflows. You can see how your savings would grow from year to year.
Try the program for different intesest rates i and values of PV,

132 Branching

Store PV
n primary storag
register R,.

Bring | nto
display by rolling
gown stack.

Store quantity 1

Storg || + 1)
in primary storage
register R;,

Define beginning
ol routine with

-

Recall
i + 1) trom RA,.

Recall nfrom &,

Display (Pause)or
Print (HP-19C| n

pute (1 + )"

PVtrom R,

_g!
B
<2

Display (Pause)or
Print (HP-19C) FV

Add 1 tonin
register R,

Goto LBL 4
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Conditionals and Conditional Branches

Often there are imes when you want a program to make a decision. For example, suppose an
accountant wishes to write a program that will calculate and display the amount of tax to
be paid by a number of persons. For those with incomes of $10,000 per year or under, the
amount of tax is 17.5%, For those with incomes of over $10,000, the tax is 20%. A flowchart
for the program might look like this:

Compute
17.5% of income,

Compute
20% of income.

{or Print) tax.

134 Branching

The conditional operations on your HP-19C/HP-29C keyboard are useful as program instruc-
tions to allow your calculator to make decisions like the one shown above. The cight con-
ditionals that are available on your calculator are:

10 [ tests to see if the value in the X-register is equal to the value in the Y-register.
11 [ tests to see if the value in the X-register is unequal to the value in the Y-register.

[0 [ tests to see if the value in the X-register is less than or equal to the value in the
Y-register.

U1 [ tests to see if the value in the X-register is greater than the value in the Y-register.
[T tests to see if the value in the X-register is equal to zero.

L350 tests to see if the value in the X-register is unequal to zero.

[30 tests to see if the value in the X-register is less than zero.

IP(E2) tests to see if the value in the X-register is greater than zero.

Each conditional essentially asks a question whea it is d as an i on in a
program. If the answer is YES, program execution continues sequentially downward with the
next instruction in program memory. If the answer is NO, the calculator branches around
the next instruction. For example:

Execution
|

I
[
L

Conditional Test |~ -

vl

You can see that after it has made the conditional test, the calculator will do the next instruction
if the test is frue. This is the **DO if TRUE" rule.

The step immediately following the conditional test can contain any instruction. The most
commonly used instruction, of course, will be a @8 instruction, This will branch program
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execution to another section of program memory if the conditional test is true.

Conditional Test [

= @8 (%
Instruction
Instruction
Instruction
Instruction
- aEI
l instruction | |

Yes

[}

Now let's look at that accountant's problem again. For persons with incomes of more than
$10,000 he wants to compute a tax of 20%. For persons with incomes of $10,000 or less,
the tax is 17.5%. The following program will test the amount in the X-register and compute
and display the correct percentage of fax.

To key in the program:
Set the calculator to PRGM mode.
Ensure that the HP-19C Print Mode switch is sef 10 MAN

Press HP-19C HP-29C

DCLEAR ) 00 00

aEN 01 25 14 01 01 15 13 01

[rex ] 02 23 02 33

4 03 04 03 04 Amount of $10,000

<27 04 1" 04 21 placed in Y-register,

0= 05 16 41 ol 4:91 If amount of income is

Gro ) 06 14 02 06 13 02 gredter than $10,000,
g0 10 portion of program
defined by label 2.

1 07 o1 o7 01

7 08 o7 08 o7 A

® 08 3 00 73 Tnx.percemage for this

5 10 05 0 05 portion of program is

cro K] 17 14038 11 1303 17.5.

B 12 25 14 02 12 15 13 02 .

2 13 02 13 02 Tax percentage for this

0 14 00 14 00 portion of program 1s
20,

nEs 15 25 14 03 15 15 13 03

18 25N 1% 1521

ar 17 2513 17 1512

136 Beancning

To run the program to compute taxes on incomes of §15,000 and $7,500:
Set the calculator to RUN mode.

Press Display
15000 B33 1 300000 Dollars of tax.
7500 B3 | 1312.50 Dollars of tax.

Another place where you often want a program 10 make a decision is within a loop, The
loops that you have seen have to this point been infinite loops—that is, once the calculator
begins executing a loop, it remains locked 1n that loop, exccuting the same set of instructions
over and over again, forever (or, more practically, until the calculator overflows or you halt
the running program by pressing or any other key).

You can use the decision-making power of the conditional instructions to shift program

execution out of a loop. A conditional i fon can shift out of a loop after a
specified number of iterations or when a certain value has been reached within the loop.
Problems

1. Wnite a program that will calculate the arc sine (that is, sin”*) of a value that has been
keyed into the displayed X-register. Test the resulting angle with & conditional, and if
it is negative or zero, add 360 degrees to it to make the angle positive. Use the flowchart
below to help you write the program.
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The program below ins a loop that display utive i and their
logarithms. You can specify the lowest integer by storing a number in storage register
Ry, but the program will continue until you press or any other key from the key-
board, or until the calculator’s capacity for display is exceeded.

(< Tam]]
o
=80

Z2BIRIRBR2

Using the additional instructions GEN 8, T2, @@ 2 and 2, you should be able
to modify this program to halt execution when & certain number is reached, As you add
these instructions, assume that the value for the upper limit has been manually stored
in primary storage register Ry,

When the program is running and the value in register R, becomes greater than the limit
vou store in register Re, program execution should be transferred out of the loop to the
3 i ion 1o halt the g prog

Maodify the program, key it into the calculator, and intialize the calculator by storing a
lower limit of 1 in register R; and an upper limit of 5 in register Ry. Then run the pro-
gram. Your displays should look like the ones below. Try other upper and lower limits.
(The lower limit must dlways be greater than zero, and the upper limit should be greater
than the lower limit.)

Display
1.000000000
0.000000000
2.000000000
0.301029996
3.000000000
0477121255
4.000000000
0.602059991
5.000000000
0.698970004

Use the flowchart on the opposite page (o help you write a program that will allow &
sulesman to compute his commissions ot the rates of 10% for sales of up to $1000,
12.5% for sales of $1000 to $5000, and 15% for sales of over $5000. The program
should display the amount of commission when it stops.

Load the program and run it for sales amounts of $500, $1000, $1500, $5000, and
$6000.

(Answers: $50.00, $125.00, $187.50, $625.00, $900.00)
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Section 9
Program Interruptions

In your programs, there may often be occasions when you want a program to halt during
execution so that you can key in data, or to pause so that you cun quickly view results
before the program zutomatically resumes running. Besides ill ing the two fi

and (T, that are used for program interruptions, this section also shows you how the
keyboard can be used to halt program execution, and how an error will halt a running program.

Using

The (runistop) function can be used either as an instruction in a program or pressed
from the keyboard.

When pressed from the keyboard:
1. If a program is running, (W8] stops the program.

2. If a program is stopped or not ing, and the calculator is in RUN mode, (B3] starts
the program running beginning with the current location in program memory,

‘When executed as an instruction during a running progr StOps Program execution
after its step of program memory . If is then pressed from the keyboard, execution begins
with the current step of program memory. (When is pressed, it displays the step number
and keycode of that current step—when released, execution begins with that step.)

You can use these features of the instruction 1o stop & running program at points where
you want to key in data. After the data has been keyed in, restart the program using the
key from the keyboard.

Example: The following program lets you key in a percentage discount and calculates the
cumulative cost of various quantities of differently priced items from which the discount has
been subtracted. A instruction is inserted in the program to allow you to key in data,

To key in the program:
Set the calculator to PRGM mode,

Press HP-19C HP-29C
00 00
01 25 14 05 01 15 13 0§
02 16 23 0z 14 33
03 45 00 03 23 00 Store discount percentage in
R,.
04 25 14 08 04 15 13 09
05 64 05 74 Stop to key in quantity and
price.
06 51 06 61
e i 07 55 00 o7 24 00



oe 08 25 11 08 15 21
S] 09 a1 09 41
am =1 10 45 41 01 10 23 51 01 Add 1o running total in R,.
(e 11 55 m 11 24 01 Recall running total for
display.

[aro ) 12 1409 12 1308
BED 13 26513 13 1512
Now run the program to calculate the cumulative total of the following purchases at a discount
9E:15%- Quantity Price of Each

5 $ 735

7 $12.99

14 $14.95
Then run the program to calculate the lative total of the following purch atadi
of 25%:

Quantity Price of Each

7 $ 499

12 $ 188

37 $ 8.50

In order to calculate the cumulative total for each percentage of discount, merely key in the
percentage value and press @3 5. When the calculator stops executing, key in the quantity
of an item and press GIEE. Then key in the price of that item and press to resume
program execution from that point.

To run the program:
Set the calculator to RUN mode.

Display

15. Key in discount %.

15.00

5.00

31.24 Running total.

7.00

108.53 Running total.

14.00

286.43 Cost for all items
at 15% discount,

25, Percentage of discount,

25.00

7.00

26.20 Running total.

12,00

4312 Running total.

37.00

278.99 Cost for all items

at 25% discount.

142 Pro lorrug

If you have a number of halts for data entries like the ones shown here, it may be helpful to
*“identify™ each step by recording a familiar ber into the program i diately before
each instruction. When the calculator then stops execution because of the instruc-
tion, you can look at the displayed X-register to see the “identification number'" for the
required data input at that point. For example, if your program contained stops for data
inputs, it might be helpful to have the numbers | through 8 appear so that you would know
which input was required each time, (Don't forget that the *“identification number'” will be
pushed up into the Y-register of the stack when you key in a new number.)

Pausing to View Output

You now know two instructions that will slow or halt a running program for data output—
B (HP-19C) and § can print(on the FIP-19C) the vatue contained in the X-register
at any point in the program, while [R7S] stops a running program and allows you 1o view
results in the display, For HP-19C printer operation, refer to The Printer and the Program
(page 107)

Another instruction that can be used o slow & running program to view output is the ()
instruction. An [ (0] § i d in a progi ily interrupts prog
execution. The length of the pause is about one second, although more (Z2_] instructions in
subsequent steps of program memory can be used to lengthen viewing time, if desired.

You can use §) in 2 program to monitor the operition of the progrum without printing
every result

Example: Named after a 13%-century math

cian, the Fibonacci series is a series of numbers that
exp many relationships found in mathemat-
ics, architecture, and nature. (For example, in
many plants, the proliferation of branches follows a
series of Fibonacci numbers.) The series is of the
form0, 1, 1.2, 3, 5, 8, 13..., where each element is
the sum of the two preceding elements.

The following program contains & loop that g the next Fib i el pauses (©
display it, then g still her Fibonacci el and pauses to display thas, etc. The
loop is an infinite one, and the program will run, continually displaying the next Fibonacci
element, until you stop the program by pressing {or any key) from the keyboard, or until
the calculator overflows.




