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The HP-67

Lunar Module model on page 122 courtesy of NASA,
AMES Research Center.

been loaded into pro-
gram meamory. Dupli-
caled by other
funclicns on calculator
for programming or
n;;ual use {page
131).

Prafix Kays

| Pressed before

funiclion key, selects
gold funclion printed
below key (page 28).

After pressing, naxt
numbers keyed in ane
sxponants of 10

{page 48).
(2] through (8] Diga
heys (page 28).

E™] automatic
stack review, Flashes
comants of stack in
order T, Z. ¥, X, with
blinking decimal polnt
{pmge 58).

Number Altaration

(28] Gives absolute
vislue of number in
displayed X-regisiar
{page 86).

[ Leaves only
integer portion of num-

WEITANEY L 2o veeoveesessnsnssssiasssnnsn T 318
Full One-Year Warramy . ........................... 318 Programmable Pocket Calculator
Obligation to Make Changes .. ..................... 318

BRI BONDY . 1. i s b P or s g b 318 Function Key Index
:;T:n:rm;"' et R R R A R e R e ) ::: Manual RUN Mode. W/PRGM-AUN switch wieaca IR set 1o RUN.
Shioping CHarges .................................. 319 Funcion kaye pressed rom e keyoosed sveaue cviduel urions s hey
Further INfOMmation . ............cocvimimniininies 319 below cperate alher from the keyboard or as recorded instructions in a program.

Appendix C: Improper Operations ... ............ 320

orF [l ow Po E [fRzc]

Appendix D: Stack Lift and LAST X ... 322 switch (page m"“ EWP?:W: copy Irmum:T:mmnﬁ
BRI s vt i e T e RS R e J22 wescas (I Fum of number in displayed ?uiw“ damplayed
LB T 5 o st B 0 B R 5 % B B B A B A B 323 5 ot K-register into Y -re- m—mﬂf_alw by truncat-

" . | 2 ; T node gister. Usad to g integer portion

Appendix E: Calculator Functions (page 124). SBpATalE NUMbErs {page 87).

and Keveodes .. 324 Detault Functions (page 58). [ Rounds mantissa
Gumoril IIRK «.ooovooviminivisansimnisnssasansr o 599 €3 Cranges signof 51 100001 PuTRETin
Dotack itchens. T a2 e o yalue seen n the ds-
f marn-
GHl RUN made when  29ister (pege20),  Piay (page 85
no instructions have 721 Enter exponent, Number Manipulation

[®) Aaolis up conlents
of stack for viewing in
diaplayed X-negister
ipage 55).

[@3] Ralls down con-
tents of stack for view-
ing in displayed X-
regisier (page B4).

of displayed X-register

o rero (page 28).
Percentage

[ computes x% of y

{page 80).

Computes per-



Program Memaory
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001 B
oo B4
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005 -2
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222 4
23 Ba
224 B

Addressable Storage Registers

Primary Aegisters

The HP-67

Automatic Memory Stack
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Storage
Eii7) Store. Followed
by addnass key, SlOres
displayed number in
primary siorage reg-
isbar (A, through A,
R through R, )
specified, Also used o
pariom Storage reg-
igter anthmetc
(page 72).

[ Recall. Followed
by addrass key, recalls
numbar fram prmary
storage regisher (R,
through Re. A, theowgh
A, ) specified into the
displayed X-ragister
(page TZ).

Clears con-
tenis of al pnmary
storage regisiers (R,
through A, A through
Ry, 1) to zerg
(page 76).

Recalis mum-
ber displayed before
the pravious oparation
backinta the displayed
K-register (page 67).

[ Primary wx-
change secandary,
Exchanges contents

of primary storage reg-

isters A, Mrough Ay
with contants of pro-
lecind secondary
Slorage registers Ry,
through Ay,

(page 74).

Automatic reg-
ister revagw, Flashes
contants of storage
registare in order A,
through R, A, through

Ry. 1. register
addrass appEars in
display preceding con-
tenis of shorage reg-
ister (page T7).

Display Control
[[17] Salects fived
paant display
(page 44).

Setacts scien-
fific notation dsplay
(page 43).

ENG Selocts angi-
neering notation dis-
may (page 46).
[0 Followed by
number key, setects
nymbsar of displayed
digils {page 42).

Mathematics

M | Computes lactarial
of numbear in displayed
K-ragister [page BB).

[ Computes re-

(] Computes square
ol number indisplayed
X-ragister (page BT},

[[] computes square
oot of number |n dis-
played X -register
{page 88).

[7] Places value ol
(3. 141592654) into
desplayed X-rogisiar
(page 89).

ARG
Arthmetic oparalors

{page 32},
9

Statiatica

£ Accumulates
numbers from X- and
Y-registers indo sec-
ondary slorage reg-
isters Ry through R,
(page 107).

L- Subtracts x and y
values from storage
registers Ay, through
Ay, tor comecting or
sublracting (58 ac-
cumutation enlries
(pege 116).

|:| Computes maan
{averaga) of x and y
values accumulated
by T2 (page 111).
i] Computes sampia
standard daviations
al x and y valuas
accumulated by (2]
(page 113).

Polar'Rectangular
Conversian

Conmverls x, y
reclangular coordl-
nEtes placed in X- and
Y-registers io polar
magnituder and angle
# {page 98).

E} Convers polar
magnituder and angle
& in X- and Y rogstors
bo rectangular x and y
coordinates (page
T00).

Flags
SF| St flag. Followed

by hﬂ designator {0,
1. 2, or 3), sets llag

frue (page 255).

CF| Cloas llag. Follow-
ed by flag designator
(0. 1, 2, or 3), clears

flag (page 255).



Trigonometry
[=HME] Converts
decimal hours or de-
Grees 1o fours,
minules. secands or
dagress, minutes,
secands (page 94).

5] Converts hours,
minufes. seconds or
dagress, minules,
seconds 10 decimal
degraes (page 84},

Adds hours,
minutes, seconds, of
degress, minutes,
seconds inY-regsier lo
those in displayed
K-register (page 96).

| ESTN | e
Computes arc sina,
Arc COSine, o arc1an-
gent of number in
dispiayed X-regisier
(page 83).

C3 L) com-
pules gine, cosine, or
tangent of valus in
dispiayed X-ragister
(page 83).

A Converls degrees
to radians (pege 2.

(3 Converts radians
todegreas (page 92).

BEG| Sels decimal
degrees moda for
Irsgononmetnic lunctions
{page 93}

RAD . Sels radians
g for trigonometric
functons (page 93).

GRO. Sets grads mode
fet trigonametric
functions (page 93).

Indirect Control

§T1 Store-l. Siores
number i 1-regisie
(page 73).

(R 1 Racall, Recalts
numbar from [-regster
{page T3).

[} Whan preceded by
3, 0. &3,
Exor (=1, the
address or conbrol
walua for that function
s spodiied by the
currerd rumber in B
(page 223).

(ZZ) increment and
skip il zero, Adds 1 10
contenis ol 1. Skips
one slep If contents
arg then Zero

{page 215).

Increment (i)
and skip if zero. Adds
1 to contents of stor-
age register spacifiad
by value in 1. Skips
one. step i contents
Bre than zero

(page 238).

[[7] Dacremant I and
ghip il zavo. Sublracts
1 from comtenis of I,
Ekips one step il con-
tents are then o

(page 215).

Decramant (i)
ared skip i zero, Sub-
tracts 1 from contents
of storage regisier
specified by value in 1.
Skips one step if con-
lants Bre than zedo
(page 238).

xil | Exchanges con-

tenis of displayed X-
regigter with thosa of

I-register (page 214).

Logarithmic
and Exponential

[ Raises nimber in
Y-regisler o power of
number in displayed

X-register (page 104}

[i57] Commoen anti-
logarithm, Raises 10
te pewer of number in
disprayed X-ragisler
{paga 103).

Matural anti-
arithrm. Raises

e [2.718281828) to

power of numbar in

displaysd X-register

(page 103).

[[50] Computes com-
mon egarithm: (base
10} of number in ds-
played X-ragister
{page 103},

[} Computes naturai
ithm (Dase a.

2. 118, pof numbeer n

displayed X-register

{page 103).

Magnetic Card
Control

i & magmahc
card is passed through
the card reader im-
medately aftér this
operation, the con-
tents of the storage
registers arg reconded
on the card (page
anrs).

Merges,
rather than oversriles,
data or prograrm fram
magnetic card with
daia or progeam in
calculator (page 2T5).

Programming Key Index

PROGRAM Mods ||

Automatic AUN Mode

WIFRGM-RLN
switch setto W/PRGM

werrcy [T Aun

Al funclign kays ex-
cept the 5 default keys
and the functons
Shosn below ang load-
ed into program
memory when pressed.
Program mesmory con-
tents racorded Lpon

PRGM-FUN switch weacs [T rus

set o RLUN.

Furclion keys may be executed as partol a
recerded program or indevidually by pressing
fram the: kayboard. Input numbers: and
angwers are displaved by the calculator,
excepl whena indicated. Data or instructions
loaded fram magnetic card into caksutatar
when card is passed through cand reader,

ragnesic card when
card passed thiough
card rasder.
» il rscordid s
In PROGRAM mode || eyboard: bl i
cnly fiva operations are X
active. These opera- afefCcHofe) gpBos
fions are used i hetp | C1E]1 C1 (01 ) ) (U3 A
racord programs, and || User-gefinable keys. | (5] (8] (1) (&) @)
cannot ihemseivesbe. || Cause calculator to | Label designalors.
recorded in program search downward When preceded by
memory. through program . define bagin-
memory 1o first desia- | niag of routine. When
nated label and begin | preceded by [0 o
execution thers. (). cause calculator
(page 137). 1o Sep exetution,
search dowmward
thraugh program

10




PROGRAM Mode

Automatic AUN Mode

Active keys:

G o, Followed

by[=] (n] (2] [n] posi-
tiones calculator to step
nonnof progeam
memiony. No insiruc-
fions are executed

(page 157).

Pressed from
‘the keyboard:

B8 Go to. Followed
by (=] (2} (0] [n] sets
calculator io stepnnn
of program mamory
withaut execuling in-
sthruchons. Followed
by label designator
(£ theoughlE. 1 (5]
through IE (<], 0]
through (9] ) or [l
causes cabulator 1o
search gownwand
through: program
mamary o hirst des-
ignated labed ard
slop there

{page 173}

A=) Goto

subroutine. Followed
by label designator,
(B m ans
through (2], (2]
through (2], [,
causes calculalor 1o
start ggcuting in-
SEruCtions, beginning
with designated label
(page 207).

ATN] Aoturn. Sets
calculator 1o step Q000
of program memory
{page 152).

Execufed as a
recorded program
instruction:

i Go to. Followsd
by labal designator
({3 wough 5,00
[ throughill [1.[2)
through (31} or [,
causas calcuiator 1o
S10p execution, search
thraughn program
memory to firgl des-
ignaied label. and re-
sume execution there

(page 179).

CIC JGow

subrowuting. Foflowed
by labei de

{3 wrougn B [1)
through (], (2
threugh [2]) or [0,
causes caltulator o

seaich through pro-
gram memary 1o first
designated |abel and
axedute that secton of
Program memory a8 a

subrouting (page 187,

[RTH| Return. I axo-
cutad as a resuit of
prascing a label desig-
nator of execulion of a
mslruciion, slops
execulion and relurng
contral o kevboard, IT
executed as & resull of
a1 instruction, re-
furns comtrol 10 next
step after the [

instruction (page 134).

11

PROGRAM Mode Automatic RUN Mode
Active keys: Pressed from Executed as a
i recorded program
A instruction:
Clear pro- 0 pre-
gram. Clears program lix ey, canceds that
memory to all [A7E] key. After other keys,
instructions, seis does nothing, Does
calculator § 000, || motdisturt program i
mmﬁm memory or calculator xm":’m
specifies FIX 2 and slatus (page 147). e

BEGREE modées
(page 132).

|BST| Back step.
Mowes caloulator hack
one step in program
memaory (page 158).

EEid single stap.
Moves calculator for-
ward one step of
pm_gfam oy

(page 155).

B5T) Back step. Sets
calculatar to and dis-
phays step numbser and
keycode of previous
prOGram memary step
when pressed; displays
original contents

of ¥-register whan
released. No instruc-
tigns are exscuted
(page 158).

Single step.
Disptays step number
and keycode of cur-
rent program memony
step when pressed,
execules instruction,
displays resull, and
mioves calculator o
next step when
released (page 152).

ransfers control 10

keyboard for 1 second,
then resumes progrant
axecution (page 172).

| 0 R § T 9
o )

Conditionals. Each
tests value in X-regis-
ber agamst 0 of value
in ¥ -register as indi-
cated. Il true, cabcula-
1or axecutes instruc-
tion i next step of
program meamaory, i
falsa, calculalor skips
one step belore ra-
SLEMING exacubion

{page 1886).

2] If flag true. Fol-
lowed by flag desig-
nator (0, 1. 2, or 3},
tests designated fag.
If flag Is sat (true) the
calculator execulas
the instruction in the
next step of pro-
gram memary. If flag
is cleared (false), cal-
culator skips one step
before resuming exe-
cution. [F7 clears
flags F2 and F3 after
test (page 255).

12




PROGRAM Mode

Automatic AUN Mode

Active keys:

DEL Dalete Deletes
cufrant imstruction
from program memaory
All .subse-quant Ifi=
structions moved up
one step (page 161).

Pressed from
the keyboard:

@ Run/stop. Bagins
exgcution from cumrent
siep of program mem-
oy, Slops axecution i
program is running
{page 168).

[DEl atior BY prefix
key, cancels that key
Afler other keys, does
nothing. Does not
disturb program
mamory ar calculator
Slatus {ME 161).

Any kay. Pressing
any kay on the key-
board stops axscubion
of a running program,

Executed as a
recorded program
Instruction:

[C] Flash X. Pauses
bo dispiay contents of
X-ragister for 5 sac-
onds, Used 1o write
down answars or fo
imerface programs
with HP-27 Program-
mable Printing
Calculator (page 172).

Executed as
no operation in HP-67
Used 1o interface pro-
grams with HP-87
Programmable
Printing Calculator

(page 304).

(RS} Runistop. Stops
program axgcution

(page 168).

13




Meet the HP-67
Congratulitions!

With your purchase of the HP-67 Progrummable Pocket Calculator,
you have acquired a truly versatile and unigue calculating instrument.
Using the Hewleil-Packard RPN logic system that slices with case
through the most difficult equations, the HP-67 is without paraliel:

As a scientific caleulator, As @ scientific caleulator, the HP-67
features a multiple-entry keyboard with each of the 35 keys control-
ling up to four separate operations, ensuTing maximum computing
power in & pocket instrument.

As u problem-solving machine. Anvone who can follow simple step-
by-step instructions can us¢ the prerecorded magnetic cards in the
Standard Poc and the optional application pacs from the areas of
engineering, mathematics, finance, statistics, medicing, and many
other fields. Immediately!

As a personal programmable caleulator. The HP-67 is so casy 1o
program and use that it requires no prior programming experience or
knowledge of arcane programming languages. Yet even the most
sophisticated computer experts murvel at the programming features
of the HP-67:

Magnetic cards that record data or programs—permanently,

26 datn storage registers,

224 steps of program memory.

Fully merged prefix and function keys that mean more pro-

gramining per step.

= Easy-to-use editing fentures for correcting and modifving
programs,

« Powerful unconditional and conditional branching.

= Three levels of subroutines, four fags. 20 easily-accessed
labels,

« Indirect addressing,

15

16 Meaet the HP-B7

And in addition, the HP-6T can be operated from its rechargeable
battery pack for complele porfability, anywhere.

Now let's take a closer look at the HP-67T 1o see how easy it is to
use, whether we solve a problem manually, use one of the
sophisticated prerecorded programs from the Standard Puc, or even
Wrilé Our OWn progranm.

Manual Problem Solving
To get the feel of your HP-67, try a few simple caleulutions, First,
el the switches that are located at the top of the keyboard as follows:

Set the OFF-ON switch or[illlJon 1o ON.
Set the W/PRGM-RUN switch wnou [lll[Jaes 10 RUN.

To solve: Press: Display:

5+6=11 B ERE e
B+2=4 BHES S
7-4=3 B =2l (22
9x8="T2 e =
+ =020 ==l - Q==
Sine of 30° = 0.50 d B = (656 ]

Now let's try something a lithe more involved. To calculate the
surface aren of a sphere, the formula A = 7d® can be used, where:

A is the surface area of the sphere,
d is the diameter of the sphere,
r is the value of pi, 3. 141592654,

Ganymede, one of Jupiter's 12 moons, has a diameter of 3200 miles.
You can use the HP-67 to manually compute the area of Ganymede.
Merely press the following keys in order:

Press Display

(B0 | 3200 Diameter of Ganymede

= 10240000.00 | Square of the diameler.