To key in the program:
Set the calculator to PRGM maode,

HP-19C HP-29C

00 00

01 25 14 02 01 15 13 02
02 00 02 o0
03 45 00 03 23 00
04 ot o4 01
05 45 01 05 23 01
06 16 64 08 14 74 )
07 25 14 00 07 15 13 00
o8 55 00 08 24 00
09 5501 09 24 01
10 a9 10 51
" 16 64 1] 14 74
12 45 00 12 2300 Infinite loop.
13 55 00 13 24 00
14 55 01 14 24 01
15 a“ 15 51
16 16 64 16 14 74
177 450 7 2301
18 14 00 18 13 00
19 25 13 19 15 12

Now switch 10 RUN mode and run the program. Press and hold [&75) (or any key) to stop the
program after you have seen how quickly the Fibonacci senies increases. To run the program:

Set the calculator to RUN mode.

Display

2 1.00
1.00
2.00
3.00
5.00
8.00
13.00
21.00
34.00
55,00

88.00
&3 144.00

G
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Keyboard Stops

As you know, pressing any key from the keyboard dunng a running program halts that
program. The program may halt after any step—if you set the calculator to PRGM mode after
4 program is halted, you will see the step number and keycode of the next step to be executed,

The calculator has been designed so that progr will not halt in the middle of a
digit entry sequence. If you press any key while a number is being placed in the X-register
by a running program, the entire number will be “*written'* and the following step will be

executed by the program before the program halts.

When a program is halted, you can ion by pressing (/8] from the keyboard in
RUN mode, When you press [A75] , the p i wuh the next step as
though it had never stopped at all. For example. you can resume execution of the
Fibonacci series program now:

Press Display
233.00 The program resumes
execution.
377.00
(E3) 610.00 The program halts
again.
Error Stops
If the calcul: 1o any error i ion during a ing prog|

execution lmmedwlely halts and the calculator d:spla)s lhe word Error, To see the step number
and keycode of the error-causing instruction, you can briefly set the caleulator to PRGM mode.

Setting the calculator to PRGM mode clears the eror, as does pressing any key from the
keyboard. (The key function is not executed.) You can then resume program execution, if you
wish, by pressing from the keyboard in RUN mode.

Problems

1. For several different sizes of cans, the ata i pany knows the radius
r of the base of the can, the height 4 of the can, and n, the numbcr of cans of that
size. Write a program that will permit the foreman to key in the value for the radius
and stop to display the area A of the can. The foreman then keys in the value for the
height /i, presses [R75), and the program calculates the volume V' according to the
formula V' = A x h, stopping to display the value for V. Finally the foreman Keys in
the number of cans #, presses (RiS] again, and the total volume, V', is calculated and
displayed.
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Use the following flowchart to help you write and load the program. Then run the
program for 20,000 cans with heights of 25 centimeters and radii of 10 centimeters;
for 7500 cans with heights of 8 centimeters and base radii of 4.5 centimeters.

{Answers: A = 314,16 ¢cm®, ¥V = 7853.98 cm®, V¢ = 157079632.7 cm®)

(Answers: A = 63.62 cm?, V = 508.94 cm®,
Vo = 3817035.07 cm?)

Key in
radius r.

Start

Section 10
Subroutines

Often, a program contains a certain serics of i that are 1 1 times
throughout the program. When the same set of instructions occurs more than once in a
program, it can be d as a subroutine. A subroutine is selected by the @ (go 10
subroutine) operation, followed by a label address (0 through 9). You can also select a
subroutine with the [7] function—more about that later.

A [EED instruction transfers execution to the routine specified by the label address, just like
a @ instruction. However, after a B instruction has been exccuted, when the running
program then executes a [T (return), execution is transferred back to the next instruction
after the @&, Execution then continues sequentially d { through memory
The illustration below should make the distinction between B8 and G more clear.

Branch Subroutine
mEo B =] 2 (o Jam OEd2
! y
| ; j
3 / 4
/ Gm 2
o 2 -
\
\
mEa DER 03 NE
Execution Execution
stops here. stops here,

In the illusteation of & b(anl:h on the left, if you prcssed - 0 from the keyboard, the
program would ially d h program memory. If it
encountered a (G 2 instruction, it would thal search for the next {2 [(2 2 and continue
execution from there. until in encountered a £ . When it executed the EI(ED) in-
struction, execution would stop,

However, if the running program encounters a @ 2 {go 70 subroutine 2) instruction, as
shown in the illustration on the right, it searches downward for the next £ [0 [[] 2 and resumes

jon. When it enc o [I[ED (return), program execution is ONCE AZain trans-
ferred, this time back to the point of onigin of the subroutine, and execution resumes with the
next instruction after the @80 2.

146



As you can see, the only difference between 4 subroutine and a normal branch is the transfer
of exccution after the ©5[2). After the @8, the next ©1(T7) halis a running program;
after a B3, the next DI returns execution back to the main program, where it
continues until another £ [ (ora (®7) ) is encountered. The same routine may be executed
by @8 and B8 any number of times in a program.

Example: Aquadratic eq is of the form ax? + bx + ¢ = 0. lts two roots may be found by
- - —py - 2 —
the formulas ry = =2 '22 L s '22 dac  Notico ihic similasity

between the solutions for r, and ry. The program below permits you to key in the values for
a. b, and ¢ in storage registers R,. R; and Ry; the resultant roots r, and r, are available
by pressing EE5 and EED6.

Here 15 @ plete program for calculating the two roots of a quadratic equation:

Calculate r1 Calculate r2
or | B35 19 | BE6
0z | EEM2 20 | (=2
03 21 | @B
o4 | =2 22 | CEM2
os | (D 23|l @
os | (=81 These soctions | 24 | GE9 |
o7 | @M1 ﬂmﬁe 25 | CE83
08 o) identical 26 ®
09 | 4 27 | 4
0| @ 28 | &
n| e 29 | B
12 O 30 @]
13 kil O]

14 | 81 32 | @)
15 2 33 2

16 | [ ¥ | @

17| B 35 | B

18 | 00 36 | B

188 Subrnutines
Since the routine for calculating ry contains a large section of program memory that is identical
1o a large section in the routine for calculating ry, you can simply create a subroutine that
will execute this section of instructions. The subroutine is then called up and executed in both
the solution for r, and the solution for ro:

o1 [o[amE]

02 8 -
03 -
04 [z ]}

05 2

06 €]

07 ®

08 [ [ ]

09 a6

10 8 =
11 = . =
12 oD

13 2

14 53]

15 ®

16 OEH

With the modified program, when you press 5, execution begins with the [ [0 §
instruction in step 01, When the 8§ instruction in step 02 is encountered, exccution
transfers to [ [0 8 in step 17 and computes the quantities —f and Vb® — dac, placing
them in the X- and Y-registers of the stack, ready for addition or subtraction. When the
instruction in step 29 is encountered, execution transfers back to the main routine and
continues with the (3] instruction in step 03, Thus the root r, is computed and displayed, and
the routine stops with the in step 08.

When you press @& 6, execution begins with [ [E0 6, transfers out to exccute the
£ [E0) 8 subroutine, and returns. This time VBT — dac is subrracted from —b, and root
rq is computed. By using a subroutine, seven steps of program memory are saved!



To key in the program and the sub
Set the calculator to PRGM maode,

Press HP-19C HP-29C
@ Cl oo ]
a 01 25 14 05 01 15 13 05
02 1308 02 1208
® 03 41 03 51 .
1 04 5501 04 24 01 alculates
P 05 02 o5 02 DN dae oo
) 06 51 06 61 2a
o7 61 o7 71
DEs o8 25 13 08 1512
B 6 09 25 14 06 09 15 13 06
& 8 10 13 08 10 12 08
= 1 31 11 a1
= | 12 55 01 12 2401 Calculates
2 13 2 13 02 “b = Vb —dac _
® 14 51 14 61 2 -
5 61 15 71
o 16 2313 16 15 12
BE s 17 25 14 08 17 15 13 08
2 18 5502 18 24 02
&3 19 22 19 32
2 20 5502 20 24 02
{3 ¥ 21 2533 21 1563
= 22 8500 2 240 Subroutine places —b in
3 23 5503 23 2403 Y-register and Vb* — dac
® 24 51 24 61 in X-register, ready for
4 25 04 25 04 addition or subtraction,
53] 26 51 26 61
a 27 3 2 41
[ J 53] 28 16 53 28 14 63
aEm 2 2512 20 1512

To ipiliulim the program, you key in a and press 1, key in b and press 2, and
key inc and press 3. Then, to find root r,, press @3 5. To find root ra, press

Run the program now to find the roots of the equation x* + x — 6 = 0; of 3x* + 2x — 1 = (.

To run the program:
Set the caleulator to RUN maode.,

Press Display

1Em 1 1.00

1 @\ 2 1.00

CERER 3 600

[Gsa 2.00 Calculates the first
root, ry.

B3 6 -3.00 Calculates the second
root, Ts.

3 1 3.00

2Em 2 2.00

1 3 -1.00

5 0.33 Calculates ry.

Gsa) -1.00 Calculates r,.

1f the quantity b* — dac is a negative number, the calculator will display £rror and the running
program will stop.

Subroutine Usage

Subroutines give you versatility in programming. A subroutine can contain a loop,
or it can be executed as part of a loop. Another common and space-saving trick is to use the
same routine both as a subroutine and as part of the main program.

Example: The program below simulates the throw- T
ing of a pair of dice, pausing to display first the

value of one die (an integer from | to 6) and then
pausing to display the value of the second dic
(another integer from | to 6). Finally the values of the
two dice are added together to give the total value

The “*heart”” of the program is a rand: ber g ( ily a pseudo rand b
generator) that is executed first as a subroutine and then as part of the main program. When
you key in a first number, called a *“seed)” and press 1, the digit for the first die
is generated and displayed vsing the " [] 2 routine as a subroutine, Then the digit for
the second die is generated using the same routine as part of the main program. The program
then uses the generated number as a new seed for successive ‘throws'* of the dice,




To key in the program:
Set the calculator to PRGM mode.

Press HP-19C HP-29C

mCLEARED 00 00

2 EDt 01 25 14 01 01 15 13 01

(s7o 4] 02 4500 02 2300

mEoo 03 25 14 00 03 15 13 00

0 04 00 04 00

[s7o ] 05 45 01 05 2301

D2 06 13 02 06 1202 [ 2 executed first as
D=2 07 25 14 02 07 15 13 02 a subroutine.
=m0 08 55 00 08 24 00

9 09 09 09 09

Gy 10 09 10 09

7 n 07 1 07

63] 12 51 12 61

BE 13 25 52 13 1562

510 [ 14 45 00 L 23 00

6 15 06 15 06

6] 16 s1 16 61

1 17 o1 17 o1 ' 2 then exccuted as
18 a1 18 51 u routine.

| § | 19 16 52 19 14 62

nEo 20 16 13 00 20 14 11 00

B ) 21 16 64 21 1474

570 JE 22 45 41 01 22 23 51 01

[~cL ] 23 55 01 23 2401

B 24 2513 24 1512 J

amo 25 1400 25 1300

1 T | 26 2513 26 15 12

Now set the calculator to RUN mode and *“roll"" the dice. To roll the dice, key in the initial
decimal “‘seed’’ (that is, 0 < n < 1), Then press @8 1. The caleulator will display first
the number rolled by the first die, then the number rolled by the second, and finally, when
the program stops, you can see the total number rolled by the dice. To make another roll,
press . The program uses the last number as a new seed for the roll.

You can play a game with your friends using the "dice.”” If your first *'roll”" is Tor 11, you
win. If it is another number, that number becomes your “'point."” You then keep “‘rolling™
(pressing [A75) ) until the dice again total your point (you win) or you roll & 7or 11 (you lose).
To run the program:

Press Display

2315478 0.2315478 The seed.

[csa i 10. Your point is 10,
[®i5) 8. You missed your point.
(”iE) 5 Missed it again,

7. Woops! You lose,

Now try it agamn using the last number as the new seed.

Press Display
8. Your point is 8,
[Ri5) 8. Congratlations! You

win.
Before you continue, reset the display to two decimal places.

Press Display
nEo 2 8.00

Subroutine Limits

A subroutine can call up another subroutine, and that subroutine can call up yet another.
Subroutine branching is limited only by the number of returns that can be held pending by the
calculator. Three subroutine retums can be held pending at any one time in the HP-19C/
HP-29C. The diagram below should make this more clear.

Three retumns can be pending.

Main Program

aro | am1 B2 J WEDS
\ }
' / s

{50 $ |
1 [Csa )

I

} v f 1
' [) ™ [

The calculator can retum back to the main program from subroutines that are three deep, as
shown, However, if you attempt to call up subroutines that are four deep, the calculator will
execute only three retums:



Only three returns can be pending...

Matin Program
BEDo BED1 DE 2 N EEDs 0= 4
{ { / ;
l / 4 :
P / K
@ | !
T k \
@2 | \ \
B \ |
0
t .80 tion will stop here.

Naturally, the calculator can execute the instruction as a stop any number of times. Also,
if you press @D 0 through BB from the kevboard, all pending instructions are
forgotten by the calculator,

If you are executing @ program one step at a time with the B key and encounter a @D
instruction, the calculator will the entire sul ine before inuing to the next step,
However, only one [T instruction may be executed as the result of a @& instruction during
single-step ion, so if a progi a subroutine within & subrouting, execution
will not return to the main program during B execution.

Problems

1. Lookclosely at the program for finding roots r, and r; of 2 quadratic equation (page 149),
Can you see other instructions that could be replaced by a subroutine? (Hint: look at
steps 04 through 08 and steps 12 through 16.) Modify the program by using another
subroutine and run it to find the roots of x¥ + x = 6 = 0;0f 3a? + 2x — 1 = 0.

(Answers: 2, -3; (.33, -1)

Did you save any more steps of program memory?

2. The surface area of a sphere can be calculated ding to the equation A = 4mr?,

where r is the radius. The formula for finding the volume of a sphere 18V = i . This

may also be expressed as V' -'—):-f'-

Create and load a program to calculate the area 4 of a sphere given its radius r. Define the
program with £ £50) 0 and and include an initialization routine to store the value
of the radius. Then create and load a second program to calculate the volume V of a

. : A Define this second program with £ (] 2and

sphere, using the equation ¥ =

» and include the instruction @D 1 to use a portion of program | as a subroutine
calculating arca,

Run the two programs to find the area and volume of the planet earth, a sphere with a
radius of about 3963 miles. Of the carth’s moon, a sphere with a radius of about 1080
miles.
Answers: Earth area = 197359487.5 square miles
Earth volume = 2.6071188 x 10" cubic miles
Moon area = 14657414.69 square miles
Moon volume = 5276669290 cubic miles

Create, load, and run a program that will display all permutations of any three integers
that you have stored in registers Ry, Ry, and Ry, For example, all permutations of the
integers 1, 2, and 3 might be displayed as:

123
132
213
231
K] V.
321

The following subroutine will cause the digits you recall from R,, R;. and R; to be
displayed as a permutation in the order you have recalled them. Use the subroutine and
the flowchart on the following page to help you create and load the program,

BED s
1
0
0
69
) This subroutine pauses to
Jisplay N lled into
1 the Z-, Y-, and X-registers of
0 the stack as nnn.
&
3]
GE)

The program should recall the contents of storage registers R,, Ra, and R; into the
Z-, Y-, and X-registers of the stack and then use the “*display nnn’’ subroutine to show
them in the order that they are recalled.



Recall
R R; R,

Display nnn.

Recall
A: R, Ry

Display nnn.

Recall
R, R, R,

Display nnn.

Recall
R, R, R;.

Display nnn,

i

A, R; A,

Display nnn.

‘g |

Section 11
Controlling the R -Register

The Ry-register is one of the most powerful programming tools available to you on your
HP-19C/HP-29C. In a preceding section, Storing and Recalling Numbers, you learned about
the use of the R,-register as a simple storage register, just like registers R, through Ry and R,
through R.;. And of course, you can always use the R-register this way, as another storage
register, whether you are using it as an instruction in 2 program or operating manually from
the keyboard,

Using the Ry-register in conjunction with other instructions, you can specify the storage
register addresses of (8 and [EN, and the label addresses of @) and B, By storing
a negative number in the Ry-register, you can even transfer execution to any step number of
program memory. The [ and £25) instructions permit you to increment (add 1 to) or
decrement (subtract 1 from) the current value in Ry, These are features that you will find
extremely useful in controlling loops.

Storing a Number in R,

To store a number in the R-register, you simply use the B8 @ operation. For example,
to store the number 7 in the R-register:

Presy Display

TEmo 7.00

Recalling a Number from R,

To recall a number from the Ry-register into the displayed X-register, simply use CEBO:
Press Display

[c <] 0.00

=0 7.00 The number stored in

R, is recalled.

Incrementing and Decrementing the R, -Register

You have seen how a number can be stored in the R-register and then changed by storing
another number there.

Another way of altering the contents of the Ry-register, and one that is most useful during a
program, is by means of the £3[=7] (increment Ry, skip if zero) and EICD) (decrement
R skip if zero) instructions. These instructions either add the number 1 to (increment) of
subtract the number | from (decrement) the Reeregister cach time they are executed, In &

ing program, if the number in the Ry-register has | ze10, proge ion skips
the next step after the or E53) instruction and continues execution (just like a false
conditional instruction).
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The () and LI instructions always i or d first; then the wst for
zero is made. For test purposes, numbers between but not including —1 and +1 are the same as
zero,

E le: Here is a program that ill how ©1[) works. It contains a loop that pauses
to display the current value in the Ry-register, then uses the ©7[C] instruction to increment
that value. The program will inue to run, continually adding one to and displaying the

contents of the Re-register, until you press [®/S] (or any key) from the keyboard.
To key in the program:
Set the calculator to PRGM mode.

Press HP-19C HP-29C

B CLEAR 00 00

9 JEe | 01 25 14 01 01 15 13 01

{ncL ] 02 55 00 02 24 00 Recalls Re-regi

nE=) 03 16 64 03 1474 Pauses to display contents,

oE) 04 25 55 04 15 24 Adds 1 10 Ry-register,

am 05 14 01 03 13 01 If contents of R-register are
not zero, execution transfers
back to £ (0 1.

1 06 or 08 01 If contents of R-register are
zero, 1 s placed in Ry-register,

{570 )1 07 45 00 07 23 00

(ool 08 14 01 08 13 01

{9 { (D) 09 2513 09 15 12

Now run the program beginning with a value of 0 in the Ry-register, Stop the program after
five iterations or so by pressing [R/S) .

Set the caleulator to RUN mode,

Press Display
0Em o 0.00 Zero stored in
Ry-register.
cso 0.00
1.00
2.00
3.00
4.00
&3 5.00
Although the (77 and (7] i i i tand d the Ry-register by 1, the

value of the Ro-register nced not be a whole number,

For example:

Press Display
5.28 @8 -5.28
570 K1) -5.28
D -5.28
-4.28
-3.28
~2.28
-1.28
A7) 1,00

In practice, you will find that you will usually use [ and [ with numbers that are
i since these i ions are most useful as counters—that is, to control the number
of iterations of a loop——and 10 select storage registers, or subroutines. (Mare about using the
R-register as a selecti gister later.)

The [ (decrement Ry, skip if zero) instruction operates in the same manner as the increment
instruction, except that it subtracts, rather than adds, one each time it is used. When a running
Progrum executes a [ instruction, for example, it subtracts | from the contents of
the Ry-register, then tests to see if the Ry-register is . (A number between +1 and — 1 tests as
zero.) If the number in the R,-register is greater than zero, execution continues with the next
step of program memory. If the number in the Re-register is zero, the calculator skips one
step of program memory before resuming execution.

Example: The island of Manhattan was sold in the
year 1624 for $24.00. The program on the next page
shows how the amount would have grown each year
if the original amount had been placed in a bank
account drawing 5% interest compounded annually.
The number of years for which you want to see the
amount is stored in the Ry-register, then the []
instruction is used to keep track of the number of
iterations through the loop.




To key in the program:
Set the calculator to PRGM mode,

Press HP-19C HP-29C
BCLEA] 00 00
wo 01 25 14 00 01 15 13 00
Bo o 02 45 00 02 23
1 03 ot 03 o1
6 06 04 06
2 02 05 02
4 06 04 06 04 Initialization routine.
I 07 45 01 07 2301
2 08 02 08 02
4 ] 04 09 04
<10 I3 10 45 02 1 2302
o iz 11 2513 11 15 12
12 25 14 01 12 15 13 01
13 5502 13 24 02
14 05 14 05
15 25 1 15 15 21 Counting loop, controlled by
16 45 41 02 16 23 51 02 Ry-register and (.
7 o1 "7 o1
18 45 41 01 18 23 51 01
19 2545 19 1523
20 1401 20 1301
1 21 55 01 21 24 01 —«When value in Ry becomes
aE o 22 16 13 00 22 14 11 00 zero, execution skips to here,
nGE=] 23 16 64 22 1474 and year and amount are
N 2 24 5502 24 24 02 displayed.
B2 25 16 13 02 25 14 11 02
nE=) 26 16 64 2 1474
BE 27 2513 27 1512

To run the program, key in the number of years for which you want to see the amount.
Press @ 0 to store the number of years in the Reregister and otherwise initialize the
program. Then press 1 10 run the program.

For example, to run the program to find the amount of the account after 5 years: after 15 years:
Set the calculator to RUN mode.

Press Display

5ERo Program initialized,
&m

After five years, in

1629, the account

would have been worth
63.

15 EED o Program initialized.

After 15 years, in
1639, the account
would have been worth
§49.89.

How it works: When you key in the number of years and initialize the program by pressing
BB 0, the number of years is stored in the Ry-register by the G O instructions. The
year (1624) is stored in storage register Ry, and the amount ($24.00) is stored in storage
register R;.

When you then press @3 1, calculation begins. Each time through the loop, $% of the
amount is computed and added to the amount in Rg, and one (1) year is added to the year
inR. The instruction subtracts one from the Rg-register; if the value in R, is not then
zero, execution is transferred back to ©1[Z) 1 and the loop is executed again.