= B (314 The quantity

= J2160908.78 Area of Ganymede in
sguare miles.
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As vou will see, these same Keystrokes can be used 1o write a
pragram for the HP-67 that will solve for the arca of any sphere,
But first let's look st o prerecorded program, one of the fifteen
in the Standard Pac shipped with your ealculator

Running a Prerecorded Program

The Standard Pac shipped with your calculator contains 15 prere-
corded magnetic cards, and each card contains a program. By using
cards from the Standard Pac (or from any of the optional application
pacs, available in areas like finance, statistics, mathematics, engi-
neering, or medicing) you can use your HP-67 to perform extremely
complex calcelatnons jusi by Tollowing the cookbook-style directions
in each pac. Let’s try running one of these programs now

1. Select the Calendar Functions program from the Standard Pac
card case,

Hido 1

2. Ensure that the W/PRGM-EUN switch wercwm [I0mm is
set o RIUN.

3. Insert side | of the Calendar Functions card, printed side up,
into the card reader slot on the right of the calculator as shown.
When the card is partially nto the slot, & motor engages and
passes the card through the calculwtor and out a similiar slot
on the left of the calculator. Let the card move freely.
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4. The cofculator display should read l Crad | 1o prompt
youl that side 2 of the card must be read n.

5. Now inscrt side 2 of the calendar functions card, again face up,
into the card reader slot on the nght side of the calculator and
permit it to pass through the card reader o the rear of the
calculator

6. If after cither pass of the card through the card reader, the
display shows "Error _ » Thar side of the card did not reed
properly, Press &8 then insert that side of the card inw the
card reader slot and let it pass through again.

7. When hoth sides of the card have been read properly, the display
will again show the previous answer

&, Insert the card into the window slot, as shown, The markings
on the card should be directly over the kevs marked
= The markings. or mnemonics, on the card now
identify the function of cach of these five Keys.

You are now resdy Lo use the program

Example: How many days are there between September 3, 1944 and
Movember 21, 19757

Solution: The figure on the next page duplicates the user instructions
for the Calendar Functions program. These instructions can also be
found in the HP-67 Standard Pac, just as can the instructions for ihe
other |4 programs in the pac
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INPUT

STEP INSTRUCTIONS DATA/UNITS KEYS ﬂl:TuHUPI'I‘E.

1 Lond side T and side 2.
2 |For day of the weel calculations

oo o sep B
3 irput beo of the followng!
First date imm.ddyyyy) oT, o Day #,
Bacond date (mm.ddyyyyh oT, o Day #,
Disys batwaen dates DAYS a Days
o waeks befween dates’ WrS. DY5 2] Days
4  Calcuiste one of the fallowng: .
First dais [ 4] oT,
Second dale @ | on
: Diays petween dmes ' ] Days

Waaks between dales B WHS. OYS
5 ;Fmimmwhmi I . .
§ | input date and caicuinte day

| ot the waek 0 = Sunday,

;I- Saturdny) oT ] . DOWw

! T | For s new case go to siep 2

| |

"Edhar days betwean datos or
widhs Detwesn datas, Dut not
bty Frimy b inpal in siep 3

To solve the problem, just follow the User Instructions, beginning
with step 1. Since you have already performed step 1. and you do
not wish tw perform step 2, you continue on 10 step 3. There you
input the first date in the formal mm.ddyyyy. (This means yoo key
in the date as the month, from 00 to 12, then a decimal poim, then
the day as dd, and finally the vear as yyyy.) Thus, 1o key in
September 3, 1944

Press Display
09.03 1944
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Reading across the line, you can see that afier you inpur the first
date (DT}, you are directed under the Keys heading to press 8% |

Press Display
= [F437337_]  Julian day number

{number of days since the
inception of the Julian
calendar).

Now follow the instructions for the second date (DT,) which is
November 21, 1975,

Press Display
11.211975 11271
ar 2442738 (Julian day number used

by ustronomers. }

Now you move to step 4, which gives the key you press for cal-
culation. You can see that to calculate the days between dates, you
press 5

Press Display
«

The number of duays between September 3, 1944 and November 21,
1975 is 11401,

You can run the program again s often as you like, With the calendar
program, you can calculate the days between dates, the weeks
between dates, or even the day of the week on which any date falls.

You have seen from this example how simple it is 10 use your HP-67.
You can begin using your Standard Pac, or any of the optional
applications pacs, right now. All you have to do to begin taking
advantage of the caleulating power and programmability of the HP-67
is follow simple instructions like these.
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Your Own Program

Earlier, you calculated the surface area of Ganymede, one of Jupiter’s
12 moons. Now, if you wanted the surface area of each moon, you
could repeat that procedure 12 times, using a different value for the
diameter o 2ach time. An easier and fuster method, however, is 1o
create 4 progrom that will calculate the surface area of a sphere
from its diameter, instead of pressing all the keys for each moon.

To calculate the area of a sphere using a program, you should first
create the program, then you must load the program into the cil-
culator, and finally you run the program to calculate cach answer.
If you want to save the program, ¥ou can record it permanently on
a magnetic cand.

Creating the Program. You have already created it! A program is
nothing more than the series of keystrokes you would execute to solve
the same problem manually. Two additional operations. a label! and
a return are used to define the beginning and énd of the program.

Loading the Program. To load the keystrokes of the program into
the calculator:

Stide the W/PRGM-RUN switch werom[I[IlAun t© W/PRGM
forogram).
Press B8 B 1o clear the caleulator.

Press the following keys in order. (When you are loading a program,
the display gives you information that you will find useful fater, bt
which you can ignore for now. ]

= &2 & Defines the beginning of the program.
2@

These are the same keys you pressed fo solve the
25 problem manually,
=

[ =] Defines the end of the program.

The calculator will now remember this keystroke sequence.
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Running the Program. To run the program o find the area of any
sphere from its dinmeter:

1. Slide the W/PRGM-RUN switch wenosm liIMee back 1o
RLUN.

2. Key in the value of the diameter.

3. Press B to run the program.

When you press 22 | the sequence of keystrokes you loaded {5 auto-
matically executed by the calculator, giving you the same answer you
wiuld have obtained manually.

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

Press m.!
3200 [3200. ]
= [ 32169908.78 | Square miles.

With the program you have loaded, you can pow caleulate the area
of any of Jupiter's moons—in fact, ofany sphere—using its diamerer,
You have only to leave the calculator in RUN mode and key in the
diumeter of each sphere for which you want the area, then press =5 .
For example, 1o compute the surface area of Jupiter’s moon lo, with
o dimmeter of 2310 miles:

Press Display
2310 == 1676365256 Square miles.

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

Press Display

1950 EB 9 590 Area of Europa in square
imules,

3220 == 3357328927 Arey of Callisto in square
miles.
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Programming the HP-67 is that easyv! The calculator remembers a
series of kevstrokes and then executes it at the press of a single
key. In fact the HP-67 can remember up to 224 separate operations
(and many more keystrokes, since many Operations require (wo or
three keystrokes) and execute them at the press of one of the label
keys. By using, say. label A for one program, label B for another,
ete., your caleulator can contain many different programs at one time.

Recording the Program. Just us the programs in the Standard Pac
have been permanently recorded on magnetic cards, so you can record
your program on a magnetic card. To record your program:

1. Select a blank, unprotected (unclipped) magnetic card.

Sae 1 t # Hue 2

. Slide the W/PRGM-RUN switch wencw[[[jien 1o
W/PRGM.

3. Insen side | of the card into the right card reader siot on the
calculator. Permit the card to pass through the card reader 1o the
left of the caleulator, Since your program contains fewer than
113 instructions, you need to pass only one side of the card
through the card reader. Your program is now recorded on the
magnetic card.

4. Be sure to mark the card so you don’t forget whal program is

on the curd and what keys control the program. The marked card

might look like this when you are through:

[ )

G©SPHECE SJRAICE ALEH 5
E,d?

5. The program now on the card will remain there until you record
anoiher program over it. To save the program permanently,
so that no other program can be recorded on the card, clip the
commer of the card nearest side 1

S 4 Fa Sadm 2
oA ESF ERE SURFACE ARER j .
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That's all there is to it You can reuse the program as often as you
like—merely pass the card through the card reader with the
WIPRGM-RUN switch set to RUN each time you want 1o load this
program mnto the caleulator,

Using this Handbook

New to Hewlett-Packard Caleulators? Part One of this handbook
has been designed to teach you 1o use your HP-67 as a powerful
scientific calculator, By working through these sections of the
handbook, you'll learn every function that you can use to calculate
answers manually, and vou'll come to appreciate the calculating
efficiency of the Hewlett-Packard logic system with RPN, And since
the programmability of the HP-67 stems from its ability to remember
4 series of manual kevstrokes, Part One, Using Your HP-67
Calcotator, is invaluable in laying the groundwork for Part Two,
Programming The HP-6T,

Previous HP User? If you've already used Hewlen-Packard pocket or
desktop calculators with RPN, you may want 1o turn directly to Parl
Two, Programming The HP-67. Later, thoogh, you will undoubiedly
wish to peruse Part One at your leisure in order 10 discover the many
calculating advantages of the HP-67,

Whether an old hand or a novice, you'll find the Function and Key
Index on pages 8=13 invaluable as a quick reference guide, a pro-
gramming guide, or even to illustrate the features of the HP-67 1o
wour friends,



Part One

Using Your HP-67
Pocket Calculator




Secton 1

Getting Started

Your HP-6T is shipped fully assembled, including & battery. You can
begin using your calculator immedistely by connecting the cord from
the ac adapter/recharger and plugging the charger into an se outler. If
you want to use your HP-67 on battery power slone, you should
charge the battery for 14 hours first, Whether vou operate from battery
power or from power supphed by the charger, the battery pack must
alwavs be in the calculator.

To begin:
Slide the W/PRGM-RUN switch wrros [llIMmm 0 RUN
Slide the OFF-ON switch ore [l o~ to ON.

Display

MNumbers thal you key into the caleulstor and intermediate and
final answers are always seen in the bright red display. When
vou first tum the caleulator ON, the display is set to [6.00

to show you that all zeros are present there, 2

Keyboard

Each key on the keyboard can perform as many as four dif-
ferent functions. One function is indicated on the flat plane of
the key face, while another is printed in black on the slanted
fice of the key. A third and a fourth function may be indicated
:y printed symbaols in gold and blue, respectively, below the
ey,

There are three prefiv keys, 50 BB , and I8 . By pressing one
of these prefix keys before pressing u function key, vou select
the function printed on the slanted key face or one of the func-
tions printed in gold or blue below the function key.

To select the function printed on the flat plane of a function
key, press the key.
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To select the function printed in black on the slanted key fmce,
first press the black @ prefix key. Then press the function
key.

To select the function printed in gold below the function key,
first press the gpold =8 prefix key. Then press the function key.

To sclect the function printed in blue below the function key,
first press the blue @8 prefix key. Then press the function key.

To execute this function,
simply press .

To execute this function,
first press @R | then

To execulte this function,
firat press s then

press 5].

To execute this function,
first press 59 | then

press i .

In this handbook, the selected key function will appear in the
appropriate color, outlined by a box, like this: B, &2, .

Keying In Numbers

Key in numbers by pressing the number keys in sequence, just
as though you were writing on a piece of paper. The decimal
point must be keyed in if it is part of the number (unless it is o
be right of the last digit).

Example:
Key in 148.84 ;
by pressing the kevs Display
DEEEECGE 148.84 |

The resultant number 148_84 is seen in the display.
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Negative Numbers

To key in a negative number, press the keys for the number, then
press B0 (change sign). The number, preceded by a minus (—) sign,
will appear in the display. For example, to change the sign of the
nuimber now 10 the display:

Press Display
(Cris)

You can change the sign of either a negative or a positive nonzern
number in the display. For example, to change the sign of the - 145 .84
now in the display back 1o positive:

Press Display

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

Clearing

You can clear any numbers that are in the display by pressing (E51
fefear X). This key eruses the number in the display and replaces it
with | 0.00

Press Display
cic

If you make a mistake while keying in a number, clear the entire num-
ber string by pressing [EE3. Then key in the comrect number,

30 Getling Started

Functions

In spite of the dozens of functions available on the HP-67 keyboard,
you will find the calculator functions simple o operate by using a
single, all-encompassing rule: When yvou press a fumcrion key, the
calculator immediately executes the function wrirten on the kev.

Pressing a function key causes the calculator to
immediately parform that function.

For example, to calculate the square of 148 84, merely:

Press Display

148,84

B =] 22153.35 ]

To calculite the square root of the number now in the display:
Press Display

L o

Motice that you did not use the [ function directly over the £ key to
calculate the square root. The five functions above the [, [0, [,
3, and 3 keys are known as defaulr funciions. When you first um
the HP-67 ON, these default functions are present in the caleulator,
and you can select any of them by simply pressing the appropriate
key (I3 through £3), However, s soon as you begin keying in a
program, the default functions are lost, and the top row keys (I
through £3) are used o select programs or routines within programs.
The only way to restore the default functions 1o the calculator is o
clear the calculator of all programs, either by tuming it OFF, then
ON, or by pressing [ with the W/PRGM-RUN swiich
weack [ Aus 5ot to W/PRGM.

Esch of the five defaull functions is duplicated by another key on the
keyboard. For example, you can select the square rool funciion either
with the default function B or by pressing £5 [C] . When the default
functions are operational, you can use & default function by pressing
only ong keystroke. In this handbook, however, we normally show the
prefived funchon insiead of the default function,
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Whiether selected as a default function or as a prefixed function,[] is
an example of a one-number function; that is, a key that operates upon
a single number. All function keys in the HP-67 operate upon either
one number or two numbers al a time (except for statistics keys like 553
and [E] —maore about these later),

Function keys operate upon either ona number or two
numbers

One-Number Functions
To use any one-number function key:

1. Key in the number,
2. Press the function key {or press the prefix key, then the function
key).
For example, to use the one-number function (¥ key, you first key in
the number represented by x, then press the function key. To calculate
%, key in 4 (the x-number) and press [ (& .

Press DMsplay
4 O
@ & (025 |

Now try these other one-number function problems. Remember,
first key in the number, then press the function:

V2500 = [ 50.00

1 = | 100000.00 {Use the (7] key.)
V3204100 = [17s0.00 |

log 1258925411 = [1.10

71* = | 5041.00
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Two-Number Functions

Two-number functions are functions that must have two numbers
present in order for the operation (o be performed. £2, 8, I3, and &
are examples of two-number function keys. You cannot add, subtract,
multiply, or divide unless there are two numbers present in the calcu-
lator, Two-number functions work the same way as one-number
functions—that is, the operation occurs when the function key is
pressed. Therefore, borh numbers must be in the calcularor before the
function key ix pressed.

When more than one number must be keyed into the caleulator before
performing an operation, the (TN key 15 used to separate the two
numbers,

Usa the T key whanever more than one number musi
be keyed into the cakculator before pressing a function.

If you key in only one number, you never need to press 0. To
place two numbers into the calculator and perform an opération:
1. Kev in the first number.

2. Press 00 to separate the first number from the second.
3. Key in the second number.
4. Press the function key to perform the operation.

For example, to add 12 and 3:

Press

12 The first number.

ENTER | Separates the first number from the second.
3 The second number.

L+ The function.

The answer, . is displayed,
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Other arithmetic functions are performed the same way:

To perform Press Display
12:=3 RINED IS 9,00
12 x3 RIIED 3N 36.00
12 +3 RZIED38 4.00

The i) 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 use
every other two-number function key:

1. Key in the first number,
2. Press SO0 to separate the first number from the second.
3. Key in the second number {power).

4. Perform the operation (press @3 7).
When working with any function key (mcluding 57), vou should

remember that the displayed number is always designated by « on the
function key symbaols.

Tha number displayed is always x.

S0[Z) means square root of the displaved number, (&) means
1

displayed number =
Thus, to calculate 3%
Press Display
3
D (300 ]
fi e 1 1, the displayed number,
i now six.
o 2.0 The answer.
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Now try the following problems using theF™ key, keeping in mind the
simple rules for two-number functions:

I6* (16 to the
4 power) = | 65536.00

817 (81 squared) = EHTDQ__] {You could also have
dome this as a one-
number function wsing

)
225* (Square root

of 225) = | 15.00 (You could also have
dome this as a one-
number function using
EZ).)
2" (2wihe o
16 power) = 65536.00
16 (4™ root o
of 16) = [L]

Chain Calculations

The speed und 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 vou see the results as vou calculate—rthe Hewlett-Packard
automatic memory stack stores up o four intermediate results inside
the calculator until you need them, then inserts them into the calcu-
lation. This system makes the process of working through a problem
as naturel 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) = 7,

If you were working the problem with a pencil and paper, you would
first calculate the intermediate result of (12 + 3)...

() =% 7 =

/
...and then you would multiply the intermediate result by 7.
(T =7 =105

I5x7 =108
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You work through the problem exactly the same way with the HP-67,
one operation at a time, You solve for the intermediate result first. ..

{12+ 3)
Press Display
12 [12
ENTER [12.00
o3 | 3.
Intermediate result.

...and then solve for the final answer. You don't need to press
IHID 1o store the intermediate result—the HP-67 automatically
stores it inside the calculator when you key in the nexi number. To
conlinug, .,

Press Display

7 . The intermediate result
from the preceding opera-
tion is sutomatically
stored inside the calcu-
lator when you key in
this number,

Pressing the function key
multiplies the new num-
ber and the intermediate
resuli, giving vou the
final answer.

Now try thesz problems. Notice that for esch problem you only have
to press TGk to insert a pair of numbers into the calculator—each
subsequent operation is performed using a new number and an avto-
matically stored intermediate result.

To solve Press Display
Z+3
10 :
ENTER o
3
10
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To solve Display

(e —=4)

J6.00

4+7+3-2
4

nan-anwaug - nun*E; g

Problems that are even more complicated can be solved in the sume
simple manner, using the automatic storage of imermediate results,
For example, tosolve (2 + 3) ¥ (4 + 5) with a pencil and paper, you
would:

2+3)x@+3

— ——

First solve lor the contents
al these pman!hﬂm‘|

.and then you would muliiply ihe
two intarmediate answers togelher.

...andthan lor these parenthases ...
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You work through the problem the same way with the HP-67T. First
you solve for the intermediate result of (2 + 3]

Press Display

2 E ]

fEnTER 4 2.00 |

3 3 |

[+] 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 ZIED key again to separate the first
number of the pair from the second,)

Procedure Press Diisplay
j};ﬁxﬁ;ﬁf 4 CIED S&

Then multiply the inermediate answers together for the final answer:

Procedure Press Display
A2+ % (45T @ [45.00
s x 4

Motice that you didn't need 1o write down or key in the intermediate
enswers from inside the parentheses before you multiplied—the
HP-67 automatically stacked up the intermediate results inside the
caleulator for you and brought them out on a last-in, first-oul basis
when it was time 1o 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 logical order you would use if you
were working it with o pencil and paper.
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For example, to solve;

(9 +8) x (7 +2)

4 x5

Press Display

om0 700 | Intermediate result of
9 + By

TEOED 2 8 IEl Intermediate result of
(7T +2).

[} 15300 | (9 + 8) muliiplied by
(7 + 2).

4 IHTD s8 Intermediate result of
(4 x 5).

+] T8 ]| The final answer.

Now Iry these problems, Remember to work through them as you
would with a pencil and paper, but don’t worry about intermediate
answers—they're handled sutomatically by the calculator.

@xH+@x5n=[00 |
(14 +12) x (18 = 12) _
—h (7800

V1638 x5 _
08

181.

Ax(17- 1)+ (10 -5 =[00___ ]

VI2+H x4 +5 +Vie+T) % (E+9 = [21.57 |
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A Word about the HP-67

Now that you' ve learned how to use the caleulator, you can begin to
fully appreciate the benefits of the Hewlett-Packard logic system.
With this system, you enter numbers using a parcnihesis-free,
unambiguous method called RPN (Reverse Palish Notation),

It is this unique system that gives you all these caleulating advantages
whether vou're writing keystrokes for an HP-67 program or using the
HP-67 under manual control:

= You never have to work with more than one function at a time.
The HP-6T culs problems down 1o size instead of making them
more complex,

»  Pressing a function key immediately executes the function. You
work naturally through complicated problems, with fewer key-
strokes and less time spent.

o Intermediate results appear as they are caleulated. There are no
“hidden'" calculations, and you can check each step as you go.

» Intermediate results are automatically handled. You don’t have
to write down long intermediate answers when you work o
problem.

# Intermediate answers are automatically inseried into the prob-
lem on a last-in, first-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 1o learn. But you'll be amply
rewarded by the ease with which the HP-6T solves the longest most
complex equations, With HP, the invesiment of a few momenis of
learning yields a lifetime of mathematical dividends.

ENG I
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Section 2

Display Control

In the HP-6T, you can select many different rounding options for dis-
play of numbers. When you first turn on the HP-67, for example, the
calculator “‘wakes up'" with numbers appearing rounded 1o two
decimal places. Thus, the fixed constant &, which is actually in the
calculator as 3, 141592654, will appear in the display as 3.14 {onless
vou tell the calculator to display the number rounded to a greater or
lesser number of decimal places).

Although a number is normally shown to only two decimal places, the
HP-67 always computes imternally wsing each number as a 10-digi
mantisss and o two-digit exponent of 10. For example, when vou
compute 2 ¥ 3, you see the answer o only two decimal places:

Press Display
2EED A0 6.00

However, inside the calculator all numbers have 10-digit mantissas
and two-digit exponents of 10. So the HP-67 actually calculates using
full 10-digit numbers:

2000000000 = 10 I 3000000000 = 10753

yields an answer that is actually carried to full 10 digits intemally:

| 6.000000000 = 107

You see only these d}gﬁa..& /
...but these digits are also present.

a
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Display Control Keys

There are four keys, [, 550, B, and EZD that allow you w
control the manner in which numbers appear in the displuy in the
HP-67. 3 followed by a number key changes the number of dis-
played digits without changing the format. [(C1] displays numbers in
fixed decimal point format, while (557] permits you to see numbers in
seientific notation format. ene displays numbers in engineering nota-
tion, with exponents of 10 shown in multiples of three (e.g., 107, 108,
L0,

MNo matter which format or how many displayed digits you choose,
these display control keys alter only the manner in which a number is
displayed in the HP-67. The actual number itself is not altered by
any of the display contral keys, No matter what type of display you
select, the HP-67 always calculates internally with numbers con-
sisting of full 10-digit mantissas multiplied by 10 raised 1o a tao-digit
exponent.

Display Number Changes

The EZ0 (display ) key followed by a number key specifies the num-
ber of digits that your HP-67 will display. For example, when you
tum the HP-6T ON, it “'wakes up"’ with two digits displayed after
the decimal point, Using the EE3 key and the appropriate number
key (0-9), you can display up 1o nine digits after the decimal point.
For example:

Press Display
(Tum the calculEtor

OFF, then ON.) 0.00 ,l Calculator *“wakes up"

with two digits shown
after the decimal point.

3 4 [B0000 ] Four digits shown after

decimal point,

s Nine digits shown after
decimal point,

2 Two digits shown after
decimal point,

In the next few pages. you will see how the £ and number keys are
used in conjunction with [C7], [557], and M6 to display numbers in
any of a wide variety of formats,
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Scientific Notation Display

In scientific notation each number is displayved with a single digit o
the left of the decimal point followed by a specified number of digiis
{up to nine) to the right of the decimal point and multiplied by a power
of 10. Scientific notation is particularly useful when working with
verv large or small numbers.

10-digit mantissa

i i
X i
Mantlssa sign Exponent of 10
Sign of exponent of 10

Scientific Nolation Display

Scientific notation i selected by pressing B 7). The B3 key
followed by & digit key is then used 1o specify the number of decimal
places to which the number is rounded. The display is ]nﬁ:‘;_usﬁﬁcd
and includes trailing zeros within the setting selected by the B3 key,
To change the number of places displayed after the decimal point,
use the key followed by the sppropriate number key, For
example:

Press Display
(Tumn the calculator

OFF, then ON.) 0.00 | Calculator **wakes up”’

with twao places displayed
after the decimal point.

123.4567 | 123.4567
o 1.23 02] Displays 1.23 x 107,

Two decimal places
shown after decimal

point.

ad Dispiay Control
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(1.2346

Displays 1.2346 x 108,
Motice that the display
rounds if the first hidden
mantisss digit i8 5 or

greater.

&3 7 1.2345670 02| Displays 1.2345670 x
108,

osr 1.234567000 02| Displays 1.234567000 x
108,

057 I 1.2346 02| Displays 1.2346 X 10°.

Fixed Point Display

When you first tum the HP-67 ON, the display you see is FIX 3 —tha
i, fixed point display with two decimal places shown. In fixed point
display, numbers asre shown with & fixed number of displayed digits
after the decimal point. The number begins at the left side of the dis-
play and includes trailing zeros within the setting selectzd, You can
select fixed point display from the keyboard by using the []
funetion.

10-digit number

i i
Sign Decimal point

Fizxed Poinl Display

After you have specified fixed point format, you can use the 20 key
followed by the appropriate number key (0=9) to select the number of
places 1o which the display is rounded. For example:

Press Display
123.4567 | 123.4567
= [123.4567 Display is rounded to the

four decimal places you
specified earlier.
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E3 o 123.
T 123. 4567000

o5e B 123.5 | Notice that the display
rounds if the first fridden
digit is 5 or grester,

En:2 123.48 | Normal FIX 2 display.

Engineering Notation Display

Engineering notation allows all numbers to be shown with exponents
of 10 that are multiples of three (e.g.. 10°, 1075, 1F%),

One significant T D i :
digit always present.  Specified significant Exponent ol 10
digits after the first ona.  always a multiple

af thrae.
Enginearing Nolation Diaplay

Engineering notation is particularly useful in scientific and engineer-
ing ealculations, where units of measure are often specified in multi-
ples of three, See the prefix chart below,

Multiplier | Prefix | Symbol
10% | tera T
. 10# ¢oa G
10 | mega M
10 kil K
10 milli m
1o micIo m
10 nano n
107 pico p
1o temio {
10 | o &
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Engineering notation is selected by pressing @ €96 . The first signifi-

cant digit is always present in the display. When you press [T7
followed by a number key, vou specify the number of addirional
displayed digits after the first one. The decimal point always appears

in the display. For example:

Press Display
000012345 000012345
0O e 12.3 -06| Engineering notation dis-

play. Since you had
specified 50 2 in the
previous example, the
number appears here
rounded off 1o two sig-
nificant digns after the
omnipresent first one,
Power of 10 is proper
multiple of three,

3 2 Display is rounded off 1o
third significant digit
afer the first one.

3 9 12.34500000- D6

0 10. -06| Display rounded off to
first significant digit.

Notice that rounding can occur to the leff of the decimal point, as in the
case of EnG| (0 specified above.

When engineering notation has been selected, the decimal point shifis
to show the mantissa as units, tens, or hundreds in order to maintain
the exponent of 10 as a multiple of three. For example, multiplying
the number now in the caleulator by 10 causes the decimal point 10
shifi 1o the right without aliering the exponent of 10:

Press Display
&3 2 12.3 -06| ENG 2 display.
| 123. -06| ENG 2 display.
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However, multiplying again by 10 causes the exponent to shift to
another multiple of three and the decimal point 10 move to the units
position, Since you specified ENG 2 earlier, the HP-67 maintains two
significant digits after the first one when you multiply by 10:

Press Display

1] =] Decimal point shifts.
Power of 10 shifts w
107", Display maintains
two significant digits
after the first one.

Automatic Display Switching

The HP-67 swilches the display from fixed point notation to full
scientific notation (SCI 9) whenever the number 18 too large or 0o
small to be seen with a fixed decimal point. This feature keeps vou
from missing unexpectedly large or small answers. For example, if
you try to solve {057 in normal FIX 2 display, the answer is auto-
matically shown in scientific notation.

Press Display
~ Gl — -
D= [eoa ] Normal FIX 2 display.

.05 GIIED [0.05
k] - Jrd | 1.250000000-04 | Display automatically

swilched o SCI 9 10
show answer.

After automatically switching from fixed to scientific, when a new
number is keyed in or B89 is pressed the display automatically reverts
back to the fixed point display orginally selected
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The HP-67 also switches 1o scientific notation if the answer is too
large {=10"") for fixed point display. For example, the display will
nat switch from fixed if vou solve 1582000 = [842;

Press Display
1532000 EET 1582000.00
1842 B3 29714044000, Fixed poim format,

However, if you multiply the result by 10, the answer is too large
for fixed point notation, and the calculator display switches auto-
matically 1o scientific notation:

Press Display
([ ] Scientific notation

format.

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

Keying In Exponents of Ten

You can key in numbers multplied by powers of 10 by pressing [£50
{emrer exponent of [@) followed by number keys o specify the
exponent of 10. For example, to key in 15.6 trillion (15.6 = 10'),
and multiply it by 25:

Press Display

156 L E—

D 15.6 00

12 {This means 15.6 %

102,)

MNow Press Display

s

258
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You can save time when keving in exact powers of 10 by merely
pressing (75 and then pressing the desired power of 10. For example,
key in | million (10% and divide by 52.

Press Display

En You do not have to key in
the number 1 before
pressing (108 when the
number is an exact power
of 10.

6 [1._____ 0§

1000000.00 Since you have not
specified scientific nota-
tion, the number reverts
1o fixed point notation
when you press

28

To see your answer in scientific notation with six decimal places:

Press Display

o B3 6

To key in negative exponents of 10, key in the number, press [T,
press (19 to make the exponent negative, then key in the power of
10, For example, key in Planck's constant (h)—roughly, 6,625 x
107 erg sec,—and multiply it by 50,

Presy Display

CL ]
0 ) 3 2 [0.00 |
6628 66—
o) Ges  00]
7 6.625 -27

08 3.312500000-25] Erg sec.
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Calculator Overflow

When the number in the display would be greater than 9.9999999%9
® 10" the HP-67 displays all 9°s fo indicate that the problem has
exceeded the calculator’s range. For example, if you solve (1 = 10%)
# (1 % 10™), the HP-67 will display the answer:

Press Display

cLxl [ 0.00 |
e LY __1.000000000 49
| s 1,000000000 99

But if you attempt to multiply the above result by 100, the HP-67
display indicates overflow by showing you all 9°s:

Press Display
100 & [ 9.999999998 39 | Overflow indication.
Error Display

If you happen to key in an improper operation (or if o magnetic card

fails 10 read properly) the word will appear in the
display.

For example, if you attempt 1o calculate the square root of -4, the
HP-67 will recognize it as an improper operation:

Press Display
sED =y
" Yo Error

Pressing any key clears the error and is not executed. The number
that was in the display before the error-causing function is retumed 1o
the display so that you can see it.
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Press Display
-4.00

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

Low Power Display

When you are operating the HP-67 from battery power, o red lamp
inside the display will glow to wam you that the battery is ¢lose to
discharge.

| 6.02 23 Low Power Display
]

You must then connect the ac adapter/recharger to the calculator and
operale from ac power, o you must substinuie a fully charged battery
pack for the one that is in the calculator. Refer to appendix B for
descriptions of these operations.

R¥| |STK

ENTER 4 &3

R+
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The Automatic Memory Stack

The Stack

Automatic storage of intermediate results is the reason that the HP-67
slides so-easily through the most complex equations. And automatic
storage 1s made possible by the Hewlen-Pockard sutomatic memory
stack.

Initial Display

When vou first switch the calculator OM, the display shows
0.00 in RUN mode. This represents the contents of the
display or **X-register.””

Set the WPRGM-RUN switch wenow JllII rw to RUN,
Switch the HP-67 OFF, then ON.

Basically, numbers are stored and manipulated in the machine
“registers.’’ Each number, no matter how few digits (e.g.. 0, 1, or
5) or how many (e.g., 3.141592654, -23.28362, or 2.87148907 =
107y, nccupies 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-regisier on the bottom. When the caleulator is switched ON, these
four registers are cleared to zero.

Name Register
T 0.00
z . 0.00
Y 0.00
X 0.00 Always displayed.

53
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Manipulating Stack Contents

The 8 (roil down), Eroll up), and BEF(x exchange v) kevs allow
you to review the stack contents or to shift data within the stack for
cenmputation at any time.

Reviewing the Stack
To see how the B3] kev works, first load the stack with numbers |
through 4 by pressing;

4 [N 3 THED 2 1

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

400 |
300 |
2,00

1. Display.

<M A

When you press B [, the stack contents shift downward one
register. So the last number that you have keyed in will be rofaned
around 1o the T-register when you press [ E8. When you press
B [ sgain, the stack contents again roll downward one register.

When you press [ 3. the stack comtents are rotated. ..

«oofrom this... +satir this.
T 400 T 100
Z 300 Z 400
Y 200 Y 300
X |1 Display. X 200 Display .

Notice that the contents of the registers are shifted. The actual
registers themselves maintain their positions. The contents of the
X-register arc always displayed, so is now visible.
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Press [ B9 again and the stack contents are shifted. ..

lll'mm Imll% Ill’n lhhl
T [1.00 T [200 |
Z 400 Z | 1.00 |
Y 300 Y |4.00 |
X | 200 Display. X !_J_.BE | Display.

Press @ [BY twice more...and the siack shifis...

«.-through this... ...hack to the start again.

T | 300 T [4.00 |

Z 200 Z | a.00

Y 100 Y I 2.00

X 400 | Display. X 1.00 | Display.

Once again the number is in the displayed X-register,
Four presses of [ B# roll the stack down four times, retuming the
contents of the stack to their original registers.

You can also manipulate the stack coments using [ B%) (roll up).
This key rolls the stack contents up instead of down, but it otherwise
operates in the same manner as [ 7).

Exchanging x and y

The BF) (x exchange v) key exchanges the contents of the X- and
the Y-registers without affecting the Z- and T-registers, If vou press
0@ (53] with data intact from the previous example, the numbers in
the X- and Y-registers will be changed...

.ofrom this... ool this.
T |4.00 T 400
Z | 300 Z 300
Y 200 Y (100
Display. X 1.00 ;)-(:I 2.00 Display.
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Similiarly, pressing @) (53] again will restore the numbers in the X-
and Y-registers to their original places. This function can be used 1o
position numbers in the stack, whether operating manually or from a
program, or simply to bring the contenis of the Y-register into the
M-register for display,

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

Automatic Stack Review

If you wish 1o quickly review the contents of the stack at any rime,
use the [ operation. When you press [ (515, the contents
of the stack wre shifted, one register at a time, into the X-register
and displayed for about a half-second each. The order of display is
T, Z, ¥, and finally the X-register contents again. Press [
now and see the contents of the entire stack displayed. (I the siack
contents in your calculator remain intact from the previous example,
your displays should match the ones shown below):

Press Display
a (400 ]
(200 |
1.00

a operates exactly as four presses of B BY. You can see
that after displaying the contents of the entrie stack, ihe original
contents of the X-register are returmed there and displayed

While a [ operation is being performed, the decimal point
blinks twice during the display of the contents of each register. This
is to identify this function as a program pause dunng a running pro-
gram, so that you will not think the program has stopped.
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When operating the HP-67 manually from the keyboard, you can slow
down or speed up the review of the stack contents by pressing
or any other key on the keyboard while the calculator is exccuting
a [ [EE] stack review. As long as yvou hold the key depressed,
the contents of the stack register currently being displayed will remain
“frozen” in the display, permiting you to write down or examine
the number, As soon as you release the key you are holding depressed,
the contents of the next stack register to be displayed are shown,

Note: If the 1 stack review is being executad as parl
of @ running program, depressing a key to “freeze” a stack
register display will cause the program fo halt execution
after the £3 has been executed.