The loop continucs to be executed until the value in the R-register becomes zero. Then
execution skips to the [EY 1 instruction in program memory step 21. Execution continves
sequentially downward from step 21, recalling the current year from R, and formatting and
displaying it, then recalling the current amount from R, and formatting and displaying that
following the year,

To see what the amount in the account would be in 1977, you can key in the number of
years from 1624 to 1977 (the number is 353) and initialize and run the program. (This will
take 4-5 minutes to run, plenty of time to go get a cup of coffee.)

Problems

1 When you press 1 the program below stores in register Ry a number that you
have keyed in, then decrements the value in Ry using storage register arithmetic. Each
time through the loop, the program pauses to show the current value in Ry, When the
value in R, reaches zero, the program stops. Write, load, and run a program that uses
the R-register and £33 instead of Rq and £ [ to give the same results,

s [am gl
(570K
acE]2
B =)
1

5o ISIC]
oD o
(o |
@m 2
||




Contredling the R-Registar 181

Write and load a program using 1o illustrate how an initial deposit of $1000 would
grow year-by-year at a yearly compound interest rate of 5.5%. The program should
display the current year (and subseq years), followed by the value of the account for
each year, The program should contain an infinite loop that you can stop by pressing
[’75] from the keyboard whenever you wish. Run the program to display the years and
amounts for at least § years,

Write, load, and run a program that will count from zero up to a limit using the
instruction, and then count back down to zero using the (2] instruction. The
program can contain two loops, and it can contain a conditional instruction besides the
[E7] and instructions, Use the flowchart on page 162 to help you.

162163 Conwvolkng the R, Regstar




Saction 12
Using the R ,-Register for Indirect Control

You have scen how the valve in the Ry-register can be altered using the G, [ and
[ operations. But the value contained in the Ry-register can also be used to controf other

perations. The (7] (indirect) function combined with certain other functions allows you to
control those functions using the current number in the R,-register, (7] uses the number stored
in the R-register as an address.

The indirect operations that can be controlled by the R -register are:

B8 (], when the number in the Ry-register 150 through 29, stores the value that 1s in the
display in the primary or indi ge regi dd! d by the integer portion of the
absolute value of the current number in the R, -register

&8 (], when the number in the R-register is 0 through 29, recalls the contents of the
primary or indi age register add d by the current number in the R register,
B8 0. emE. ® 0O, and B0, when the number in the Ry-register is
0 through 29, perform storage register arithmetic upon the contents of the primary or indirect
storage register addressed by the current number in the Ry-register.

@8 (. when the number in the Ry -register is 0 or a positive 1 through 9, transfers execution
of a running program sequennully downward through program memory to the next label
specified by the current number in the Ry-register.

@3 [, when the number in the Ri-register is a negative number between -1 and -9,
transfers execution of a running program back in program memory the number of steps
specified by the current negative number in the R-register.

B [, when the number in the Ry-register is 0 through 9, transfers execution of & running
program to the subroutine specified by the current number in the Ry-register. Like a normal
subroutine, when a [ is then encountered, execution transfers and continues with the
step following the 8D OJ.

Gsa) l:l when the number m the Rjregister is a negative number between -1 and =99,
! execution of a g program back in program memory the number of steps
specified by the current negative number in the Ry-register, Execution from that point is like a
normal subroutine, so if a [T instruction is then encountered, execution is transferred once
again, this time to the next instruction after the @88 (],

Note that you cun use the [] key with the above functions with or without using the £)
prefix key. That is, pressing B8 [ is the same as pressing B8 0 [J-

If the number in the R;-register is outside the specified limits when the calculator attempts
Lo execute one of these operations, the display will show Error, When using [, the calculator
uses for an address only the integer portion of the number currently stored in the R register.
Thus, 25.99998785 stored in the R-register retains its full value there, but when vsed as
address [T], it is read as 25 by the calculator
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[ 7. ] Recall the number in
the primary storage
register with the in-
direct address of 12.

cux]

[rcL O Directly recall the
number in R.;.

By changing the number in the Ry-register, you change the address specified by @@ [J or
C=8 (. For example:

Press Display

24 @m0 Store the indirect ad-
dress of the desired
register.

0O Recall the number in
indirect register Rygy,.

5 0

[~c i) Recall the number in

primary register Ry,

Storage register arithmetic is performed upon the contents of the register addressed by R,
by using 6 @0, 8@ G0, B8 ®(J, and GEA B 0. Again, you can access any

storage register, primary or indirect using the Rq c‘ for addressing. For W
Press Display
1 =0 One added to number
in storage register (Rs)
currently addressed by
the {-register.
N0
28R 0O
= ()
N 5

Naturally, the most effective use of the R,-register as an address for B8 and G s in a
program

Example: The following program uses a loop to place the number representing its address in

storage regi R, through Ry, R., through R.;, and R4, through R,,4,. During each iteration
through the loop, program execution pauses to show the current value of R,. When R, reaches
Zer10, ton is finally transferred out of the loop by the 7 [ instruction and the program
stops.

To key in the program:
Set the calculator to PRGM mode.

Press HP-19C HP-29C
@ CLEA} 0o 00
B 01 25 14 01 01 15 13 01
£ F=l 0z 16 23 02 14 33
2 03 02 03 02 Program initialized,
04 09 04 09
05 45 00 05 23 00
06 25 14 02 06 15 13 02 Current value in R, stored in
= o or 55 00 07 24 00 storage register addressed by
[Sro1m| 08 4512 08 2322 0.
nE= 09 1664 09 14 74 Pause to display current value
of Rs.
) 10 2545 10 15 23 Subtract one from value in
Ry-register.
am 2 11 1402 11 13 02 If R,#0, execute loop again,
LU ] 12 25 13 12 15 12

When the program 1s run, it begins by cleanng the storage registers and placing 29 in the
Ri-register. Then execution begins, recalling the current value in the Ro-register and storing
that number in the corresponding address—for example, when the R,-register contains the
number 17, that number is recalled and stored in the indirect storage register(R,,;,)that 1s
addressed by the number 17. Each time through the loop, the number in the Ro-register is
decremented, and the result is used both as data and as an address by the [J instruction,
When the number in the Ry-register reaches zero, execution transfers out of the loop and the
program stops.

To run the program:
Set the calculator 1o RUN mode.

Press Display

1 29,00
28.00
etc.
1.00

Notice that the contents of the R-register have been decremented to zero.

Press Display
=0 0.00

Indirect Control of Branches and Subroutines

Like addressing of storage registers using [ and [[], you can address routines,
subroutines, even enlire programs, with the Ry-register.

To address a routine using the R-register, use the instruction [J. When a running
program encounters a (D instruction, exccution is transferred sequentially downward to
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the (0 through 9) that is addressed by the number in the Ry-register. Thus, with the
number 7 stored in R;;, when the instruction @) (] is encountered, execution is transferred
downward in program memory o the next [2] 7 instruction before resuming,

7
' 570 N
P 1o ]
|
|
|
|
LI =37

Naturally, you can also press @8 [ from the keyboard to begin execution from the specified
=9.

Subroutines can also be addressed and utilized with the Ro-register. When [Jis executed
ina ing program (or p d from the keyboard), execution transfers to the specified
and executes the subroutine. When a is then encountered, execution transfers back
to the next instruction after the @8 (J and resumes. For example, with the number 7 stored
in the Ry-register, B8 [0 causcs execution of the subroutine defined by 7and ).

| P EL=E
Y 7

570 i}

&0
‘ < | om
|
v

The simple-to ber addressing using the Ry-register is the same for @B [Jand G0 (.

Remember that the numbers in the Re-register must be positive or zero (negative numbers
cause rapid reverse branching, which we will discuss later), and that the calculator looks at
only the integer portion of the number in R, when using it for an address.

Example: One method of generating pseudo random numbers in 4 program is (o take a
number (called i **seed’), square it, and then remove the center of the resulting square and
square that, etc. Thus, & seed of 5182 when squared yields 26853124, A random number
generator could then extract the four center digits, 8531, and square that value. Continuing
for several iterations through a loop would generate several random numbers,
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The following program uses the @ (] instruction to permit you to key in a four-digit
seed in any of three forms: nnan, .nnnn, ot in.nx. The seed is squared and the square truncated
by the main past of the program, and the resulting four-digit random number is displayed in
the form of the original seed: mnnn, ,nnnn, or nn.nn.

A flowchart for the program might look like this:




The use of the B8 (] instruction lets you select the operations that are performed upon the
number after the main portion of the program.

By storing 1, 2, or 3 in the Ry-register depending upon the format of the seed, the program
selects the form of the result after it is generated by the main portion of the program. Although
the progeam shown here stops afm clch result, it would be a simple matter 1o create a loop

of the result each time.

Changes nnnn 1o nn.nn,

Places 1 in X-register for
storage in Ry,

Changes .nann (o nn.nn.

Places 2 in X-register for
storage in R;.

Places 3 in X-register for
storage in Ry.

Stores address of later
operation in R,

Brings nn.nn to X-register,
Squares nn.nn,

Truncates two final digits of

Truncates two leading digits
of square.

that would iterate several times, g the app

To key in the complete program:

Set the calculator to PRGM mode.

Press HP-19C HP-29C

(]  [==3) 00 00

g 01251404 011513 04
02 23 02 33
2 03 02 03 02
= 04 61 04 71
1 05 o1 05 o1
&3 7 06 1407 06 13 07
BE) s 07 25 14 05 07 15 13 05
{eex] 08 23 08 33
2 09 02 09 02
& 10 51 10 61
2 1 2 n 02
& 7 12 1407 12 13 07
B 1325 14 06 13 15 13 06
3 14 a3 14 03
BgE 7 1525 14 07 15 15 13 07
570 i) 16 4500 16 23 00
[x:>] 17 "1z 21
n® 18 2553 18 1563
eex ] 19 22 19 33
2 20 02 20 02
[E3] 21 51 21 61 square.
nE 22 16 52 22 14 82
En 23 23 23 az
4 24 04 24 04
25 61 25 71
aEs 26 2552 26 1562
@m0 27 1412 227 1322

Transfers execution to
appropriate operational
routine,

BE]1 28 25 14 01 28 15 13 01
29 23 2 33
4 30 04 30 04 Result appears as nunn,
® 31 51 31 61
BE@o 32 16 13 00 32 14 11 00
33 2518 33 1512
34 25 14 02 34 15 13 02
35 16 13 04 35 14 11 04 Result appears as .nnan.
3 2513 3% 15 12
37 25 14 03 37 15 13 03
38 23 38 33
39 02 39 02 Result appears as nn.nn.
40 51 a0 81
BnE 2 41 16 13 02 41 14 11 02
DEs 42 2513 2 1572

We could also have stored the digits for 100 (that is, B33 2) and recalled them for use in steps
02-03, 08-09, 19-20, and 38-39, but we have used this more straightforward program to
illustrate the use of the @ (] instruction.