See section 15 for a descripnon of how this operation helps vou
interface programs that you create for your HP-67 Progrmmmable
Pocket Caleulator with the Hewlen-Packard HP-97 Programmable
Printing Calculator,

Clearing the Display

When vou press (593 (clear x). the displayed X-register is cleared 1o
zero. No other register is affected when you press (597,

Press (083 now, and the stack contents are changed. ..

...from this... «.to this.
T [400 T 400 |
z 300 z 300
¥ 1.00 ¥ 100
X 2.00 Display. X 000 | Display.

Although it may be comforting, it is mever necessary to clear the
displayed X-vegister when starting a new calculation. This will
become obvious when you see how old resulis in the stack are
amomatically lifted by new entries.
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The Key

When vou 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.

When you key in 314.32 with the sinck contents intact from previous
examples the contents of the stack registers are changed. ..

.«.firom this... «oodor this.
L T 4o
£ (300 £ 300
Y | 1.00 Y [1.00 |
X i 0.00 Display. X | 31432 Display.

In order to key in another number at this point, you must first
terminate digit entry —i.e.. you must indicate to the caleulator that
you have completed keving in the first number and that any new
digits you key in are part of 4 new number,

Use the ZIEN key to separate the digits of the first number from the
digits of the second.

When you press the ZELE] key, the contents of the stack registers
are changed...

...from this... ««oto this,

T 400 T 300

Z 300 | Z |108 |

Y 100 Y 31432

X 31432 Display. X !31‘4.32 Display.

As you can see, the number in the displayed X-register is copied
intio Y, The numbers in ¥ and Z have also been wransferred o Z

and T, respectively, and the number in T has been lost off the top of
the stack.
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Immediately after pressing EIEL, the X-register is prepared for a new
number, 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...

...from this.., vto this,

T 300 T 300

z 100 Z 100

Y 31432 Y 31432

X | 31432  Display X 54328 Display.

replaces any number in the display with zero, Any new number
then writes over the zero in X,

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

...from this... .ot this.
T 3.00 T 3.00
Z 100 zZ 100
Y 31432 Y 1432
X 54328  Display. X |0.00 Display

und then key in 689.4 1o change the stack ...

«from this... «oobo this,
T [300 T (300
Z (100 | Z 100
Y 31432 Y 31432
X 000 | Display. X | 6894  Display.

Notice that numbers in the stack do not move when & new number
is keyed in immediately after you press ZNIEE, B4, or @
:lﬂ"-:dn'_er. numbers in the stack de lift spward when a new number is

cyed in immediately after you press most other functions, including
0 ., @ 5, and @ [E3. See appendix D, Stack Lift and LAST X,
for a complete list of the operstions that cause the stack to lift. (If

you follow a regular function like @) or ) with @ ET), then key
in a number, the stack will lifi.)
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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 earlier
example, pressing I [C] changes the stack conrents,.,

«..from this... ..t this.

T 300 T |3.00

z 100 Z 100

Y 1432 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.

Two-Number Functions and the Stack

Hewlett-Packard calculators do arithmetic by positioning the numbers
in the stack the same way vou would on paper. For instance, if you
wanted to add 34 and 2| you would write 34 on a plece of paper and
then write 21 undemesth it, like this:

34
21
and then you would add, like this:

M
+21

55
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Numbers are positioned the same way in the HP-67. Here's how il
is done. (As you know, it is not necessary 10 remove earlier results
from the stack before beginning a new caleulation, but for clarity,
the following example 15 shown with the stack clepred o nll zeros
initially. If you want the contents of vour stack registers to match
the ones here, first clear the stack by using the E51 and Z0500 keys
to fill the stack with zeros, )

Press Display

o] L 000 |

ENTER [(o.00

EiED [0.00 |

EIED [ o.00 ' Stack cleared to zer0s
initially,

34 4. | 34 15 keved o X,

ZEX | 3400 | 34 15 copied into Y

21 BT 21 writes overthe 34 in X,

Now 34 and 21 are sitting vertically i the stack as shown below,
s0 we can add.

T 0.00
F 4 0.00
Y 34.00
X 21, Display.
Press Display
55.00 The answer.

The simple old-fashioned math notation helps explain how o use your
calculator. Both numbers are always positioned in the stack in the
natursl order first, then the operation is executed when the function
key is pressed. There are no exceprions 1o this rule. Subtraction.
multiplication, and division work the same way. In each cuse, the
data must be in the proper position before the operation can be
performed.
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Chain Arithmetic

You've already learned how to key numbers into the calculator and
perform calculations with them, In each case you first necded to
position the numbers in the stack manually using the EHEL key.
However, the stack also performs many movements automatically,
These automatic movements add to its computing efficiency and ease
of use, und it ts these movemenis that automatically store intermediate
results. The stack awtomatically “*lifis”" every culculated number in
the stack when & new number is keyed in because it knows that after
it completes a calculation, any new digits you key m are a parl
of a new number. Also, the stack automatically “*drops’” when you
perform a twa-number operation.

To ses how it works, let's solve
I6 =+ 30 =% 1] & 17 =17

If you press first, you will begin with zeros in all the stack
registers, as in the example below, but of course, vou can also do the
calculation without fiest clearing the stack,

Remember, too, that you can always monitor the contents of the stack
at any time by using the £ operation.

Press Stack Contents

16 | 0.00

16 18 keyved o the

| 0.00 | displayed X-register,

x <™
=1
2

e 16 is copied ino Y.

=< N
. ——
2

- 30 writes overthe 16in X.

Mo N
>
8
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16 and 30 are added
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
together. The answer, 57,

is displayed.

17 is keyed into the
X-register, 537 is
automatically entered
into Y.

57 and 17 are added
together for the
finul answer.

After any calculation or number manipulation, the stack automatically
lifts when a new number is keyed in. Because operations are per-
formed when the operations are pressed, the length of such chain
problems is onlimited unless a aumber in one of the sack registers
exceeds the range of the calculator (up to 9.999999999 = [(F),

B4 The Automatic ".-'.'Er"'llf:rf-' Stack

In addition to the automatic stock lift after a calculation, the stack
automaticaily drops during caleulations involving both X- and Y-
regisiers. It happened in the above example, but let’s do the prob-
lems differently to see this feature more clearly. For clarity, first
press to clear the X-register. Now, again solve 16 + 30 + ||

+17=7

Press Stack Contents

13 T 000
0.00
| 0.00
| 16,

o= M

ST
ey
16.00

16.00

o Mo~

30 000 |
0.00 |
16.00

30.

o <N

0.00
16.00
30.00
30.00

o< N

0.00
16.00

30.00
ir

<N

16.00
30.00
11.00

17.00

o -

[6 is keyed into the
displayed X-register.

16 is copled into Y.

30 15 written over
the 16 in X.

30 15 entered into Y.
16 is lifted up to Z.

11 is keyed into the
displayed register,

11 is copied into Y. 16
and 30 are lified up 0 T
and 7 respectively.
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17 T |718.00
Z 3000 17 is written over
Y 1100 the 11in X,
X (17
17 and 11 are added to-
B T 16.00 gether and the rest of the
Z 1600 stack drops. 16 dropsto Z
Y 3000 and is also duplicated in
X 2800 T. 30 and 28 are ready to
be added,
[+ T 1600 30 and 28 are added to-
Z 1600 gether and the stack drops
Y 1600 again. Now 16 and 58 are
X | 58.00 ready to be added,
e T 1600 16 and 58 arc added to-
Z | 16.00 gether for the final answer
Y 1600 and the stack continues to
X | 7400 drop.

The same dropping action also occurs with . £ and . The number
in T is duplicated in T and drops to Z, the number in Z drops to ¥,
and the numbers in the 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 tremendous comput-
Ing power, since you can retain and position intermediate results in
long calculations without the necessity of reentering the numbers.
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Order of Execution

When you see & problem like this one:
sx [+ -+ +dxH] +3x .23,

you must decide where to begin before you ever press a key,
Expenienced HP calculator users have determined that by starting
every problem i its innermost number or parentheses and working
outward, just as you would with paper and pencil, you maximize
the efficiency and power of vour HP calculator. Of course, with the
HP-67 vou have wemendous versatility in the order of execution.

For example, you could work the problem sbove 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 parentheses and work outward. So., to solve the problem
above:

Press Display

3 3.

ZED 3.00

4 4

[+] Cozs | Intermediate answer for
(3 + 4),

5 8,

EN TEF # [ 500 |

2 2

-] 2.50 Intermediate answer for
(52

b Intermediate answer for
B+H-(5+D)

4 & |

ENTEN 4 4.00

3 s

3 12.00 Intermediate answer for
(4 »:3),

ETF Intermediate answer for

(3+4—(3+4 +
(4 x 3),
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3 | 3,

EerEn [ 300 ]

213 213 ]

[« ] Intermediate answer for
(3 x .213).

& 16.04

5 [ s The first number is keyed
in,

a [ a0.20 The final answer.

LAST X

In eddition to the four stack registers that automatically store
intermediate results, the HP-6T also contains a separate automatic
register, the LAST X register. This register preserves the value that
was in the displaved X-register before the performance of a function.
To place the contents of the LAST X register into the display again,
press [

Recovering from Mistakes

[ESTX) makes it easy to recover from keystroke mistakes, such as pressing
the wrong function key or keying in the wrong number,

Example: Divide 12 by 2.157 after vou have mistakenly divided by

3.157.

Press Display

12 12,

EHTER & 1E.W

31578 1.80 Oops! You made a mis-
take.

[ 1] Retrieves that last entry
(3,157,

a You're back at the
beginning.

2157 The comect answer.
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In the above example, when the first £ is pressed, followed by
[LETx]. the contents of the stsck and LAST X registers are
changed. ..

l'rnmthl:... «uetrthis... soald this.
T 000 T 000 T o000
Z 0.00 Z 0.00 zZ 000
Y 1200 ¥ . D.00 Y 380
X | 3187 X 380 Dy X a6

This makes possible the comection illustrated in the example above.
Recovering a Number for Calculation

The LAST X register 15 useful in calculations where a number occurs
more than once. By recovering a number using [L57%), you do not
have to key that number into the calculatar again,
Example: Calculate

7.32 + 3.650112331

31.650112331
Press Display
1.32 T.32 |
ENTER ¢ 7.32
3.650112331 3.650112331
[+ 10.97 Intermediale answer.
a 3.65 Recalls 3,650112331 10
X-register,
B 2.01 The answer.

Constant Arithmetic

You may have noticed that whenever the stack drops becuuse of a
two-number operation {not because of [B]), the number in the
T-register is reproduced there. This stack operation can be used to
insert & constant into a problem.
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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 mt
the end of each day for six consecutive

days?

Method: Put the growth factor (1. 15) in the Y-, Z-, and T-registers
and put the original population { 100)) in the X-register. Thereafter,
you get the new population whenever you press £

Press Display

.15 1.15 Growth factor,

TR

D I
ENTER 4 1.15 Growth factor now in T.
1000 (jo00. | Starting population.
a Population after 1% day.
o 1322.50 Population after 2" day.
a8 1520.68 Population after 3™ day,
a8 1745.01 Population after 4™ day,
ELLEECEE Population after 5 day.
0 2313.06 Population after 6™ day,

When you press B3 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 fector is duplicated from the T-register each time the stack
drops, vou never have to reenter it

Notice that performing a two-number operation such as B causes
the number in the T-register to be duplicated there each time the
stack is dropped. However, the [A3] key, since it rotates the contents of
the stack registers, does not rewrite any number, but merely shifts
the numbers that wre already in the stack.

PXS

RCI]

STO

REG

STI




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-67 calculutor, In addition 1o the automatic storage of intermediate
resulls that is provide by the stack, however, the HP-67 also containg
26 addressable data storage registers that are unaffected by operations
within the stack. These registers allow you to manually store and
recall canstants or to set aside numbers for use in later calculutions.
Like all functions, you can use these storage registers either from
the keyboard or as part of a program.

Storage Registers

The diagram below shows the addressable storage registers. You can
seg that these registers consist of two banks, the primary registers
and the secondary registers, The subseripts A through E and O through
9 refer to the register addresses.

Automatic Memory Siack Addressable Storage Registers

T Primary Registers

] ] |

Y = L] I—

X L I

= L") —

n.r_:“{
L I

LASTX [ |

Secondary Registers

o | S o] —
R ] Pul — ]
Y — Pe:
Il.:___ — i Ay

A = U |
A, L —
R el
5 — L] E—

T2 Storing and Rscalling Mumbears

Storing Numbers
To store o displayed number in the primary storage registers R,
through Rg or B, through Ry

1. Press T35 (stove).
2. Press the levter key (£ through I3 ), or the number key ([g]
through (8]) of the desired primary régister address.

For example, to storg Avogadm's number (gpproximately .02 x
1P in register Ry:

Press Display
6023 23 6.02 23
i 2 £.020000000 23

Avogadro's number s now stored in register B,. You can see that
when & number is stored. it is merely copied into the slorage register,
so 602 = 10°* also remains in the displayed X-register, To store the
sguare of Avogadro's number in register Rg:

Press Display
8= 3.624040000 47
(STO NS ] 3624040000 47

The square of Avogadro’s number has been copied inio storage
register Ry and also remains in the displaved X-register.

Recalling Numbers

Numbers are recalled from primary storage registers back imo the
displuyed X-register in much the same way as they are stored. To
recall o number from any of primary storage registers R, through Ry
or By through Rg:

1. Press {50 (recall).
2. Press the letter key (I3 through 3 ), or the number key (@
through [8]) of the desired storage register address.
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For example, to recall Avogadro™s number from register Ry
Press Display
=N 2 £.020000000 23

To recall the square of Avogadro’s number from register Ra:

Press Drisplay
@0

When you recall &8 number, 1t s copied from the storage regisier
into the display, and it slso remains in the storage register. You can
recall a number from a storage register any number of times without
altering it—the number will remain in the storage register as a 10-digit
number with a two-digit exponent of 10 until you overwrite it by
storing another number there, or until you clear the storage registers,
For example, even though you earlier recalled Avogadro’s number
from storage register Ry, you can recall it mgaim:

Press Display
0 2
The I-Register

The l-register has a number of special properties that make it useful in
programming, but these will be discussed later. The simplest function
of the l-register is its usc as another of the primary storage registers in
your HP-67. To store a number in the -register, press [ 8TV (store
). To then recall that number from the l-register into the display, press
B (Rt frecall N,

Example: Three tanks have capacities in U.S. units of 2.0, 14.4,
and 55.0 gallons, respectively. If | U.S, gallon is eguivalent to
3.785 liters, what is the capacity of each of the tanks?

Method: Place the conversion constant in one of the storage registers
and bring it out as required,
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Press Display

3.785 @ &0 37 ] Constant placed in |-
register.

28 7.57 Capacity in liters of 1
tank.

1440 "1 0 Capacity in liters of 2"
tank,

550 mci @) Capacity in liters of 37
tank.

Protected Secondary Storage Registers

In addition wthe primary storage registers, vour HP-67 also provides
you with 10 secondary storage registers that are protecied; that is,
you cannot zccess the secondary storape registers directly with
R and Y. These registers are used most often by the statistical
function B3 (about which more later) and for programming purposes.
However, they can be accessed manually from the keyboard by using
the kev.

For example, in order to store a number from the displayed X-register
into secondary storage register Rgy, you first store the number in
primary register R, and then press W [C5] (primary exchange
secondary). When you press [5], the contemts of the primary
registers Ry through By are exchanged with the contents of secondary
storage registers Ry, through Rgy. No other storage or stack registers
are affected.

For example, o store 16,495,000 (the number of persons curried daily
by the Japanese National Railway) in secondary storage register Rey:

Press Display

16495000 16495000,

B8 5 [18435000.00 Number stored in register
R,

nE Al secondary registers

exchanged with num-
bered primary regisiers,
s0 number is now s

in secondary slorage
register Rgs.
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With results from previous examples intect, when you pressed [7] in
the above example, the contents of all numbered slorage registers
were exchanged,

50 the contents of the storage registers changed, ..

L from this... .10 this.
Primary Registers Frimary Registers
(R &, E— [E 2. S—
m Lo —===1 "y ———|
", My
LN — A,
i1, | THRAGE0608 4T By
Y S

Secondary Secondary
Registers Aegisters

ﬂ-g EE-——*MIE:J o 1 I— gy - - S |
Ry =L o T — LT — h%
h%:h-E mw LE
" = [T 7. T— L1 —
e = = =
LT —— === 7 T E— gL | —
R — T — [T I— gL —
e N —
" =t L A,
LT — T — fYL T S LT —

When vou press [, the coments of each number-addressed
primary storage register are exchanged with its opposite-numbered
secondary storage register, Thus, in order to bring out the numbers
that are now in the secondary storage registers, you must use the
1] keys followed by the key and the number key of the
register address. For example, to recall the number of persons carried
daily by the Jupanese National Railway, you cannot merely press
=3 5 now, since the number in primary storage register R; is 0.00:

Press Display
am s
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However, you can press -0 [ to bring the stored quantities back
into the primary storage registers, then summon the desired quantities
by pressing 58 followed by the number key of the desired address:

Press Display

B =) 0.00
5 16495000.00

Number of persons
carried daily by the
Japanese National
Railway,

When vou press [, only the contenis of the primary and secondary
registers are exchanged. The actual registers remain intact and are not
exchanged.