When you key in a four-digit seed number in one of the three formats shown, an address
(1, 2, or 3) is placed in the Ry-register. This address is used by the @ [ instruction in
step 27 10 transfer program execution to the proper routine so that the new random number is
seen in the same form as the original seed.

Now run the program for seeds of 5182, .5182 and 51.82. To run the program:
Set the calculator to RUN mode.

Press Display

5182 B 4 @san. Random number gen-

crated in the proper

form.
5182 @D 5 0.8531
51.82 6 8531
The prog; d ber of the same form as the seed you keyed in. To use

the nmdom number as a new sced (simulating the operation of an actual random number
gcncralof, in Wthh a loop would Ix used to decrease the apparent predictability of ecach
g B and the appropriate label key:

& » P
Press Display
&= 6 77.79
B 51.28
6 29,63
With a few slight modifications of the program, you could have used a €& [ instruction

instead of the [0 instruction.



Rapid Reverse Branching
Using B8 OJ and (], with a negative number stored in Ry, you can actually branch to
any step number of program memory.

As you know, when o @0 or BED instruction lS cxcculed the calculator does not execute
further instructions until it has hed d gram memory and located the
next label addressed by @& or EH). When B8 O or B (0 is executed in a running
program, with 0 or a positive 1 through 9 stored in the Ry-register, the running program
searches downward through program memory until it locates the next (7] addressed by the
number in Ry, Then execution resumes.

With a negative number stored in the R.-register, however, execution is actually transferred
backward in program memory when 8 (] or B8 [ is executed. The calculator does not
search for a label, but instead transfers execution backward the number of steps specified
by the negative number in the Re-register. (This is advantageous because the search is often
much faster than searching for a Jabel, and because you cun thus transfer execution even
though all labels in the calculator have been used for other purposes.)

For example, in the section of program memory shown below, <11 is stored in the Ry-register.
Then, when step 87, [ is executed, the running program jumps backward 11 steps
through program memory to step 76 (that is, step 87 — 11 = 76) and execution resumes again
with step 76 of program memory.

74 B[O

75 3

76 3

77 4

78 5

79
With =11 stored in R, & O
axecution transferred 81 GE)2
backwards 11 steps 82 W[
vy @8 O 83 |

84 |

85 &8

8 @m0

87 @EBO

88 [

When @ (7] has been performed in a nmmng pmgnm execulmn then continues until the
next ) or (_W_§) instruction is the g program stops. Thus,
if you pressed @ 2 with the instructions shown above loaded into the calculator, the
instructions in clcps 81 through 87 would be executed in order. Then the program would jump
backward and execute step 76 next, continuing with 77, 78, etc., until the (] instruction was
encountered in step 80. The running program would then stop.

With a negative number stored in the Ry-register, @3 (] also transfers execution backward
the number of steps specified by the number in R,. However, subsequent instructions are
then executed as a subroutine, so when the next (] instruction is encountered, execution

fers back to the i ion following the &8 (] instruction (just like a normal subroutine
would be executed.)

The section of program memory below shows how [EEB [J operates. If you press EED 2,
~11 will be stored in the R,-register, When & (] is then executed a running program jumps
back 11 steps from step 87 and resumes execation with step 76. When the [ (return)

instruction in step 80 is ion returns and i with step 88,
74 3
75 3
76 E@ 3
7 4
78 5
With ~11 stored 79
in R,. execution 80 (1
transferred 81 @[=)2
backwards 82 i[O Then the [
11 steps by 2 : instruction causes
a return, and
&0 85 [EB execution resumes
86 0 with step 88,
&7 EDQO
&8 ()
89 =
Rapid reverse branching using &8 (Jand B8 Caree ly useful i ions as part of

your programs. Rapid reverse branching permits you to transfer execution toany step number
of program memory. With a negative number stored in the R.-register, the resulting step
number can always be found by combining the negative number in R, with the step number
of the @@ (J or B (3 instruction.

E ion can even be ferred backward past step 00. To find the resulting step number of
program memory, find the sum of the negative number in the Ry-register and the step number
containing the G [J or & O instruction, then add 98. Thus, if the Ry-register contained
~11and a [] instruction were d in step 07, e ion would be transferred
to step 94 of program memory (7 — 11 + 98 = 94).

Example: The program on page 175 contains an infinite loop that generates and displays a
Fibonacci series (refer to page 142 for an explanation of a Fibonacci series.) Although you
normally would not set up a single routine that began in step 85 and continued through step
08, the routine illustrates how the @8 (] instruction coupled with a negative number in the
Rg-register can transfer progs ion back in program memory, even past step 00,




Now go to step 84 and continue loading instructions, beginming with the 7 [ )1 contained
85 =1 in step 85:
86 |
87 0 Press HP-19C HP-29C
88 10 JOJEEY 84 64 84 74 Sets calculator to step 84.
89 EM@ 0 BE 1 85 23 14 01 85 15 13 01
% 0 1 86 01 86 o1
91 @R ! 0 87 00 87 00
92 | a8 22 88 32
9 @2 e 89 45 00 g8 23 00
% mE=] 0 90 00 80 00
95 [ | \ [sro 91 4501 91 2301
% [ 2 1 92 01 92 o1
7 @ am 2 93 45 02 93 23 02
% NE=) nE=s 94 16 84 84 1474
(20 =70 B = 95 5501 85 24 01
XSO0 aaieneq 0z EE8 1 i b ol 2 9% 5502 9% 24 02
-10 steps. 03 EmN 2 = a7 41 87 51
04 [ (] 88 16 64 88 147
06 B(ET)
06 2 J Now switch to RUN mode and run the program. Press (or any key) to stop the program
07 @Ed(0) after you have seen how quickly the Fibonacci series increases, To run the program:
o6 B Set the calculator to RUN mode.
When the program is run, steps 86 through 89 store 10 in the Ry-register. Thereafter, Press Display
execution of the @@ (] instruction in step 07 causes the running program to jump back 10 & 1.00
steps and resume execution with step 95 (that is, 07 - 10 + 98 = 95), Thus, an infinite 7.00
loop is set up that generates and displays the Fibonacci series until you stop the program by %
pressing [A5S5) (or any key) from the keyboard. zz
To load the complete program, you must first load the instructions in steps 01 through 08, 5..00
ghcn £0 to step 84 and load the instructions into steps 85 through 98. To load the program 8.00
into the calculator;
13.00
21.00
Set the calculator to PRGM mode. 34.00
55.00
Press HP-19C HP-29C 89.00
144.00
(4] =3 oo 00 233.00
{sTo 01 4501 o1 2301 377.00
(= ] 0z 5501 02 2401 (GS} 610.00
= 2 03 55 02 03 24 02 f
® 04 41 04 51 Each element in the Fibonacci series is the sum of the previous two elements in the serics.
nE 05 16 64 05 14 74
B2 06 45 02 06 23 02 Rapid reverse branching can be specified with numbers from -1 through -99 in the R,-register.
&30 07 14 12 07 13 22 lfyou_ attempt to exccute @8 () or B () when the magnitude of the integer portion of the
0ER 08 25 13 08 15 12 negative number in R, is greater than 99, the calculator displays




Ising e H-Register lar Indirgct Conbal 177

Problems

1.

a. Create and load a program using () and @@ [ that permits you to key in a
series of values during successive stops, The values should be stored in storage registers
R, through Ry, R.y through R.;, and Ryyq, through Ris, in the order you key them in.
Use the following flowchart to help you.

=) 39
e

]
o
~

Store number in
storage regstar

g
g
cl

8
VE
3
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b. Now create and load a program immediately after the first one that will recall and
display the contents of cach storage register in reverse order (that is, display R, first,
then Rz, etc.). The program should stop running after it has displayed the contents of
R;.

Run the program you loaded for problem 1a, keying in a series of 29 different values,
Then run the you loaded for 1b. All 29 values should be shown, but the
last one you keyed in should be the first displayed, etc.,

Modify the Random Number Generator program on pages 169-172 to use &30
instead of @8 (] for control. Run the program with the same seed numbers to ensure
that it still runs correctly.

One curious fact about the Fibonacci series is that the quotients of successive terms
converge to a common value, This value was known to the ancient Greeks as the
*'golden ratio’” because it expressed the ideal ratio of width to length that gave the most
aesthetically appealing building or room.

Create, load, and run a program that will yicld
this ideal ratio. You should be able to calculate
and display each successive ratio (for example,
2/3, 35, 5/8, 8/13, etc.,) until the series con-
verges to the value of the golden ratio. Create
a loop by using the rapid reverse branching
power of the @@ (7] instruction with a
negative number in the Ry-register. Use the
flowchart on page 179 to help you.

When you run the program and are satisfied that the golden ratio has been calculated,
you can press (#75] from the keyboard to stop the infinite loop. (The value of the golden
Tatio should be 0.618033989.)
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Appendix A
Accessories, Service, and Maintenance

Your Hewlett-Packard Calculator

Your HP-19C/HP-29C is another example of the award-winning design, superior quality, and
to detail in engineering and construction that have marked Hewlett-Packard elec-

tronic instruments for more than 30 years. Each Hewlett-Packard calculator is precision crafted

by people who are dedicated 1o giving you the best possible product at any price.

After ion, every calculator is thoroughly inspected for electrical or mechanical flaws,

and each function is checked for proper operation.

When you purchase a Hewlett-Packard calculator, you deal with a company that stands behind

its prod Besides an i of hed professional quality, you have at your

disposal many extras, including a host of accessories to make your calculator more usable and

service that is available worldwide.

HP-19C Standard Accessories

Your HP-19C comes complete with the following standard acc

Accessory HP Number
Battery Pack (installed in calculator before packaging) 82052A
HP-19CHP-29C Owner's Handbook and Prog ing Guide 5955-2110
HP-19CIHP-29C Applications Book 5955-2111
AC Adapter/Recharger (90-127 Vac, 50-60 Hz) 82059A
Carrying Case H2064A

Your HP-19C also comes standard with two rolls of paper. You can purchase additional
standard accessories from your nearest dealer or by mail from Hewlet-Packard, See Optional
Accessories below for information on how to order.

HP-29C Standard Accessories
You HP-29C comes complete with the following standard accessories:

Accessory HP-Number
Battery Pack (installed in calculator before packaging) 820194
HP-19CHP-29C Owner's Hondbook and Prog ing Guide 5955-2110
HP-19CIHP-29C Application Book 5955-2111
AC Adapter/Recharger (90-127 Vac, 50-60 Hz) S2041A
Carrying Case 82027A

180
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You can purchase additional standard accessories from your nearest dealer or by mail from
Hewlett-Packard. Sce Optional Accessories below for information on how to onder.

HP-19C Optional Accessories

Paper Rolls 82051A

Each pack gives you six rolls of special Hewlen-
Packard thermal paper for your HP-19C printer.

HP-29C Optional Accessories

Security Cradle 82029A

A durable locking cradle with a tough 6-foot long steel
cable that prevents unauthorized borrowing or
pilferage of your calculator by locking it to a desk or
work surface. The cable is plastic-covered to eliminate
scarring of furniture, and you have full access to all
features of your HP-29C at all times.