You can place numbers in corresponding primary and secondary
registers and recall them at will. For example, to place the nomber of
persons carnied in five days by the Japanese National Railway into
secondary register Rgs while leaving the number of persons carmied
daily intact in primary register Ry

Press Dvisplay

58 475000.00

v (e | ;

om s [eza7s00000 |

You can now use 59 5 10 summon the number of persons carried
daily, and [0 [] followed by [Z8 5 1w summon the number of
persons carnied in five days;

Press Display
o s [Te#5000:00_|
N | 16495000.00 |
s §2475000.00
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Automatic Register Review

To view the contents of any individual primary storage register, you
can recall the contents of the register into the displayed X-register.
However, you can also review the contents of all primary storage
registers by using the {register review) function.

When vou press[Y , the contents of each primary storsge register
are automatically shown by the display, beginning with register R,
and continuing through register Ry. then R, through Rg, and finally [
In addition, an address identifying the register being displayed appears
on the nght-hand side of the display preceding the storage regisier
contents. The sddresses are 0 through 9 to indicate storage registers
R through Ry, 20 through 24 to indicate registers R, through Ry, and
25 to indicate the 1-register.

{The reason for this addressing scheme will become clear loter, when
you learn about indirect addressing. }

For example, if vou have worked through the examples as shown
above, an awtomatic register review should give vou displays like
the ones shown below.

Press Display
o 0]  Address for register R,
0.00 Contents of R,
1
0.00
2
0.00

Address for register R,.
Contents of R,

o
—
O —
L 8§
[zavsaas ]
[ §

.00

¥

lu.r.'m
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Display
[
0.00
e |
(G0 ]
20
[0.00

[ 21|  Address for Ra.

3.624040000 47| Contents of Ry

H| Address for l-register.

3.79 | Contents of 1.
Original contents of
X-register.

If you wam only a partial listing of the primary storage registers,
you stop the review of them at any time by pressing [A/5] or any
other key from the keyboard. The key function is not executed.
To view the contents of the secondary storage registers, simply press
£ [ to bring those contents into the primary registers, then press
B [REE] 10 view the desired primary registers again. For example:

Press Display
& B82475000.00 |
u REG 1]
%:

1

18

[2.00
2|

E—

3

(000 ]




Storing and Recalling Numbers 79

F]
[ 0.00
5
16495000.00
&
0.00 ]
7
[066 ]
[]
[0.00
9|
0.00 |
A5 82475000.00 | When you press any key,

the putomatic review
stops and the original
contents of the X-register
are retumed to the
display.

Naturally, if you want the present contents of primary registers R,
through Ry returned to the protecied secondary registers, you must
press { (=] again,

Clearing Storage Registers

Even though you have recalled the contents of u storuge register into
1he_ displayed N-register, the number also remains in the storage
register. You can clear primary storage registers ineither of two ways:

# To replace a number in o single storage register, merely store
another number there. To clear o storage register, replace the
number in it with zero. For example, to clear storage register
Ry, press 00 2.

o To clear all primary storage registers back to zero at one time,
press (8 (Lo 550 ], This clears all primary storuge registers, while
leaving the automatic memory stuck and the secondary storage
registers unchanged.
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To clear the secondary storage registers, use the[C_] key to bring their
contents into the primary registers, then clear those registers in cither
of the methods described above.

For example, to clear storage register Ry, only, then to clear all primary
registers. and finally all secondary registers:

Press Display

0 o 0,00

6] ._ﬁjﬁ Ry contents have been
cleared 1o zero.

o &5 XL All primary registers
cleared to zero. Sccond-
ary regisiers remiain
intact,

REG) [ ]

0.00

SR

[ —
ele.

¢ fans Contents of secondary
registers exchanged with
primary registers.

G Al storage registers have
now been cleared to zero,

0 @ —

(000 ]
2= — -J
(o ]

eic.

Notice that the stack registers nemain intact when you press’ - [
To clear the displayed X-register, of course, you can press 8.
To clear the entire stack, press EHTER + JENTER o JRENTER 4
{Because of the automatic lift and drop of the stack, you should never
have to clear it.) When the caleulator is tumed ON, it **wakes up”’
with the stack and alf storage registers cleared Lo zero, so tuming the
calculator OFF, then OM clears the stack, the storage registers, and all
program information. (This also should never be necessary. )
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Storage Register Arithmetic

¥You can, of course, perform arithmetic {or any other funchion) in the
normal manner by recalling and wsing the contents of any storage
register just as if i were o number you keyed in. The HP-67 also
permits you to perform stormage register arithmetic in storage registers;
that is, arithmetic upon the contents of the selected register,

Storage register arithmetic can be performed directly upon the contents
of primary registers Ry through R, only; i cannot be performed
directly upon any other storage register. {However, storage register
arithmetic can be performed indirectly vpon the contents of any
slorage register, as you will see 1n section 12, Using the
I-Register for Indirect Control. )

To perform storage register arithmetic directly, press B followed
by the arithmetic function key followed in tum by the number key
([@] through (8]} of the primary register address. For example:

Press Result

(5T I MNumber in displayed X-register added to contents of
primary storage register R,, and sum placed into R,;
(r; +x=—+R,).

Bl 2 Number in displayed X-register subtracted from
contents of primary storuge register Ry, and difference
placed into R (ry — x == Ry).

0 2 Number in displayed X-register multiplicd by contents
of primary storage register Ry, and the product placed
into Ry: [iry) x = R; .

B 4 Contents of storage register R, divided by number in
displayed X-register, and quotient placed into register
R (r +x =Ry,

When storage register arithmetic operations are performed, the
answer is wrilten into the selected storage register, while the contents
of the other storage registers and the displayed X-register and the rest
of the stack remain unchanged.

a2 Storing and Recalling Numbers

Example: During harvest, farmer Flem
Snopes trucks tomatoes to 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 535 per ton. On
Wednesday the price rises 1o $57.50
per ten, and Snopes ships loads of 26
tons and 28 tons. If the cannery deducts L=
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?

Press Display

25 b

93 238 94.00 Total of Monday's and
Tuesday’s tonnage.

5508 [5170.00 | Gross amount for
Monday and Tuesday,

B3 5 Gross placed in storage
register B,.

2@ Deductions for Monday
and Tuesday.

Bs Deductions subtracted

from total in storage
register Ry.
Wednesday s tonnage.
Gross amount for
Wednesday,
Wednesday's gross
amount added to total in
storage register Rs.

26 1N 28 5400 |
57.503 3105.00

GEes (370500 ]

ipE Deduction for
Wednesday.
(570§ - ] 93.15 Wednesday's deduction

subtracted from total in
storage register Rs.
Snopes’ total net income
from his tomatoes.

5 807845
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(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 a storage register arthmetic operation that would cause
the magnitude of 8 number in any of the storage registers (o exceed
9990090900 % 107, the operation is nol performed and the HP-67
display immediately indicates | Error I .

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

For example, if you siore 7.33  10P* in primary register R, and
attempl to use storage register arithmetic to multlpl;.r that value by
107, the HP-67 display will show :

Press Display
1.33 7.33
Ex 52 7.33 52
1 [7.330000000 52|
mm 50 —
o< [Eror |

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

CL ) 1.000000000 50| Conienis of X-register.
1 7.330000000 52| Contents of storage

register R,

S+
((og) (&




Section 5
Function Keys

The HP-67 has dozens of internal functions that allow you o 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.

To use #ny of the keys manually, first ensure that the W/PRGM-
RUN switch wenow [lIMAus s se1 o RUN,

Number Alteration Keys

Besides [0, there are four kevs provided for altering numbers in the
HP-67, These keys are [, B8], [, and [FRAC], and you will
find them most useful when performing operstions as part of a
program.

Rounding a Number

As you know, when you change display formats with one of the dis-
play control keys (1, , EnG |, or ), the number maintains
its full value to 10 digits multiplied by a two-digit exponent of 10
no matter how many digits you sce. When you press the U7 prefix
key followed by the [ (round) key, however, the number that is
in the display becomes the actwa! number in the calculmtor. For
example, key in the nomber of cubic centimeters in one cubac inch,
16.387064 and round it 10 two decimal places:

Press Display

16.387064 [ 16.387064 |

E 2 | 16.39 2 Number rounded to two
decimal places in display.
Maintains entire value
internally,

1] [763% | Number rounded 1o two

decimil places internally.

86 Function Keys

CE & FIX 6 display shows
that number has been
rounded .

[LsTy] 16.387064 | The original number,

2 16.39 Display mode reset to

FIX 2.

A fixed point number that has underflowed 1o scientific notation
display is rounded to 0.00 by the [50] function,

Absolute Value

Some calculations require the absolute value, or magnitede, of a
number. To obtain the absolute value of the number in the displayed
Mopegister, press the @ shift key followed by the {absalure
value) key. For example, 10 calculate the absolute value of —3:

Press Display

3 -3

D 3.00 [-3]
To see the absolute value of +3;

Press Display

0 (=) | +3]

Integer Portion of a Number

To extract and display the imeger portion of a number, press the
B prefia key followed by the [0 (integer) key. For example, 10
display only the integers of the number 123 456:

Press Display
123.456 [123.456
0 [+ 123.00 Only the integer porion

of the number remains.

When I [T] is pressed, the fractional portion of the number is
lost. The entire number, of course, is preserved in the LAST X
register.
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Fractional Portion of a Number

To extract and display only the fractional portion of a number, press
the [} prefix key followed by the [FR2C] (fraction) key. For example,
1o see the fractional portion of the 123,456 used above:

Press Display

o Summons the original
number back o the
X-regisier.

8 Omly the fractional

portion of the number is
displayed, rounded here
o FIX 2 display.

When 0 is pressed, the integer portion of the number is lost.
The entire number, of course, is preserved in the LAST X register.

Reciprocals

To caleulate the reciprocal of a number in the displayed X-register,
key in the number, then press B3 (. For example, to calculate the
reciprecal of 25:

Press Display
350 @

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

B8 Function Keays

Example: In an electrical circuit, four resistors are connected in
parallel. Their values are 220 chms, 560 ohms, 1.2 kilohms, and 5
kilohms. What is the total resistance of the circuit?

RT =
S BN S
R| R; R; RI
= 1
1 1 .1
220 560 1200 5000

Press Display

il » N 4.545454545-03]

5600 1.785714286-03

001

1200 @

c [ I—

5000 @ 2.000000000-04]

0.01 | Sum of reciprocals.

[h] | 135.79 The reciprocal of the sum
of the reciprocals vields
the answer in phms.

Factorials

The M| (factorial) key permits you to handle permutations and
combinations with ease. To caloulate the factorial of a positive integer
in the displayed X-register, press @ ",

Example: Calculate the number of ways that six people can line up
for o photograph,

Method: P = 6! =6 x5 x4 x3 x2 x|,

Press Display

6 6. ]
[h | 720.00 The answer.

The calculator overflows for factorials of numbers greater than 69.
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Square Roots

To calculate the square rool of a number in the displayed X-register,
press 10 [, For example, lo find the square root of 16:

Press Display

15l E 4.00

To find the square root of the result:

Press Display
Tm]
Squaring

To square & number in the displayed X-repister, press [ [&7]. For
example, to find the square of 45:

Press Display

4580 [ 2025.00 !

To find the square of the result:

Priss Display
B 4100625.00 |

Using Pi

The value w accurate 1o 10 places (3. 141592654) 15 provided ss a
fixed constant in the HP-67. Merely press [ [7] whenever you need
it in a caleulation. For example, to calculate 3m

Press Display
mE@o [5.42 .

a0 Function Keys

Example: In the schematic diagram below, X is 12 kilohms, E is
120 volts, and £ is 60 Hz. Find the inductance of the coil L in henries
XL

sccording to the formula: L =

Lo X 12,000

2al 2w x 6l
Press Display
12 G 3 EEED [ 1200000 |
2@ [ 6000.00 |
o= 1909.86
60 [a183 ] Henries.

Percentages

The [0 key is a two-number function which allows you to compute
percentages. To find the percentage of a number:

1. Key in the base number,
2, Press SiaD,

3. Key in the number representing percent rate,
4, PressEB (0.

The formula used is:——2 = &
OFMilia used 18 lm
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For example. to calculate a sales tax of 6.5% on 1 purchase of
$1500:

Press Display

1500 SEED [7500.00 Base number.
6.5 [65 Percent rate.
nE The answer.

6.5% of $1500 is $97.50.

In the above example, when [l [ is pressed, the calculated answer
wriles over the percentage rate in the X-register, and the base number
is preserved in the Y -register,

When you pressed I [0 the stack contents were changed...

««from this... wealti this.
T 000 T o000
Z o000 P (e |
Y 1500.00 Y 150000
X 6.5 X 97.50

Since the purchase price is now in the Y-register and the amount of
tax i4 in the X-register, the total amount can be obtained by simply
adding:

Press Display
1587.50 | Total of price and sales

tax combined.

Percent of Change

The (5] {percent of change) key is a two-number function that gives
the percent increase or decrease from Y 1o X. To find the percent
of change:

1. Key in the base number (usually, the number that happens
first in time),

2, Press EHED,
3. Key in the second number.
4, Press B [BGH]

92 Funchion Keys

Example: Find the percent of increase of your rent 10 yeuars ugo
(570 per month) to today (3240 per month),

Press Display

70 ZER 70.00

2400 242.86 Percent increase.
The formula used is:w = GCH.

Trigonometric Functions

Your HP-67 provides you with six trigonometric functions, which
operate in decimal degrees, radians, or grads. You can easily convert
angles from decimal degrees to radians or vice versa, and you can
converlt between decimal degrees, and degrees, minules, seconds,
You con also sdd angles specified in degrees, minutes. seconds
directly, without converting them to decimal.

Degrees/Radians Conversions

The [ and ) functions are used o convert angles between degrees
and radians, To convert an angle specified in degrees to radians,
key in the angle and press @) 3. For example, to change 45"
1o radians:

Press Display
45 5.
o&E (079 Radians.

To convert an angle specified in radians to decimal degrees, key
in the angle and press ©© [, For example, to convert 4 radians 10
decimal degrees:

Press Display

4 ——
+ Jam 229.18

Decimal degrees.
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Trigonometric Modes

For trigonometric functions, angles can be sssumed by the calculator
16 be in decimal degrees, radians, or grads. When the HP-67 is first
turned OM, it “"wakes up”” with angles assumed to be in decimal
degrees. To welect radians mode, press [ Aeo) (radians ) before using
atrigonometric function. To select grads mode, press B 16R01 (grads |
To select decimal degrees again, press [ 0EG (degrees).

Note: 360 degreas = 400 grads = 2w radians

Functions
The six trigonometric functions peovided by the calcularor are:

] (xine)
8 ) farc sine)
0 2 (cosime)
B 3 rarc cosine)
O [ frangent)
B [ jare tangen)

Each trigonometne function assumes that angles are in decimal
degrees, radians, or grads, depending upon the tnigonometric mode
selected,

All trigonometric functions are one-number functions, so 1o use them,
you key in the number, then press the function key(s).

Example: Find the cosine of 357

Press Display
38 [35. =
0 E&E |0.82

The HP-67 **woke up'* in degrees mode when you first umed it ON.,

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

Press Display

0 reao 082 Selects radians mode.
(Results remain from
previous example. )
2 J S 1.30 Radians

a4 Function Keys

Example 3: Find the tangent of 43.66 grads.

Press Display
0 oo Selects grads mode.

{Results remain from
previous example. )

431 66 4366 |
o &3 (082 | Grads.

Hours, Minutes, Seconds/Decimal Hours
Conversions

Using the HP-67, you can change time specified in decimal hours
0 hewrs, minuies, seconds format by wsing the CHNE] (10 howrs,
minutes, seconds) key: you cun ulso change from hours, minures,
seconds to decimal hours by using the [55] fro hours) key.

When a time is displayed or printed in howrs, minutes, seconds
formar, the digits specifying howrs occur to the left of the decimal
point, while the digits specifying minurtes, seconds, and fractions of
seconds ocour to the right of the decimal point.

Hours, Minutes, Seconds Dispiay

A
|

Hours r T Tenths of @ Second
Minutes Seconds

To convent from decimal hours © hours, minues, secomds, simply
key in the value for decimal hours and pressEl [EH¥E]. For example,
to change 21.57 hours to fowrs. minuies, seconds:

Press Display
21487 Loty |
s I [21.5700 ]

4] 21,3412

Key in the decimal time.
Reset display format to
FIX 4.

This is 21 hours, 34
minutes, |2 seconds.
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Notice that the display is not sutomatically switched 1o show you
more than the normal two digits after the decimal point (FIX 2),
so to see the digits for seconds, you had 1o reset the display format
to F1X 4.