Switchable AC Adapter/
Recharger 82026 A

Switchable AC Adapter/Recharger for use with the
HP-29C. Enables you to op your calcul and
recharger battery puacks using either 90-127 Vac,
50-60 Hz or 200-254 Vac, 50-60 Hz.

Reserve Power Pack 82028A

The reserve power pack attached to the calculator’s ac
adapter/recharger 1o keep an extra battery pack freshly
charged and ready for use. Comes complete with extra
battery pack,
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To order additional standard or optional accessories for your HP- 19C/HP-29C see your nearest
dealer or fill out an Accessory Order Form and retum it with check or money order to;

HEWLETT-PACKARD
Corvallis Division
P.O. Box 999
Corvallis, Oregon 97330
If you are outside the U.S., please contact the Hewlett-Packard Sales Office nearest you,

Availability of all accessories, standard or optional, is subject 10 ¢hange without notice,

AC Line Operation

Your calculator contains a rechargeable battery pack that is made up of nickel-cadmium
batterics. When you receive your calculator, the battery pack inside may be discharged, but
you can operate the calculator immediately by using the ac adapter/recharger. Even though you
are using the ac adapter/recharger, the baueries must remain in the calculator whenever the
calculator is used.

Note: Attempting to cperate the caiculator from the ac line with the battery pack
removed may result in wrong or improper displays.
The procedure for using the ac adapter/recharger is as follows:
1. You need not turn the calculator OFF,
2. Insert the female ac adaprer/recharger plug into the rear connector of the calculator.

3, Insert the power plug into a live ac power outlet.

CAUTION

The use of a charger other than the HP recharger supplied with the calculator may
‘ result in damage to your calculator.

Battery Charging
The rechurgeable batteries in the battery pack are being charged when you are operating the
calculator from the ac adapter/recharger. With the baueries in the calculator and the recharger

connected, the batteries will charge with the calculator off or on. Normal charging times
from fully discharged battery pack 10 full charge are (times depend on ac line voltage value):

Caleulator off: 612 hours
Calculator on: 17 hours

Shorter charging periods will reduce the operating time you can expect from a single battery
charge. Whether the calculator is off or on, the calculator battery pack is never in danger of
becoming overcharged

Note Itis normal for the ac adapter/recharger to be warm lo the fouch when it is
plugged mto an ac outlet



Battery Operation

To operate the calculstor from battery power alone, simply disconnect the female recharger
plug from the rear of the calculator, (Even when not connected to the calculator, the ac
adapter/recharger may be left plugged into the ac outlet.)

Using the calculator on battery power gives the caleulator full portability, allowing you ©
carry it nearly anywhere. A fully charged battery pack typically provides 3 hours of con-
tinuous operation. By turning the power OFF when the calculator is not in use, the charge on
the battery pack should casily last throughout a normal working day

The HP-19C printer is the most power-consuming part of the calculator, and you can

maximize battery operating time by leaving the calculator in MAN  man [Tl norse
printing mode when printing is nol necessary. TRAGE

Using Continuous Memory

When you turn off your calculator, the following information is retained:
u All programs that are loaded mnto the calculator.
= Contents of the 16 primary storage registers.
= Display status (FIX, SCI, or ENG, and number of displayed digits).
= Contents of the displayed X-register.

Regardless of where you stopped in & program, the calculator retums to step 00 (top of
program memory) when you turn it on again,

Numbers in the T-, Z-, and Y-registers of the stack, LAST X, and tngonometnc mode
status (DEG, RAD, or GRAD) are not saved when you turn the calculator off; however
You ¢in use the primary storage registers to retain data in the calculator,

Conti Memory requires that the batteries be kept in the calcularor. If the low power
indicator appears in the display, turn your calculator off immediately, and conneet it o an ac
outlet or insert a new battery puck. If you allow the battery 1o discharge completely, the
information in Continuous Memory will be lost,

If you drop or traumatize your calculator, or if power to the Continuous Memory is interrupted
whether the calculator is off o on, the contents of program memory and the data storage
registers may be lost. If this occurs, when the calculator is then turned on, the display will
show Error. T restore the display, ensure that the battery is charged. or connect the ac
adapter/recharger, and press any key.

Battery Pack Replacement

1f it becomes necessary (o replace the battery pack, use only another Hewlett-Packard battery
pack like the one shipped with your calculator, Continuous Memory requires that batteries be
replaced as quickly as possible. Normally you have a minimum of 5 seconds o change the

batteries. Leaving batteries out of the calculator for extended periods will result in loss of
information in Continuous Memory.

CAUTION
Use of any batteries other than the Hewlett-Packard battery pack may result in
damage to your calculator,

HP-19C Battery Pack Replacement

To replace the battery pack, use the following procedure:

1. Turn the HP-19C power switch to OFF, and dis-
connect the recharger from the calculator

2. Place your thumb in the semicircular siot on the
battery compartment door, and press down, The
door will spring open

3. Remove the battery pack
4. Drop n a new pack,

wn

Slant the leading edge of the door into the lower
edge of the doorway, Place your thumbs on the
two pads on the upper edge of the door. and press
firmly. The fatch will snap into place.
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HP-29C Battery Pack Replacement
To replace the battery pack, use the following procedure:

1. Set the calculator ON-OFF switch to OFF and dis-
connect the battery charger/ac adapter from the
calculator.

2. Press down on the thumbset at the rear of the calcu-
lator and slide the battery pack in the direction of the
armow.

3. When the key on the battery pack becomes visible
pull that end of the pack up and permit the battery
pack to fall into the palm of your hand,

4. Insert the new battery pack in the direction of the
arrow. Slant the leading edge of the pack into the
edge of the doorway.

5. Snap the battery pack into place by pressing it
gently.

If you use your HP-29C extensively in field work or during travel, you may want to order
the optional Reserve Power Pack, consisting of a battery charging attachment and a spare
battery pack. The Reserve Power Pack enables you to charge one battery pack while using
the other in the calculator.

Battery Care

When not being used, the batteries in your calculator have a self-di ge rate of approxi-
mately 1% of available charge per day. After 30 days, a battery pack could have only 50
to 75% of its charge remaining, and the calculator might not even tum on. If a calculator
fails to turn on, you should substitute a charged battery pack, if available, for the one in the
caleulator. The discharged battery pack should be charged for at least 12 hours.

If a battery pack will not hold a churge and seems to discharge very quickly in use, it may be
defective. The battery puck is warranted for one year, and if the warranty is in effect, retum the
defective pack to Hewlett-Packard according to the shipping instructions. (If you are in doubt
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about the cause of the problem, return the complete calculator along with its battery pack and
ac adapter/recharger.) If the battery puck is out of warranty, se¢e your nearest dealer or use
the Accessory Order Form provided with your calculator to order a replacement.

WARNING
Do not attempt to incinerate or multilate the battery pack-the pack may burst or
refease toxic materials,

Do not connect together or otherwise short circult the battery terminals—the pack
| may melt or cause serious burms.

To maximize the life you get from battery pack, keep HP-19C printing to a minimum and
display only the fewest number of digits necessary during portable operation.

Your HP-19C Printer

The printing device in your HP-19C is a thermal printer that uses a moving print head to print
upon & special heat-sensitive paper. When the print head is energized, it heats the paper
beneath it. The heat causes a chemical change in the paper, which then changes color. The
printer in your HP-19C prints answers quickly and quictly, and has been expressly designed to
give you a permanent record of your computations in a portable scientific calculator,

Paper for Your HP-19C

Because the printer in your HP-19C is a thermal printer, it requires special heat-sensitive
paper. You should use only the Hewlett-Packard thermal paper available in 22-foot rolls from
your nearest HP distributor or sales office, or by mail from:

HEWLETT-PACKARD
Corvallis Division

P.O. Box 999

Corvaliis, Oregon 97330

Because of the special heat-sensitive requirements of the paper, standard adding machine
paper will nor work in the HP-19C. Also, since different types of thermal paper vary in
their sensitivities, the use of thermal paper other than that available from Hewlett-Packard
may result in poor print guality or even in damage to your calculator

CAUTION
Use only Hewlett-Packard paper in your HP-19C.

The heat-sensitive paper used in your HP-19C should be stored in a cool, dark place.
Discoloration of paper may occur if it is exposed to direct senlight for long periods of time, if
storage temperatures rise above S0°C (122°F), or if the paper is exposed to excessive h lity
or to acetone, ammonia, or other organic compounds. (Exposure to gasoline or oil fumes will
not harm your HP-19C paper supply.)




Printed tapes from your HP-19C will last 30 days or more without fading under fluorescent
light, but to ensure the permanence of your records, you should store printed tapes at room
temperature in a dark place away from direct sunlight, heat, or fumes from organic com-
pounds. (For added permanence, you can copy tapes with a suitable office copier.)

¢

Replacing the Paper

To replace the paper roll in your HP-19C, proceed s follows;

Push the switch next to the paper well to the nght.
The paper cover will spring open,

(&)

. Remove the empty core from the paper well,

w

. Before inserting the new roll of paper, discard the
first 23 turn to ensure that no glue, tape, or other
foreign matter is on the paper, Make sure that the
leading edge of the paper s straight, not crooked
of jagged. Do not fold the paper as the double
thickness of the edge may obstruct the paper
feed.

4. Temporarily place the paper roll in the paper mll
cover. With your finger, push the leading edge of
paper into the slot near the hottom of the paper well
Continue pushing until the puper passes the top edge
of the plastic tear bar

5. Tum the calculator on, and press B3 (T77) 1o assure
that the paper is advancing properly

6. Drop the roll of puper into the paper well and close
the cover.

If the paper is feeding properly through the printer mechanism but no printing appears on the
tape, the paper roll is probubly inserted backwards. The paper is chemically treated and will
print on only one side,

Printer Maintenance

The printer in your HP-19C, like the rest of the calculator, i crafted for engineening excellence
and is designed 10 give trouble-free operation with & minimum of maintenance. All moving
parts in the printer mechanism contain self-

fubnicating compound, and no lubrication, clean-
ing, or servicing of the mechanism is ever required. You may want to occasionally remove
the clear plastic tear bar and clean it with mild soap and water solution. {Do not use ucetone
or alcohol to clean the tear bar.)

You should never attempt to insert a tool, such as a screwdriver, pencil, or other hard object,
P ¥ )

into the printer or its mechanism. If the paper tape should become jummed and fail 10 feed

propetly, clear it by grasping the tape und pulling it forward through the printer mechanism.,

(You can remove the plastic tear bar for accessibility.)

oastrong
culator from

Note: Printer operabion may be affected if the printer isin close proxim
magnetic field. Normal operation can be restored by removing the cal
lhe vicnity of the magnetic field No permanent damage will result

Service

Low Power
When you are operating from battery power in RUN mode, the decimal point blinks on and
off to warn you that you have & limited operating time left. On the HP-15C, switching the
Print Mede switch to MAN (and cuntailing printing operations) may result in an extension of
operating time.,

Blinks on and off

In PRGM mode, a blinking decimal point will appear between the step number and the
keycode.