To convert from howrs, minutes, seconds to decimal hours, simply
key in the value for hours, minutes, seconds in that format and press
[0 . For example, to convert 132 hours, 43 minotes, and 29.33
seconds to its decimal degree equivalent:

Press Display
132.432933 132.432933 | This is 132 hours, 43

minutes, 29,33 seconds,

¢« OB 132.7248 This is 132.7248 hours.
(FIX 4 display remains
specified from previous
example. )

Using the and [ operations, you can also convert angles
specified in decimal degrees to degrees, minutes, seconds, and vice
versa. The format for degrees, minutes, seconds is the same as for
howrs, ministes, seconds.

Example: Convert 42.57 decimal degrees to degrees, minutes,
seconds,

Press I¥isplay
4257 42.57 Key in the angle.
[ > J TS| 42.3412 This means 42°34" 12",

(Display assumes FIX 4
notation remains spec-
ified from previous
example. )
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Example: Convert 3878 56,7" 1o its decimal equivalent,

Press Display

38.08567 [38.08567 | Key in the angle.
i o 38.1491 Answer in decimal

degrees. (FIX 4 display
specified from previous
examples.)

Notice that you had to key in 8' as 08,

Adding and Subtracting Time and Angles

To add or subtract decimal hours, merely key in the numbers for the
decimal hours and press B3 or 8. To add howrs, mimutes, secomds,
use the {add hours, minutes, seconds) key.

Likewise, angles specified in degrees, minutes, seconds are added by
pressing

Example: Find the sum of 45 hours, 10 minutes, 50,76 seconds and
24 hours, 49 minutes, 10.95 seconds.

Press Display

45.105076 45.105076

TIED [ 457051 | FIX 4 notation from
previous example.

24491095 24.491085

0 (FE+] [70.0002

ED s 70.00017%

To subrract a time specified in howrs, minutes, seconds from another
{or o subtract an angle specified in degrees, minures, seconds),
simply use the 573 key to make the second tfime (or angle) negative,
then add with the f"l-__ll%'iz key.
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Example: Subtract 142.78" from 312°32°17", with the unswer in
degrees, minites, seconds format.

Press Display

3123217 312.3217

ENTER o  312.321700 | FIX 6 from previous

i example,

142,78 [ 142.78 Decimal degrees,

[ a] [ 142469800 | To degrees, minutes,
seconds,

ED - 142 464500 Angle made negative,

(1] 169452500 This is 169°45'20",

E32 169.45 Display mode reset o
FIX 2.

In the HP-67, trigonometric functions assume angles in decimal
degrees, decimal radians, or decimal grads, so if you wanl 1o compule
any trigonometric functions of an angle given in degrees, mimures,
and secomds, you must first convert the angle to decimal degrees,

Example: Lovesick sailor Oscar
Odyssens dwells on the island of
Tristan da Cunha (37°03'S, 12718"W),
and his sweetheart, Penelope, lives on
the nearest island. Unfortunately for
the course of true love, however,
Tristan da Cunha s the most isolated
inhabited spot in the world. If Penelope
lives on the island of St. Helena
(I5"55'5, 5°43'W), use the following
formula to calculate the grear circle distance that Odyssens must sail
in order to court her.

Distance = cos™* [sin (LAT,) sin (LAT,) + cos (LAT,) cos (LAT,)
cos (LNGy — LNG,)] = 60.

Where LAT, and LNG, = latitude and longitude of the source
{Tristun da Cunha).

LAT; and LNG,; =latitude and longitude of the destination.

g8 Function Keys

Solution: Convert all degrees, minutes, seconds entries into decimal
depgrees as vou key them in. The equation {or the great circle distance
from Tristan da Cunha to the nearest inhabited land is:

Distance = cos™ [sin (37°03") sin (15°55") + cos (37°03")
cos (15755") cos (5°43" — 12°18")] x 60

Press Display
0@ e

Selects degrees mode.
(Display assumes no
results remain from
previous examples.)

5430 572

nRBEOES -6.58
o 099 |
1555 @D Em 1 [ 1592 |
nE [ 096 |
o [ 096 ]
DS E o[ 8705
o= [ 080 |
a

=3 omEa
@ eE [0z |
a

| 0.53
4] EIF
60 2 1315.41 Distance in nautical

miles that Odysseus must
sail 1o visit Penelope.

Polar/Rectangular Coordinate Conversion

Two functions are provided for polar/rectangular coordinate
conversions. Angle 8 is assumed in decimal degrees, radians, or

IDEG|, RAD|, or GRD|,
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In the HP-67, angle # is represented in the following manner:

To convert from rectangular x, ¥ coordinates to polarr, @ coordinates
{magnitude and angle, respectively):

—_

Key in the y-coordinate.

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

Key in the x-coordinate,

. Press @ FF (ro polar). Maognitude r then appears in the

X-register and angle # is placed in the Y-register. (To display
the value for #, you can press [ [53).)

The following diagram shows how the stack contents change when
you press B 3

t i T
z z z
= Iﬂ-ﬂ]lﬂ ¥

X

— n'u-.g.'nil'udl r

100
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Ta convert from polar r, # coordinates to rectangular x, v
coordinates:

I
2,

i
4.

Key in the value for the angle 8

Press IO 1o raise the value for # 1o the Y-register of the
stack.

Key in the value for magnitude r.

Press [0 5 fto rectangular). The x-coordinate 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 @ B3).)

The following disgram shows how the stack contents change when

you press [F 3
T t T
Z | r z Fa
¥ angle 9  —= ) ~» y-coordinate Y
X | magnitude r —a= . —= | x-coordinate] X

After you have pressed 0 [ or B 5, you can use the [£57] key
to bring the caleulated angle # or the caleulated y-coordinate into the
X-register for viewing or further calculation.

Example 1: Convert rectangular coordinates (4, 3) to polar form with
the angle expressed in radians,
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Press Display

B mao Radians mode selected.
(Display assumes no re-
sults remain from
previous examples, |

3 IED 3.00 y-coordinate entered into
the Y-register,

4 | x-coordinate keyed into
the X-register,

u B 5.00 Magnitude r.

0 =7 .64 Angle @ in radians.

Example 2: Convert polar coordinates (8, 120 grads) o rectangular

coordinates.

Press

0@ cro 064 Grads mode selected,

(Note that resulls can
remain from previows

examples. )

120 E5ED (12000 | Angle # entered into the
Y- register.

8 Magnitude r placed in
displayed X-register.

0nE= =2.47 X-coordinate.

aE) 761 ] y-coordinate brought

into displayed X-register.
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Example 3: Engineer Tobias Slothrop has determined that in the RC
circuit shown above, the total impedance is 77.8 ohms and voluage
lags current by 36.5°. What are the values of resistance R uand

capacitive reactance X in the circuil?

Method: Draw a vector diagram using ttal impedance 77.8 ohms for
polar magnitude r and —36.5° for angle #. When the values are
converted 1o rectangular coordinates, the x-coordinate value yields
resistance R in ohms, and the y-coordinate value yields reactance X,
in ahms.

Solution:
Press Diisplay
D oec Degrees mode selected.

{Note that results can
remain from previeus
examples.)



Funclion Keys 103

36.5 (D) (365 |

EHED =

77.8

= (8258 | Resistunce R in ohms,
[ n JE50) [4s28 | Reactance X, 46.28

ohms, available in
displayed X-regisier.

Logarithmic and Exponential Functions

Logarithms
The HP-67 computes both natural and common logarithms as well
as their inverse functions (antilogarithms);

B 3 is log. (namral log). It takes the log of the value in the
X-register 1o base e (2.T18...).

B[ isantilog, (natural antilog). It raisese (2.718. ) to the power
of the value in X-register. (To display the value of e, press
1 @E

I =] s logye (commeon log). It computes the log of the value in the
X register to base 10.

5 ] is antilog,, (common antilog). It raises 10 o the power of the
value in the X-register.

Example 1: The 1906 San Francisco eanthquake, with a magnitude
of 8.25 on the Richier 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 = (Iﬂg '?5 )

Solution:

Press Display

8.25 ENED 825

1050 = 2.02

= 6.23 Rating on Richter scale,
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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 s2a level pressure
(30 inches of mercury) he climbs until
the barometer indicates 9.4 inches of
mercury. Although the exact relation-
ship of pressure and altitude is a
function of many factors, Quarmonea
knows that an approcimation is given by the formula;

) 30 30
Altitude (feet) = 25,000 ——— = 25, i
el Pressume e 9.4
Where is Jason Quarmorte?
Solution:
Press Display
30 ZED 3000 |
0.4 B 3.19
)| 1.16
25000 [25000. |
0 (2901279 | Altitude in feet.

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

Raising Numbers to Powers

The (¥ key is used 10 raise numbers 1o powers. Using [ ) permits
you o raise p positive real number 10 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 vou to raisc any
negative real number to the power of any integer (within the cal-
culating range of the HP-67, of course),
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For example, to calculate 2° (that is, 2 X 2 X2 X2 X2 X2 K2 KD

x 20

Press

2 [DIED 9
o

Display

w ===

To calculate B='**7;

Press

LJENTER 4
1.2567 @03
L B

Display

[ 800
-1.2567
0.07

To calculate (—2.5/%

Press

25ED EEED [250 ]
5 5

)]

Display

-87.66

In conjunction with (7, 7] provides a simple way to extract roots.
For example, find the cube root of 5. (This is equivalent to 5% )

Press

s D
i@
[ v

Display

5.00
033
1.7

Reciprocal of 3.
Cube root of 3.
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Example: In a ruther overoptimistic
effort to break the speed of sound, high-
flying pilot ke Daedalus cranks open
the throitle on his surplus Hawker
Siddeley Harrier mircraft. From his
instruments he reads a pressure altitude
(PALT) of 25,500 fect with a calibrat-
ed airspeed (CAS) of 350 knots, What
is the fTight mach number

M= speed of aircraft
speed of sound

if the following formula is applicable?

o [ B A e nd "}

Method: The most efficient place to begin work on this problem is at
the innermost set of brackets. 50 begin by solving for the quantity

150 = and
e proceed outward from there.

6615

Press Display

350 (TIEN

661.5 (a5 ]

B&E (038 | Square of bracketed
quantity.

28 0.06

1 1.06

is@E REL

18 0.21 Contents of left-hand set

of brackets are in the
stack.
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| G

6.875 3 6 |6.875 ~08 |

fenTen 4] [6.E75000000-06 |

15500 B3 [078

- | [os2a

5.2656 B (278 Contents of right-hand sat
of brackets are in the
stack,

o 0.58

18 1.58

286 @ & 1.19

- 0.14

503 0.70

oE 0.84 Mach number of

Daedalus” Harrier.

In working through complex equations like the one containing six
levels of parentheses above, you really appreciate the value of the
Hewlen-Packard logic system. Because you calculate one step &t &
time, you don't get “lost’” within the problem. You see every
imermediate result, and you emerge from the calculation confident of
your final answer.

Statistical Functions

Accumulations

Pressing the B3 key putomatically gives vou several different sums
and products of the values in the X- and Y-registers at once. In order to
mike these values accessible for sophisticated statistics problems,
they are automatically placed by the calculator into secondary storage
registers Ry, through Reg. The onldy time that information is autormali-
cally accumulated in the siorage regisiers {s when B3 (or T-) is
used. Before you begin any caleulstions using the 55 key, you should
first clear the protected secondary storage registers by pressing 1
followed by B £.
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When you key a number into the display and press the [0 key,
each of the following operations is performed:

1. The number that you keyed into the X-register is added to the
contents of secondary storage register Roy; (Zx — Ra,),

2. The square of the number that you keyed into the X-register
is sdded 1o the contents of secondary storage register Res,
(Ex* = Ray).

3. The number in the Y-register of the stack is added to the coments
of secondary storage register Rag (Zy — Rayg).

4. The square of the number in the Y-register of the stack is added
to the contents of secondary storage register Rers (Zy® = Res)

5. The number that you keyed into the X-register is multiplied by
the contents of the Y-register, and the product added to the
contents of storage register Rge (Zxy — Ryq),

6. The number | is added to storage register Ry, and the total
number in Rgy then writes over the number in the displayed

-regi i stack does not lift;
K-register of the stack. The stac I“"C: :l,?fm]

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

Thus, when you press (2, the stack contents are changed. ..

...from this. .. ...t this.
T ¢ 3
Ef = F A
Y ¥ Y ¥
X X n
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... and the storage register contents are changed. .

...from this... ...t this.
Asdrassanls Storage Registors Aomrecsahie Slorage Regalen

Prisnary Aogiaters Primary Registers

5 T— r 1

e —— ] [ E——

R ] i )

) E— Re[ ]

] B— o) —

L R[]

Prolecied Prolecied
Secondaty Regislers Secandary Regisbers

Ay ] R— A | G
R ] welf— L L FTE

Fir ] R ] ) S R, Y i T
A, ] P | Ay | Ry [Ir

A — Y — By Rl ]
Y Y —— A [ | RulE |
M R o e (W s
A ] Ml A 1 S ; 1 r—|
A ] Ry A 1 Pl ]
3 s I — Y e Y i——

Before you begin accumulating results in secondary storage regisiers
Rqy through Ry, using the 23 key, you should first ensure that the
contents of these registers have been cleared to zero by pressing
0 = followed by I 2.

Mote: Unlike slorage register arithmetic,the =23 funclion

allows overflows (e, numbers whose magniiudes are

greater than 8 99999685859 « 10%) in slorage registers A,

g;u:.:gh Ra, without registering in the
play.

After you have accumulated these products and sums using the

key, they remain in the secondary storage registers, where they are

#r:éd 1o compute mean and standard deviation using the [ and (5
nciions,
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To use onfy the Ex and Ey that you heve accumulated in the secondary
storage registers, you can press (28 followed by 32 This brings x
into the displayed X-register and Zy into the Y-register, overwriting
the contents of those two stack registers. The stack does not lift. {This
feature is pamticularly useful when performing vector arithmetic, like
that illustrated on pages 118-120.)

To use any of the summations individually, simply exchange the
contents of the secondsry storage registers with the primary registers
by pressing []; then recall the desired summation by pressing
[E8 followed by the number key of the register address,

Example: Find Xx, Xx*, Ty, Ey? and Exy for the paired values of
x and y listed below.

Ensures that storage
registers Ry, through By,
contain all zeros initially.
(Display assumes no
results remain from
previous cxample. )

7T (700

s/ 1.00 First pair s accumulated;
n=1l.

5 EIED

il 200 Second pair is accumu-
lated; n = 2.

: Ex—

£ [3.00 } Third pair is accumi-
lwied; n = 3.

@ (300 ] Brings contents of

secondary registers into
primary registers.
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4 16.00_ Sum of x values from
register By,

5 Sum of squares of x
vilues from register By,

o 6 Sum of y values from
register Rg.

7 [i55.00 Sum of squares of ¥
values from register R;.

AcL 22.00 Sum of products of x and
v values from register R,

= 9 3.00 | Number of entries (n = 3).

By using the ] function in conjunction with the B3 key, you can
actually maintain mwe complete sets of products and sums in your
HP-67.
Mean

The[Z] fmean) key is the key you use to calculate the mean {arithmetic
average) of data accumulated in secondary registers Ry, Rgs, and
Rss. When vou press I [

I. The mean (X)of x is calculated using the data sccumulated in
register Ra, {Zx) and Ry, (n) according to the formula:

i=+i x (Thmus. -i)

=1
The resultant value for X is scen in the displayed X-register,

Ra
R

2, The mean (¥} of v is calculuted using the data secumulated in
register Rgy (Zy) and register Rey (n) according to the formula:

i
. 1 Rj.'l e
= — That is, —— =
F =& ( ™ :r)

The resultant value for § is available in the Y-register of the
stack
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Although you could place data in the accumulation registers manuaily
using the [] and B8 keys, the casiest way o sccumulate the
required data in the secondary storage registers is through the use of
the I3 key as described above,

Example: Below s a chart of daily

high and low temperatures for a winter g ;
week in Fairbanks, Alaskas, What are mig= .
the average high and low temperatures B L
for the week selected? g i
wi=
=ju
af="
Sun. Mon. Tues. Wed. Thurs. Fri. Sat
Hgh [“@ ] 11 ] 14| 12 5 [ 2] 9]
Low -22 -17 =15 -8 =24 -2 =35 |
Press Display

o=@ | 000 | Ensures that secondary
registers contain all zeros
initially. (Display
assumes no results re-
muin from previous

calculations.)

En TER + ]

2 & 1.00 Number of data pairs
(n} s now .

11 EiED 17

ES = 200 | Numbher of data pairs
(n) is now 2.

14 ZIEED 5

B [ 300 ]

12 EiED ¢

o = 4.00

s EEED 24

@
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2ED EEED
29 ED @
9 ED ENED
IED D Number of data pairs
(n) is now T
aE -21.57 Average low temperature.
(] 5.29 Average high

lemperature.

The illustration below represents what happens in the stack when you
press B Gl Press 10 (2] and the contents of the stack registers are

changed.