You must then either connect the ac adapter/recharger to the calculator as described und;r AC
Line Operation, or you must substitute a fully charged battery pack for the onc in the
calculator.
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Blank Display
If the display blanks out, turn the calculator off, then on. If a display of numbers does not
appear in the display in RUN mode, check the following:

1. Ifthe ac adapter/recharger is hed to the calculator, make sure it is plugged into an ac
outlet.

2. Examine the battery pack to see if the contacts are dirty.
3. Substitute a fully charged battery pack, if available, for the one that was in the calculator.

4. If the display is still blank, try operating the calculator using the ac adapter/recharger
(with the batteries in the calculator).

S. If, after step 4, the display is still blank, service is required. (Refer to Warranty.)

Temperature Range

Temperature ranges from the calculator are:

Operating 07 to 45°C 32°10 113°F

Charging 15° 1o 40°C 59° 10 104°F

Storage -40° 10 55°C -40° to 131°F
Warranty

Full One-Year Warranty

The HP-19C/HP-29C and its accessonies are warranted against defects in matenials and work-
manship for one (1) year from the date of delivery. Duning the warranty period, Hewleut-
Packard will repair or, at its option, replace at no charge componeats that prove to be
defective, provided the calculator or accessory is returned, shipping prepaid. to Hewlett-
Packard’s Customer Service Fucility. (Refer to Shipping Instructions).

This warranty does not apply if the calculator or accessory has been damaged by accident or
misuse, or s a result of service or medification by other than an authorized Hewlett-Packard

Customer Service Facility. No other expressed warranty is given by Hewlen-Packard.
HEWLETT-PACKARD SHALL NOT BE LIABLE FOR CONSEQUENTIAL
DAMAGES.

Some states do not allow the exclusion or limitation of incidental or consequential damages, so
the above limitation or exclusion may not apply 10 you.

This warranty gives you specific legal rights, and you may also have other nghts which vary
from state (o state.

Out-of-Warranty

After the one-year wamanty peniod, calculators will be repaired for a moderate charge. All
repair work performed beyond the warranty period is warranted for a 90-day period.

1801191 Apcpess Sarvice, and Maintenance

Warranty Transfer

If you sell your calculator or give it as a gift, the Y is ferable and in effect
for the new owner until the original one-year expiration date. It is not necessary for the owner

to notify Hewlett-Packard of the transfer.

Warranty Information Toll-Free Number
800-648-4711 In Nevada call collect 702-323-2704,

Obligation to Make Changes

Products are sold on the basis of specifications applicable at the time of sale. Hewlett-Packard
shall have no obligation to modify or update products once sold.

Repair Policy
Repair Time

Hewlett-Packard calculators are normally repaired and reshipped within five (5) working days
of receipt at any Customer Service Facility. This is an average time and could possibly vary
depending upon time of year and work load at the Customer Service Facility.

Shipping Instructions

The calculator should be returned, along with completed Service Card, in its shipping case (or
other protective package) 1o avoid in-transit damage. Such damage is not covered by warranty,
and Hewlett-Packard suggests that the insure ship to the Ci Service
Facility. A calculator retumed for repair should include the ac adapter/recharger and the
battery pack. Send these items to the address shown on the Service Card. Remember to
include a sales slip or other proof of purchase with your unit,

Whether the unit is under warranty or not, it is your responsibility to pay shipping charges for
delivery 1o the Hewlett-Packard Customer Service Facility. Send the unit to:

Hewlett-Packard
Customer Service Facility
1000 N.E. Circle Bivd.
Corvallis, OR 97330

After warranty repairs are completed, the Customer Service Facility retums the unit with
postage prepaid. On out-of-warranty repairs, the unit is returned C.0.D. (covering shipping
costs and the service charge).

Further Information

Service cts are not available. Caleulator circuitey and design are proprietary 10 Hewlett-
Packard, and Service Manuals are not available o customers.

Should ather problems or questions arise regarding repairs, please call your nearest Hewlett-
Packard Sales Office or Customer Service Facility,



Appendix B
Improper Operations

If you attempt a calculation ining an i ion-—say, division by zero—
the calculator display will show Error. The calculamr wnll display Error when the calculator is
first tumed on if power to Continuous Memory has been interrupted. In addition, if the HP-19C
Print Mode switch is set to NORM or TRACE, the word ! © 7 will be printed. The following
are improper operations:

2] where x = 0.
a where y = 0 and x = 0, where y < 0 and x is non-integer.
= where x < 0.
@™ where x = 0.
where x = 0.
= where x = 0.

] where [x|is =1,
where |x| is = 1.
B8 (5] where x = 0,

(8] where n = (.
8] where n = 1,

ERCE BEAC, ERE . BBE » BREE n, EBEG n. BB EE o
BB F ) n, where magnitude of number in storage register n would then be larger than
9.999999999 x 10%.

(] where ABS (INT R;) > 29.
(7] where ABS (INT R;) = 29.

8a®0. -E]EJ B8 ©[0. @A @0, where ABS (INT Ry) > 29, or where
in storage register addressed by R, would be Jarger than 9.999999999 x

10%,

@8 (), & O, where INT R, < -99 or INT R, = 0 or
0 = INT R; = 9 and there is no such label,
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Appendix C
Stack Lift and LAST X

Your calculator has been designed to operate in a natural, normal manner. As you have seen
as you worked through this handbook, you are seldom required to think about the operation
of the automatic memory stack—you merely work through calculations in the same way you
would with a pencil and paper, performing one operation at a time.

There may be occasions, however, particularly as you program the calculator, when you wish
1o know the effect of a particular operation upon the stack. The following explanation and
table should help you.

Digit Entry Termination

Most ions on the calculator, whether executed as instructions in a program or pressed
from lhc keyboard, terminate digit entry. This means that the calculator knows that any digits
you key in after any of these operations are part of a new number,

Stack Lift

There are three types of operations on the calculator, depending upon how they affect the stack
lift. These are stack disabling operations, stack enabling operations, and ! operati
Disabling Operations

There are only four stack disabli ions on the calculator. These operations disable the

stack lift, so that a number keyed m after one of these disabling operations writes aver the
current number in the displayed X-register and the stack does not lift. These special disabling
operations are:

GIED Em 2 O
Enabling Operations
The bulk of the operations on the keyboard, including one- and ¢ b b ical
functions like (=] and (3, are stack enabling operations. These operations enable the stack

lift, so that a number keyed in after one of lhe enabling operations lifts the stack.

Neutral Operations

Some operations, like G (HP-19C)and B 3 , are neutral; that is, they do not alter the
previous status of the stack lift. Thus, if you have previously disabled the stack lift by
pressing EIIEGD, then press and key in a new number, that number will write over the
number in the X-register and the stack will not lift. Similiarly, if you have previously enabled
the stack lift by executing, say, (], then execute a @I 3 instruction followed by a digit
entry sequence, the stack will lift,

The table below lists all legal operations on the HP-19C/HP-29C, Enabling operations are
designated by a code of *'E™" disabling operations by **D,"" and newtral operations by “N.*"
The table also indicates those operations that save the number from the X-register in the
LAST X register.

194
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196 Stack Lifv an

Keystrok D..En;fi“ns' Saves x
eystrokes sabling, or
Neutrsl | | MLASTX
E Yes
N
E
2 ) N
R @ N
D
E Yes
E Yes
N
N
E Yes
N
ENGG ENE3 | W[ 0 through 9 N
ENTH D
e E Yes
FRE E Yes
FIX@ FIXS N
SRAD N
GSBY 8583 0 through ¢
G708 LTS | @@ O through 9
HINS n E Yes
*H aE E Yes
am E
INT [+ ) E Yes
152 BE= N
LSTX T {o) E
eLild sLBL2 | E3EED O through 9 N
LN ¢« | E Yes
Loe n E Yes
a E Yes
P E Yes
4 E Yes
Pi E
¢ E Yes
PSE N
FRES N
PRTE N
N
PRET N
N
3R E Yes
[ E
RAD a N
RCLE RCLY | (X8 O through 9 E
E

RC.8 RC.3

& 0 through 5

Enabling,
Printed Keystrokes Dlsabling,gbr Saves x
Symbol Neutral | IMLASTX
RS (775) N
NTH BEm* N
3 nE E Yes
5cr8 5019 | WD O through 9 N
5 2+ ] D Yes
5- [+ o] D Yes
SIN {1 Jom] E Yes
SN+ 0GED E Yes
% [ J 3] E Yes
En N
STs@ ST:8 @1 = 0 through 9, (10 through 1§ E
S+-B §=.§
5T-R 87-9 B8 [ 0 through 9. 20 through 15 E
S~ 5.9
\T+8 5T+9 B0 (=] 0 through 9, 10 through ()5 E
5.8 S§+.5
STx# §7x8 (3] 0 through 9, [FJO through (25 E
i E
! E
570 ) E
TRN L ] E Yes
TAK 0] E Yes
x 3] E Yes
X=8 0] N
X#g? (9] N
X<az N
Xyg? u v N
X=y? 23 N
¥#ya nEd N
X2y [ || N
X217 g N
7 18] E Yes
w2 g E Yes
iy 5 ] E Yex
E
e [t (] E Yes
e | E L

*ED. @D . wnd the digits O through 9 are nommally used a5 part of o digit entry sequence. However, If you
press @ atter digic entry has been termenited by ancthes operation, the stack Tift will be enabled

**The end of a program scts exasctly like & (53] operition,



HP-19C/HP-29C Index

A

Absolute value, 66

AC line operation, 182

Accessories, 180-182

Accumulations, 82-90

Accumulations, printing (HP-19C), 85

Alteration, number, 66-67

Antilogarithms, 79

Arc sine, arc cosine, arc tangent, 71

Arithmetic, 24-25

Arithmetic average, see Mean

Arithmetic, chain, 51-55

Arithmetic, constant, 57-58

Arnthmetic, storage register, 63-65

Arithmetic, vector, 90-92

Automatic display switching, 38-39

Automatic memory stack, 44-58

Automatic memory stack, manipulating, 45-47
Exchanging x and y, 46-47
Reviewing the stack, 45-36

Average, arithmetic, see Mean

B

Back step, 120-121
Baltery care, 185-186
Battery charging, 182
Battery operation, 183
Battery pack replacement, 184-185
HP-19C, 184
HP-29C, 185
Beginning of a program, 99
Blank display, 14, 189
Blue prefix key, 20
Branches, indirect control of, 168-173
Branching, 128-138
Branching, conditional, 133-138
Branching, rapid reverse, 173-176
Branching to another program, 128-132
Branching, unconditional, 128-132

C

Calculator overflow and underflow, 41
Calculations, chain, 26-30, 51-55
Care of batteries, 185