..from this. ool this.
T t ——- I T
F 4 [ —— 2 z
Y | y | —elou L F N
X [ w | | X
Standard Deviation

The (5] (srandard devigion) key is the key vou use o calculate the
standard deviation (a measure of dispersion around the mean) of data
sccumulated in secondary storage registers Ry through Ry

When you press [J [5]:

1. Sample x standard deviation (s,) is colculated using the data
accumulated in storage registers Ras (Zx%), Reo (Zx), ond R,
(n} according 1o the formula:

The resultant value for standard deviation of x (s,) is seen in
the displayed X-register,
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2. Sample y standard deviation (s,) is calculated using the data
accumulated in storage registers Ror (Ev%), Ry (2¥), and Ry,
in) according 1o the formula:

=yt = --—-:"-'—---"En
» = n=1

The resultant value for standard deviation of y (8,) is available
in the Y-register of the stack,

Thus. with data first accumulated in secondary storage registers Rq,
through Rsy, when you pressi (5], the contents of the stack registers
are changed...

ofrom this... ...t this.

T t ] t T
Z 1 — z IZ
Y ¥ —= [(35] _ir Iy
X = 5 X

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

Example: In a recent survey to deter-
mine the age and net worth (in millions
of dollars) of six of the 50 wealthiest
persons 0 the United States, the fol-
lowing data were obtained (sampled).
Calculate the average nge and net worth
of the sample, and calculate the
standard deviations for these two seis
of data,
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Age |62 S8 s2 73 84 68
NetWorth |1200 1500 1450 1950 1000 1750

Press Display

1] o= [000 Ensures thal secondary
storage registers used for
accumulstions are clenred
tor zero initially. (Display
assumes no results remain
from previous examples. )

Mumber of data pairs
injis I,

62 SHED 12003 | 1.00

58 THLD 1500 [2.00 ]
62 ZIED 145060 SW

73 EOIED 1950 ED
84 THED 1000
68 TIED 175060 ﬁ m Number of data pairs
in)is f.
1475.00 Average value of net
e Gases ] A
[ h JESN) (6785 | Avernge age of the
sample.

Standard deviation {s,)

o B0 [347.49
of net worth of sample
0 =9 9.52 Standard deviation (s,

of age of sample.

If the six persons used in the sample were actually the sie wealthiest
persons, the data would have o be considered as a population
rather than as a sample. The relationship between sample standard
deviation (s) and the population stundard deviation (@) is illustrated
by the following equation.
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Since n is automatically accumulated in secondary register Rgy when
dara is accumulated, it is a simple matter to convert the sample
standard deviations which have already been calculated to population
standard deviations,

If the accumulations are sill intact from the previous example in
secondary registers R, through Ry, you can calculate the population
standard deviations this way:

Press Diisplay

oE (347.49 Calculate s, and s,.

a =s [0 | Recall n

18 [500 | Calculate n = 1.

et 0 + [083 ] Divide n = | by n.

oE0 (a7 | Population standard
deviation o,

[ 1 WEEK]| (952 ] Brings s, to the
X-register,

0 57y [asr | Recall conversion factor,

] [ass | Population standard

deviation o,

Remember that the accumulations must always be stored in the
secondary bank of storage registers, Thus, If you have sccumulated
data using (53 and then brought the summations out o the primary
registers for viewing using [[2], you will have w replace them in
|heElsecmda:y registers by pressing () again before pressing [
or [s].

Deleting and Correcting Data

If you key in an incorrect value and have not pressed (33, press
and key in the correct value.

If one of the values is changed, or if you discover afler you have
pressed the &1 key that one of the valoes is in error, you can correct
the summations by using the £- {summation minis) key as follows:

I. Key in incorrect data pair into the X- and Y-registers. (You
can use to retum @ single incomect dass value 1o the
displayed X-register.)
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e

Press [ == to delete the incormect data,

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

4, Press (@3,

The correct values for mean and standard deviation are now ohtainable

by pressing @ (] and B [&].

For example, suppose the poorer 62-year old member of the sample as
given above were to lose his position as one of the wealthiest persons
because of a series of ill-advised investments in cocoa futures. To
account for the change in data if he were replaced in the sample by
a 21-year old rock musician who 1s worth 1300 million dollars:

Press Display
o0& 688 )

Accumulations replaced
in secondary storage

Tegisters.

62 EIED 1200 [r200. | Data to be replaced.

[ h [ 500 | Number of entnes (n}
is now five,

21 E5ED 1300 1300. The new data

800 | Number of entries (n)
is six again,

The new data have been calculated into each of the summations
present in the secondary storage registers. To see the new mean and
standard deviation:

Press Display
na (14167 |
0 =1 [61.00

The new average

{mean) worth.

The new average (mean)

nge available
-register for use.

The new standard

deviation for worth.

0E (33878 ]

118 Function Keys
Press Display

0 =2 _21.60

The new standard
deviation for age is now
available in X-register
for use.

Vector Arithmetic

You can use your HP-67 to add or subtract vectors by combining the
polarirectangular conversion functions (the 78] and [T keys) with the
summation functions (the 3 and = keys).

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

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

150 Knots T 40 K nols




45 TN

150

oE

0E

[ R

Display
C—
ECELa
(000 ]

Function Keys 118

Ensures that secondary
registers used for
accumulutions are
cleared to zero. (Dis-
play assumes no results
remain from

previous examples. )

## for 1% vector is entered
to Y-register,

r for 1" vector is keyed
in.

Converted to rectangular
coardinates,

1* vector coordinates
accumulated in storage

#for 27 vector is entered
to Y-register.

r for 2" vector is keyed
n.

27 vector is converted 1o
rectangular coordinates.

2™ vector rectangular
coordinates subtracted
from those of 1* vector,
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Press Display

= @
o o
[ NESS))

Recalls both R, and R,

Actual ground speed in
knots of the Swordfish.

Course in degrees of the
Swordfish.
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Soction 6
Simple Programming

If you read the introduction to this handbook, you have alresdy seen
that by using the programming capability of your HP-67, you can
increase the flexibility of the caleulator a hundredfold or more, and
you save hours of time in long computations,

With your HP-67 Programmable Caleulator, Hewlett-Packard has
provided you with a Standard Pac, containing 15 programs already
recorded on magnetic cards, You can begin using the programming
power of the HP-67 by simply using any of the cards from the Standard
Pac. or from one of the other Hewlett-Packard pacs in areas like
finance, statistics, mathematics, engineering, or medicine. The grow-
ing list of application pacs is continually being updated and expunded
by Hewlett-Packard, to provide vou with a wide variety of saftware
suppor,

However, we ai Hewlett-Packard cannol possibly anticipate every
problem for which you may want 10 use your HP-67. In order to get the
most from your calculator, you'll wani 1o learn how to program the
HP-67 10 solve your every problem. This parn of the HP-67 Owaner's
Handbook teaches you step-by-step to create simple programs that
will solve complex problems, then introduces you to the many editing
features of the HP-67. and finally gives you a ghmpse of just how
sophisticated your programming can become with the HP-67
Programmable Calculator.

Programming vour calculator is an extension of its use as o manual
problem-solving machine, so if you haven't read Part Ome, Using
Your HP-67 Calculator, you should go beck 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-67, These problems are not essential
o your basic understanding of the calculator, and they can be skipped
if you like. But we urge that you work them. They are rarcly difficult,
and they have been designed to increase your proficiency, both in the
actual use of the features of your caleulator and in creating programs o
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solve your own problems, If you have trouble with ane of the prob-
lems, go back and review the explanations in the text, then tackle it
ngain,

So that you can apply your own creative flair to the problems, no
solutions are given for them. In programming, any solution that gives
the correct outputs is the right one—there is po one correet program
for any problem. In fuct, when you have finished working through this
part, and learned all the capabilities of the HP-67, you may be able to
create programs thet will solve many of the problems faster, or in
fewer steps, than we have shown in our illustrations.

Now let’s start programming!

What Is a Program?

A program is nothing more than a series of calculntor keystrokes that
you would press to solve a problem manually. The calculator remem-
bers these keystrokes when you key them in, then executes them in
order at the press of a single key. If you want 1o execute the program
again and again, you have only to press the single key each time.

If you worked through Meet the HP-67 (pages 15-24), vou learned
how o create, load, run, and record a simple program to solve for the
area of a sphere. Now look at a more complex program.

Loading a Prerecorded Program

First, set the calculator controls as follows:

ON-OFF switch crr[lllMon o ON,
WPRGM-RUN switch wencw JilI0Auw 10 RUN,

Now select the Moon Rocket Lander card from the Standard Pac
shipped with your HP-67. Insent side | of the card, face up, into the
lower slot provided on the right side of the calcolator, and press it into
the slot unlil the reading mechanism picks it up and propels it out the
lefi slot, Let go of the card as soon as you feel it begin o be propelled
by the reading mechanism—don't try to restrain its ress. [f the
card does not read properly, the display will show [Error  pand
you should then press any key on the keyboard to clear the error and
again pass side | of the cand through the card reader slot. Then insert
the card in the upper slot so that the writing is visible in the window
above the keys marked 3D B 0 3
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Insert the card in the card window slot,
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Some programs are recorded on hoth sides of a magnetic card, so the
card must be run through the cand reading mechanism twice—once on
each side. If a second side of a magnetic card must be read, the
caleulator prompts you by displaving Eq}q ~|after you have read
the first side. However, the Moon Rocket Lander program is fairly
short, so the complete program has been recorded twice, once on
each side of this factory-prerecorded eard. You can easily see when a
card has been read completely because the caleulator will then display
the original contents of the X-register. The Moon Rocket Lander
program has now been loaded into the calculmtor and you can try 1o
“land"" the calculator on the moon without **crashing.”™

The Game, The game simulates a
rocket attermnpting to land om the moon,
with vou as the pilot. As the game be-
gins, you are descending aia velocity of
50 ft/sec from a height of 500 feet
Velocity and altitude sre shown in a
comhbined display as -50.500, the al-
titude mppearing to the right of the
decimal point and the velocity o the
lefi. The negative sign on the velocity
indicates downward motion. As the game begins, you have 60
units of rocket fuel,

The object of the game is to coniral your descent by keying in fuel
“bums"" 50 that when you reach the surface of the moon (aititede 07,
vour velocity is also zero and you settle down gently into the powdery
moon dust

When you press £ , the game begins, The velocity and aliitude are
shown in the calculator display. Then the number of remaining fuel
units are shown, and the display begins a countdown to bum time. The
diﬂpl.'ly counts *“3,"" 2" LY 0 When the countdown reaches
rero, you have one second to key in a fuel burn. The best choices for
fuel bums are digits of 1 through 9. A zero bum, which is very
common, is accomplished by doing nothing.

After each bum, the calculator display will show first the new velocity
and altitude, then the remaining fuel units, then will count down to
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zero for you to key in another bum, This sequence is repeated until
vou successfully land (when the display will show you blinking
zeros), or you smash into the lunar surface (when the display shows
you the blinking crash velocity),

If you attempt to key in a fuel bum during any time other than the
one-second **fire window,'” the rocket engine will shut off and you
will have to restart it by pressing [ . Restarting sutomatically uses up
five units of fuel and gives no thrust.

So press [ now and try 1o land on the moon with your HP-67.

Stopping a Running Program

After you have successfully landed on the moon (or even if you have
crashed), you can stop the running program by pressing or any
key on the keyboard, When you press any key on the keyboard while a
program is running, the program immediately stops and displays the
current contents of the X-register. The key function is not executed.

Looking at Program Memory

As vou may remember from the program you created, loaded, exe:
cuted, and recorded onto a magnetic card in Meet the HP-67 a the
beginning of this handbook, a program is nothing more than a series of
keystrokes you would press to solve s problem manually. Whether
you load these keysirokes into the calculator from the keyboard, as
you did then, or from a magnetic cord, es when you loaded the Moon
Rocker Lander program, the keysirokes are stored in a part of the
calculstor known as program memory. When you slide the
WIPRGM-RUN switch to W/PRGM, you can examine the contents of
PIOETam MEmory, one siep & a time,

First, press EI [5) 000 1o retumn the calculator to the beginning of
program memory. Then slide the W/PRGM-RUN switch
wencu [[TAus 1o W/PRGM. The display should show

Program memory consists of 224 **steps.”" which are numbered from
001 t0 224, together with a top-of-memory marker, step (00, Program
memory is separate from the stack and storage registers.
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| ooo .‘-I— Tap-of-Mamory Marker
| oot

Program Memory | —

With the W/PRGM-RUN switch set 1o W/PRGM, the number that you
see on the left side of the display indicates the step number of program
memory 1o which the calculator is set. You should be set at step 000,
indicated by a display of [000 | Now we'll use the (253 (single-
step) Key 1o examine the next step of program memory. lets you
step through program memory, one step at a time.

Press Dispiay
55T] 0o1 31 25 11

The calculator is now set to step (101 of program memory, as indicated
by the number 001 that vou see on the lefi side of the display. The other
numbers in the display are two-digit keveodes for the keystrokes that
have been loaded into that step of program memory,

Each step of program memory can “‘remember”” a single operation,
whether that operation consists of one, two, or three keystrokes. Thus,
one step of program memory might contain o single-keystroke opers-
tion like (577, while another step of program memory could contain i
two-keystroke operation, like £ 6. Step 001 of program memory
currently contains an operation that requires three keysirokes, £

o
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Keycodes

Each key on the calculator is identified by a two-digit keycode, When
the WPRGM-RUN switch 15 set to WPRGM, the keveodes for the
keystrokes loaded into the carrent step of program memary appear on
the right side of the display. For example, the first keycode, 31,
identifies the 3™ row of the keyboard, 1* key in that row., By counting
down three rows and looking at the first key on the caleulstor
keyvboard, vou can see that it is the B key.

3 row-

1 key

The second keycode, 25, then refers o the 2 row, 5™ key in that row;
and since the previous keycode was for the B8 prefix key, the function
selected by the keyeode for the 2" row, 5™ key in that row is [E]). The
last keycode is 1 1; that is, the 1" row, 1" key in that row, the £ key.
5o the complete operation loaded into step 001 is B [ Y

Using this handy matrix system, you can easily identify any key by its
keyoode in the display. Remember, always count from the top down
and from lefi to right. Each key. no matter how large, counts as one.
For convenience, digit keys are identified by keycodes 00 through 09,
although prefixed functions associated with digit keys are identified
by the matrix address. A step of program memory cannot contain more
than a decimal point or a single digit of a number. For example, if you
press BS540 again, you can see that the number 5 is Joaded ino step 002
of program memory.
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Press Display

55T [o0z 05|

Pressing B2 twice more shows you that zeros have been loaded mto
steps 003 and O(4:

Press Diisplay

= 003 a0
E5T] | 004 oo

Pressing X300 again shows you that the operation loaded into step 005
is Bl &:

Press Display
(557 ) [005 33 os

Thus, in order to load this portion of the program into the ealculator
from the kevboard, you would have pressed the following keys:

I =0
500
£ 6

Remember thar each step of program memory can hold a complete
operation, no matter whether the operation consists of one (e.g. /B3 1,
two (e.g., I8 (7). or three (c.g., B B3 9) keystrokes. You can see
that the 224 steps of program memory can actually hold many more
than 224 keystrokes.

In addition to the 224 sicps of program memory in which you can load
keystrokes for programs, program memory alse contains step 000, No
functions can be loaded into step 000, and in fact, step 000 serves
only as & kind of marker within memory, a convenient *‘starting
point”” when you begin loading a program.

Any fenction on the keyboard can be loaded into program memaory

except the five default functions, and certain editing functions like
85T
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Default Functions

The default functions, EFETEEEETIEEER, (Ha arc found above
the I3 through I3 keys on the keyboard have been placed in the
calculator to enhance its usability in manual calculations. As soon as
you load éven a single operation into program memory, whether from
the keyboard or from a magnetic card, the default functions are lost,
and the top row keys, [¥ through ¥, are used in programming. Since
the five default functions are also duplicated on the kevboard as
prefived functions, you can still utilize those operations in a program.

Mote: In actuality, if you press ane of the 1op row keys in
W/IPRGM maode when no operations have been ioaded into
program memory, the prefised function associated with
that dafault function is lcaded. After that, however, Since an
aparalion has been loaded into program mamaory, the de-
fault functions are lost, In this handbook, we have always
used prefized functions when programming. and we urge
that you do the same, reserving the default functions for
manual oparation,

Default functions are restored when the caloulator is tumed OFF then
ON, or when program memory Is cleared using I} =221,

Problems

L. What would be the kevcodes for the following operations: B2 ,
0 oo, @ Guss), G0 & 17

2. What operations are identified by the following keycodes: 41,
31 63, 35 62, 33 51 007

3. How many steps of program memory would be required 1o load
the following sections of programs?
a. 2E0E0 3
b. 10ED 6 Y )
c. IWED20EDD2E2mE0
4. What keystroke(s) would you load into a program 1o perform an

X f-h‘fwﬂ.&.'e ¥? (That is. 1o exchange the comtents of the
X-register with those of the Y-register.)
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Clearing a Program

When you ran the magnetic card containing the Moon Rocket Lander
program through the card reader with the W/PRGM-RUN switch set to
RUN, the program was copied from the card into program memory in
the calculator. Before vou can key in a program, you will first want to
clear, or erase, the Moon Rocket Lander program from the cal-
culator’s program memory. You can clear o program in any of three
ways.

To clear a program from the calculator, vou can either:

l. Press 0 with the W/PRGM-RUN switch
wirncw [T Fun set to W/PRGM. This replaces whatever in-
structions are in program memory with (78] instructions. In
W/PRGM modt:.ﬁ ulso specifies [0 2 display mode,
DEo mrigonometric mode, clears all flags, and restores the de-
fault functions to the lop row keys. (A Instruction encoun-
tered in a program stops the ¢xecution of that program. A flag is
a status indicator within a program. More about these later. ) The
stack and storage register contenis remain intact when &

= o) s pressed.