Chain calculations, 26-30, $1.55
Charging the batteries, 20, 182

197

198  Index

Chart, prefix, 35

Cleanng a program, 98

Clearing storage registers, 63

Clearing the display (X-register), 21, 47
Cleanng the stack, 50

Conditional branches, 130-138
Conditionals, 133-138

Constant arithmetic, 57-58

Continuous memory, 16-17, 32-33, 44, 183
Control, display, 32-36

Control, pnnter, (HP-19C). 36-38

Conversi hours, mi seconds/decimal hours, 71-74

Conversions, polar/rectangular coordinate, 75-79
Correcting statistical data, §9-90

Cosine, 71

Cradle. security (HP-29C), 181

13

Decision-making. 133-138
Decrementing Ry, 156-161
Deleting and correcting statistical data, 89-90
Deleting instructions, 121-123
Deviation, standard, 87-89
Display, 20, 44
Display, blank, 189
Display, clearing, 21
Display, format, 33-36

Engineenng notation, 34

Fixed poimt, 33

Scientific notation, 34
Display control keys, 32-38
Display, error, 41-42
Display, low power, 42, 188
Display switching, automatic, 38-39
DO if TRUE rule, 134

Editing, program, 112-127

Editing with the printer, 123-124

End of a program, 99, 146

Engincering notation display, 34-36
key, 47-49

Error conditions, 192

Error display, 41-42

Error stops, 144

Exchanging x and y, 46-47

Executing instructions, 102-103

Execution, order of, 54-55

Exponential tunctions, 79-82

Exponents of ten, keying in, 39-40

Fixed point display, 33
Flowcharts, 104-107



Format of printed numbers (HP-19C), 36-38
Fractional portion of a number, 67
Function key index, 6
Functions, 22-26
One-number, 23-24, 49
Two-number, 24-26, 50-51

G

Irvdex

Gold prefix key, 20
Going to a step number, 118-119
Going to # program label, 101-102

H

Hours, minutes, seconds/decimal hours conversions, 71-74

Improper operations, 192
T e and d

ing the R,eregister, 156-162
Indicator, low power, 42, 188

Indirect control of branches and subroutines, 168-172
Indirect control using R,,, 164-179

Indirect store and recall, 165-168

Initializing a program, 114

Instructions. deleting, 121-123

Instructions, executing, 102-103

Integer portion of a number, 66-67

Interrupting & program, 140-145

K __

Key indix, function, 6

Key index, programming, 8

Keybouard, 6a, 20

Keyhoard stops. 144

Keycodes, 96-98

Keying in exponents of ten, 39-40

Keying in numbers, 21

Keys, display control, 32-36

Keys, prefix, 20

L

Label, searching for, 101-102
Labeling a program. 99
LAST X, §5-57
Recovering a number for calculation, 56-57
Recovering from mistakes, 56
LAST X, summary. 194-196
Limits, subroutine, 152-153
Line operation, 182
Load verification with prnter, 110
Loading a program, 100-101
Loganthms, 79-80
Looping, 128-132
Low power display, 42, 188
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M

Maintenance, printer (HP-19C), 188
Manipulating stack ¢

Manual problem solving, 14
Marker, program, going to, 101-102
Markers, program, 99

Mean, 88

Memory. continuous, 16-17, 32-33, 44, 183
Memory, program, 96

Mistakes, recovenng from, 56
Modes. irigonomerric, 70

Modified program, running, 121
Modifying a program, 117

N

Natural loganthms, 79

Negutive numbers, 21
Nonrecordable operations, 112-113
Number alteration keys, 66-67
Number, fractional portion of, 67
Number, integer portion of, 66-67
Number, recovering a, 56-37
Numbers, format of printed, (HP-19C), 36-38
Numbers, keying in, 21

Numbers, negative, 21

Numbers, raising 1o powers, 80-82
Numbers, recalling, 61-62
Numbers, storing, 61

One-number functions, 23-24, 49
Operating temperatures, 189
Operation, ac line, 182
Operation, battery, 183
Operations, improper, 192
Operations, nonrecordable, 112-113
Optional accessories, 181-182
HP-19C, 181
HP-29C, 181
Order of execution, 54-55
Out-of-warranty, 189
Overflow and underflow, 41
Overflow, storage register, 65

Paper replacement (HP-19C), 187-188

Paper rolls (HP-19C), 181, 186

Pausing to view output, 142-143

Percentages, 69-70

Pr, 69

Polar/rectangular coordinate conversions. 75-79
Power, low, 42, 188

Powerpack, reserve, (HP-29C), 181

Powers, raising numbers to, 80-82



Prefix chart, 35
Prefix keys, 20
Print mode switch (HP-19C), 22, 36-37
Printed numbers, fromat (HP-19C), 36-38
Printer (HP-15C), 186-188
Printer and display control, 32-42
Printer and the program (HP-19C), 107-111
Printer maintenance (HP-19C), 188
Printer operation dusing a running progrsm (HP-19C), 107-108
Printer, use for editing, (HP-19C), 123-124
Printer, use for program load venfication, (HP-19C), 110
Printer, using for creating programs, 108-109
Printing accumulations (HP-19C), 85
Printing a progeam (HP-19C), 111
Printing & space (HP-19C), 111
Printing the stack (HP-19C), 44-45
Prnting the storage registers (HP-19C), 62-63
m, 94

Program, beginning, 99

Program changes, verifying, 117-118, 123 (HP-15C)
Program, clearing, 98

Program, creating, 99-104

Program editing, 112-127

Program, ending, 99

Program initialization, 114

Program interruptions, 140-145

Program label, going to, 101-102
Program, labeling a, 99

Program labels, 96-99

Program loading, 100-101

Progrum load verification, printer, 110
Progrum memory, 96

Program memory, viewing, 95

Program printing (HP-19C), 111
Program running, 101

Prog single-step ion, 115-117
Program, single-step viewing without execution, 117-118
Prog using as a subroutine, 150-152
Programmed problem solving, 15-16

Pr.

Prozmmming key index, 8-10
Pythagorean theorem program, 113-114

R

Ry register, 156-162, 164-179
Raising numbers to powers, 80-82
Range, temperature operating, 189
Ripid reverse branching, 173-176
Recalling and storing numbers, 60-65
Recalling a number from R, 156
Recalling indirectly, 165-167
Reciprocals, 67-68

Recovering a number, 56-57
Recovering from mistakes, 56
Rectangular/polar coordinate conversions, 75-79
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Register map, 6a
Regsters, 44
Registers, storage, 60
Repair, 190
Replacing batteries, 184-185
HP-19C, 184
HP-29C, 185
Replacing the printer paper (HP-19C), 187-188
Reserve power pack (HP-29C), 181, 185
Resetting program memory, 115
Return, 15, 99, 136
Reviewing the stack, 45-46
Rolls. paper, (HP-19C), 181, 186
Run/stop, 140-142, 144
Running a modified program, 121
Running a program, 101

S

Scientific notation display, 34
Searching for a label, 101-102
Secunity cradle (HP-29C), 181
Service, 188-189
Shipping instructions, 190
Sine, 71
Single-step execution of a program, 115-117
Single-step viewing, program, 117-118
Space, printing a, (HP-19C), 111
Square roots, 68
Squaring, 68
Stack, automatic memory, 44-58
Stack, clearing, 50
Stack contents, manipulating, 45-47
Stack lift summary, 194-196
Stack, one-number functions and, 49
Stack, printing, (HP-19C)., 44
Stack, reviewing the, 45-46
Stack, two-number functions and, 50-51
Standard accessories, 180-181
HP-19C, 180
HP-29C, 180
Standard deviation, 87-89
Statistical functions, 82-90
Step 00, 103-104
Stepping backwards through a program, 120-121
Steps, program memory, 96
Stopping a program, 144
Storage registers, 60-65
Anthmetc, 63
Clearing, 63
Overflow, 65
Printing (HP-19C). 62
Recalling numbers, 61
Storing numbers, 61
Storing and recalling numbers, 60-65
Storing numbers, 61
Recalling numbers, 61-62



Storing a number in R,, 156

Storing indirectly, 165-168

Subroutines, indirect control of, 168-178
Subroutine limits, 152-153

Subroutine usage, 150152

Subroutine, using a program as, 150-152
Subroutines, 146-155

Switchable ac adapter/recharger (HP-29C), 181

"
Tangent, 71

Temperature range, 189

Transfer of warranty, 190
Transferring exccution. 128-139
Trigonometric functions, 70-71
Trigonometric modes, 70
Two-number functions, 24-26, 50-51

u-z

Unconditional branching and looping, 128-132
Underflow and overflow, calculator, 41
Vector arithmetic, 90-92

Verification with printer (HP-19C). 123-124
Viewing, single-step. 117-118

Wanmanty, 189-190

Warranty information toll-free number, 190

x and y, exchanging, 46-47

X-register, clearing, 47

ndox
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Useful Conversion Factors

The following factors are provided to 10 digits of accuracy where possible. Exact values are
rked with an isk. For more plete information on conversion factors, refer to
Metric Practice Guide E380-74 by the American Society for Testing and Matenals (ASTM),

Length
1 inch = 25.4 milimeters*
1 faot = 0.304 B meter*

1.609 344 kilometers*
1.852 kilometers*®
1.150 779 448 miles {statute)t

1 mile (statue)t
1 mile (nautical}t
1 mile (nautical)t

L

Ares

1 square inch = 6.451 6 square centimeters’

1 square foot = (1.092 903 04 square moter*

1 acre = 43 560 square fest

1 square milet = B40 acres

Volume

1 cubic inch = 16.387 064 cubic centimeters®
1 cubic foot = 0.028 316 847 cubic meter

1 ounce (fluid)t = 29.573 529 56 cubic centimeters
1 ounce (fluid)t = 0.029 573 530 liter

1 gallon (fiuia)t = 3.785 411 7B4 |ers*

Mass

1 ounce (mass) = 28.349 523 12 grams

1 peund (mass) = (.453 592 37 kilogram®

1 ton (short} = 0.907 184 74 metric ton*
Energy

1 Brlﬂs;\ thermail unit
1 kilocalorie (mean)

1 055,055 853 joules
4 190,02 Lt;ulos
e

nnn

1 watt-hour 3 600 joul

Force

1 ounce (force) « 0.278 013 85 newton

1 pound (force) = 4.448 221 615 newtons HEWLETT | PACKARD
Power

1 horsepower (electric) = 746 watts®

Pressure

1 atmosphere = 780 mm Hg at sea level 1000 N.E. Circie Bivd., Corvallie, OR 97330
1 almosphere = 14.7 pounds per square inch

t atmosphere = 101 325 pascals

Temperature

Fahrenheit = 1.8 Celsius + 32

Celsius = 5/9 (Fahrenheit — 32)

ketvin = Celsius -+ 273.15

ketvin = §/9 (Fahrenheit + 459.67)

keivin = 5/9 Rankine

For additional Salos and Service Information contact your local Hewlett-Packard
Sales Office o call 800/648-4711. (In Nevada call collect 702/323-2704.)

5955-2110 Printed InU.SA

1 U.S. values chosen. * Exact values.