2. Pass another magnetic card containing a program through the
card resder with the W/PRGM-RUN switch weencas [T rus
sel the RUN. This replaces whatever instructions are contained
in the calculator's program memory with the instructions for the
new progrum. (Reading a blank card does not alter the contents

of program memory, and the calculator displays [Error |
to indicate that the card has not been read. )

3. Tum the HP-67 OFF, then ON. This replaces whatever instruc-
tions are in program memory with instructions.

Now you are going (o load your own program into the calculator from
the keyboard, so to first clear the HP-67 of the previous program;

Slide the W/PRGM-RUN switch weacs[[[Il~~ 0
WIPRGM.

Press I to clewr program memory. (This also sets the
caleulator to step 00 of program memory. )
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Creating Your Own Program

In Meet the HP-67, ot the beginning of this handbook, you created,
loaded, ran, and recorded a program that solved for the surface area of
asphere, given the diameter of that sphere. Now let's create, load, and
run another program to show you how 1o use some of the other features
of the HP-67.

If you wanted 1o use the HP-67 to manually calculate the area of a
circle using the formula A = 7r® vou could first key in the radius r,
then square it by pressing B3 (). Next you would summon the
quantity pi into the display by pressing [ [F]. Finally you would
multiply the squared radius and the quantity pi together by pressing
B.

Remember that a progran to solve a problem is nothing more than the
kevstrokes vou would press to solve the problem manually. Thus, in
arder 1o create a program for the HP-67 that will solve for the area of
any circle, you use the same keys you pressed to solve the problem
roanually.

The keys that you used 1o solve for area of a circle according to the
formula A = r¥w are:

0
h Bid)
=

You will load these keysirokes into program memory. [n addition,
wour program will contain two other operations, [T7] £Y and mw).

The Beginning of a Program

To define the beginning of a program you should use an £ [0
(label) instruction followed by one of the letter keys (3,03, B, B or
EiorB2 followed by (2] through (Z]. The use of labels permits
you 1o have several different programs or pans of programs loaded
into the calculator at any time, and to run them in the order you choose,

The digit keys (8] through(3] ), when prefaced by I8 [, can also be
used 1o define the beginning of a program. However, since you must
use ) (8] from the keyboard if you want to select and exccute
that program, (7] (@ through [[2] (8] are usually reserved for defin-
ing rowtines—that is, parts of larger programs.
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Ending a Program

To define the end of a program, you should use an 0 rs (return)
instruction. When the caleulator is executing a program and encoun-
ters o RTH instruction in program memory, it stops (unless executed
as part of 4 subroutine—more about subroutines later). For example,
if the calculator were executing a program that had begun with [ ]
[, when it encountered B RN, it would stop. Anather instruction
that will cause & running program lo stop is . When a running
program executes a [(A/8] instruction in PTOETRM MEmoTy, it Slops just
as it does when it executes B™. Good programming practice,
however, dictates that yvou normally use B "™ rather than (R3] 1o
define the end of your program.

The Complete Program

The complete program to solve for the area of any circle given its
richius is now,

(1] 0 Assigns name to and defines beginning of program.

B[ Squares the radius,

[ h N Summons pi into the display.

x| Multiplies r* by = and displays the answer,
h RGN Defines the end of and stops the program.

Loading a Program

You load a program into the calculator in either of two ways:

|. By passing a magnetic card containing program instructions
through the card reader with the W/PRGM-RUN switch
weercs [l =um set o0 RUN,

2. By setting the W/PRGM-RUN switch wencw [Tl 10
W/PRGM {program) and pressing the keys from the keyboard in
the natural order vou would press them to solve a problem
manually.
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Since we do not have a magnetic card that contains the program we
have written to solve for the area of a circle, we will use this second
method to load our program.

To load a progeam from the kevboard, simply slide the W/PRGM-
RUN switch wencs [[[lrw 10 W/PRGM (program). When the
WIPRGM-RUN switch is in the W/PRGM position, 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 execu-
tion. Afl operations on the kevboard except five can be loaded inte
program memaory for later execution. The five operations that canmot
be loaded in as part of & program are;

DS . Best, 00,0 e, 50 G R G

These five operations are used to help you load, edit, and modify your
programs in the calculator.

MNote: Naturally, the five defaull keys cannol ba loaded into
program memory, elther. However, these keys are dupli-
cated by prefived keys that can be loaded. Thus, although

you cannot load [ERl. you can load the B &7 operation,
ale.

All other functions when pressed with the W/PRGM-RUN switch
o [l A i W/PRGM mode are loaded into the calculator as
program instructions (o be executed later,

So if you have not already done so;

l. Slide the W/PRGM-RUN swiich wenou[[[Jirun to
WIPRGM.

2. Press B £ 1o clear program memory of any previous
programs and 1o reset the calculator 1w the top of program
memary.
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You can tell that the caleulator is ut the top of program memory
because the digits appear at the lefi of the display. The
digits sppearing at the left of the display with the W/PROM-RUN
switch weerc [[II AW set to W/PRGM indicate the program mem-
ary step mumber being shown at any time.

The keys thar vou must press 1o key in the program for the area of a
circle are:

[« OTRE

o N

oE

x|

ATH
Press the first key, B0, of the program.
Press Display

0

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

Press Display
&
4] 001 31 25 11

When the step number (001) of program memory appears on the left of
the display, it indicates that a complete operation has been loaded into
that step. As vou can see from the keycodes present on the right side of
the display, the complete operation is 13 (keycode 313, [0 (keyeode
25), 3 (keycode 11). Nothing is loaded into program memory until a
complete operation (whether 1, 2, or 3 keystrokes) has been specified.

Now load the remainder of the program by pressing the keys. Observe
the program memory step numbers and keyeodes.
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Prisss Display

B[ a0z 32 54
[h BEd| 003 35 73
B 004 71
B & 005 35 22

The program for solving the area of a circle given its radius is now
loaded into program memory of the HP-67. Notice that nothing could
be loaded into the top-of-memory marker, step 000,

Running a Program

Toruna program, you have only to shide the W/PRGM-RUN swiich o
RUN. key inany “‘unknown’’ data that s required, and press the letter
key (E3 through (3, 83 [ through I3 (2} that labels your program.

For example, 0 use the program now in the calcwlator to solve for
circles with radii of Y inches. 6 meters, and 9 miles:

First, slide the W/PRGM-BUN switch weencu [ mas 10 RUN.
Press Display

ip 28.27 | Square inches.
60 11310 Square meters

90 254.47 Square miles.

Now ler’s see how the HP-67 executed this program.

Searching for a Label

When you switched the W/PRGM-RUN switch vaencm [JJaun 1o
RUN, the calculator was set ot step 005 of program memaory, the last
step you had filled with an instruction when you were loading the
program. When you pressed the £ key, the caleulator began vearch-
ing sequentially downward through program memory, beginning with
that step 003, for a [ I instruction. When the caleulator searches,
it does not execute instructions.

The calculator reached the last step of program memory, step 224,
without encountering an £ [00) I3 instruction. It then passed
step D00 again and continued searching sequentially through program
memory for a (0] 3 instruction. Only when the calculator found an
B ) B instruction in step (01 did it begin executing instructions.
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Executing Instructions

When the calculator found the Bl [0 £ instruction in step 001, it
ceased searching and began executing instructions. The caleulstor

executes instructions in exactly the order you keyed them in, perform-
ing the [ (2] operation in step 002 first, then @ [ as in step 003,
etc.. until it executes an @ [Arw instruction or a [AE] (rumisrop)
instruction. Since an[fJ R instruction is executed in step 005, the
caloulator stops there and displays the contents of the X-register. (To
see the next step number of program memaory after the one al which the
calculator has stopped, you can briefly switch the W/PRGM-RUN
switch weeRcs [T R 10 W/PRGM. )

If wou key in a new value for the radius of a circle in RUN mode and
press B8, the HP-67 repeats this procedure. It searches sequentially
downward through program memory until it encounters a £ 13
instruction, then sequentially executes the instructions contained in
the next steps of program memory until it executes anll) rrw or a [R5
instruction.

You can see that it is possible 1o have many different programs or parts
of & program loaded in the HP-67 at any time. You can run any one of
these programs by pressing the letter key (£ through O3, 1
through I3 [2)) that corresponds with its label,

It is also possible o have several differemt programs or routines
defined by the same label. For example, suppose vou had three
programs in your HP-67 thet were defined by 17 [[0] &3 . When you
pressed [, the calculator would search sequentially through program
memory from wherever it was located until it encountered the firse 00
[0 @ instruction. The HP-67 would then execute instructions until it
executed o ATH| or g instruction and stopped. When vou pressed
3 again, the calculator would resume searching sequentially from the
[arH o [B7S) through program memory until it encountered the second
[ 2] 3 instruction, whereupon it would execute that [ (L2 1 and
all subsequent instructions until it executed an [ wT or a (5]
instruction and stopped, When vou pressed [9 a third time, the HP-67
would search downward 1o the third £ [0 3 instruction and execute

that program,
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nEa

— |

| Searching
s=a '
Executing l
0O #mw
I Searching
nEoE '
Executing L
0 mmw

If you try to press a letter key (Y through 3, 10 ) through £ [E)
that is not contained as a label instruction in program memory, the
HP-67 will execute no instruction and will display [ Error .
For example, if your HP-67 contains only the program for area of a
circle that you keyed in earlier, you can see this by simply pressing
another letter key,

First, ensure that the W/PRGM-RUN switch wencw [l e is sct
1w RUN,

Press Display
o [Error ]

To elear the error from the display, you can press (%3, or any key on
the keyboard, or vou can slide the W/PRGM-RUN switch
wirrGy [IIIMAUN 10 W/PRGM. The calculator remains set at the
current step of Program memaory.
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Labels and Step 000

The labels { £ through &, B @ through & [, @ through [8) in
your programs act as addresses—they tell the caleulator where 1o
begin or resume execution, When a label is encountered as pant of a
program, execution merely “*falls through'' the label and continues
onward. For example, in the program segment shown below, when
vou pressed £, execution would begin ar (]9 and continue down-
ward through program memory, on through the [0 [3] instruction,
and continue until the ATN was encountered and execution was
stopped.
When you press [ ...
DD execution begins here.

¥ No AT hore, .

e e 50 execution lalls throuwgh
| the [Z03] instruction...
[

ATM v ...and continues to the ATH .

Execution falls through step 000, too. You can Ioad instrections into
steps 001 through 224 of program memory, bul you cannot load an
instruction into step 000. In fact, step 000 merely acts as 4 kind of
label in program memory, a beginning point for the loading of a
program. When step 000 is encountered by a running program, execu-
tion continues without a halt from step 224 10 step 001, just as if step
(000 were nol there.

Flowcharts

Al this point, we digress for 2 moment from our discussion of the
calculator itsell to familiarize ourselves with a fundamental and ex-
tremely useful tool in programming—the Mowehirt.
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A flowehart is anewtline of the way a program solves 4 problem. With
224 possible instructions, it is quite easy to get *'lost™" while creating a
long program, especially if you ry o simply load the complete
program from beginning to end with no breaks. A fMlowchan is a
shorthand that can help you design your program by breaking it down
into smaller groups of instrections, It is also very useful as
documentation—a road map that summarizes the operation of a pro-
gram,

A flowchart can be as simple or as detailed as you like. Here is a
flowchart that shows the operations you executed to caleulate the area
of a circle according to the formula 4 = #r*. Compare the flowchan
to the actual mstructions for the program;

e

—y
=
|
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You can see the similarities, At times, a Mowchan may duplicate the
set of instructions exactly, as shown above. At other times, it may be
maore useful to have an entire group of instructions represented by a
single block in the lowchart. For example, here is another flowchan
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 1s a common practice, and one which makes a flow-
chart extremely useful in visualizing a complete program,

You can see how a flowchart is drawn linearly, from the top of the
paie to the bottom. This represents the general flow of the program,
from beginning to end, Although flowcharting symbols somerimes
vary, throughout this handbook and in the Standard Pac, we have held
to the convention of circles for the beginning and end of a program or
routine, end rectangles to represent groups of functions that take an
input, process it, and yield a single output. We have used a diamond to
represent & decision, where o 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 flowchari that looked like thas:

144 Simple Programming

After drawing the Mlowchart, you would go back and substitute groups
of instructions for each element of the fowchart. When the program
wis loaded into the calculator and run, if #2 was larger than #1, the
answer to the question *°Is #2 larger than #17"" would be YES, and
the program would take the lefi-hand path, display #2, and stop. If the
answer (o the guestion 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 vour HP-67.)

As vou work through this handbook, you will become more familiar
with flowcharts, 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 vour programs.

Problems

1. You have seen how to write, load, and run a program to calcu-
late the area of a circle from its radius. Now write and load =
program that will calculate the radius r of a circle given its aren 4
using the formula r = Vid/e. Be sure to slide the W/PRGM-
RUN switch wescw [[[Ilem 10 W/PRGM and press
E= first 10 clear program memory, Define the program with
[+ [ and B AT, 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.)

(Answers: | 3.00 |inches, | 6.00 |meters, | .00  |miles,

2. Write and load o progrom that will convert temperature in
Celsius degrees to Fahrenheit, according to the formula
F = 1.8 C + 32, Define the program with £ (1) @ and D
ATH| and run it o convert Celsius temperatures of —40°, 0°, and
+ 7125
(Answers: [—40.00]*F, [3200 |*F, [161.80]*F.)

3. Immediately after running the program in Problem 2, create a
program that will conven emperature in degrees Fahrenheit
back to Celsius according to the formula C = (F-32)5/9, defin-
ing it using @l (00 [0 and B3 7N, and load it into program
memory immediately afier the program you loaded in Problem
2. Run this new program to convert the temperatures in " F you
obtained back to °C.
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If you wrote and loaded the programs us called for in Problems 2 and
3, you should now be able to convert any temperature in Celsius
to Fahrenheit by pressing [, and any temperature in Fahrenheit 1o
Celsius by pressing I} El. You can see how you can have many
different programs loaded into the HP-67 and select any one of them
for running at any time.

GTO

BST) &1

DEL

[CLPRGM




Section 7

Program Editing

Often you may want to alter or add 10 a program that is loaded in the
calculator. On your HP-67 kevboard, you will find several editing
functions that permit you to easily change any steps of a loaded
program withour reloading the entire program.

As you may recall, except for the default function keys, all functions
and operations on the HP-67 keyboard can be recorded as instructions
in program memory excepl five others. These five functions are pro-
gram editing and manipulation funciions, and they can aid you in
altering and correcting vour programs. {The default functions above
the top-row keys are duplicated elsewhere on the calculator by keys
that can be recorded. )

Nonrecordable Operations

a is one keyboard operation that cannot be recorded in pro-
gram memory, When you press £ with the W/PRGM-RUN
switch wesom (MR set to W/PRGM, program memory is
cleared to [A7S] instructions and the calculator is reset to the top of
mermory (step O} so that the first instruction will be stored in step
001 of program memory. [ also seis the trigonometric mode
1o DEG, the display mode to FIX 2, clears flags FO, Fl1, F2, and F3
(more about Mags in section 13), and restores the default functions o
the keys ( [£3 through [3 ) on the top row of the keyboard. With the
W/PRGM-RUN switch set to RUN, EL5%] merely cancels anfll pre-
fix key that you have pressed,

{sirgle step) is another nonrecordable operation, When you press
with the W/PRGM-RUN switch weack [[[IJem sct to
W/PRGM, the calculator moves to and displays the next step of
program memory. When you press £5 down with the W/PRGM-
RUN switch wercw [l rum sct to RUN, the calculator displays the
next step of program memory—when you relesse the B2 key, the
calculator executes the instruction loaded in that step. F550 permits
you to single step through o program, executing the program one step
a; a lime or merely viewing each step without execution, as you
choose.
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B st (bock step) is a nonrecordable operstion that displays the
previous step of program memory, When vou press B 887 with the
WIPRGM-RUN switch weaos [[TIl#u set toW/PRGM, the calcula-
tor moves 1o and displays the previous step of program memory,
When you press and release [ and then press down 857 with the
W/PRGM-RUN switch wenos [l Aun set 10 RUN, the calculbator
moves o and displays the contents of the previous step of program
memory, When you then release 857, the original contents of the
X-register are displayed. No instructions are executed,

8 (ge o) 5] [ (71 [@] is another keyboard operation that cannot be
loaded s an instruction. (EE) £Y or (00 followed by any other label,
howewver, can be losded 45 a program instruction. More about the use
of this instruction later.) Whether the Program Mode switch is set
RUN or W/PRGM, when you press B [2] followed by a three-digit
step number, the calculator transfers execution so that the next opera-
tion or instruction will begin ot that step pumber, No instructions are
excouted, If the caleulator is in RUN mode, you can verify that the
caleulator is set to the specified step by briefly sliding the Program
Mode switch wercu [[[Ilew to W/PRGM. The G [=] [ [v] [n]
aperation is especially useful in W/PRGM mode because it permits
vou o jump o any location in program memory for editing of or
additions or comections (0 YOUr programs.

The DEL| {delere) key is a nonrecordable operation that you can use to
delete instructions from program memory, When the Program Maode
switch weaos [Tl is set o WIPRGM and you press 0§ DL,
the instruction at the current step of program memory is erased, and
all subsequent instructions in program memory move upward one
step. The section of progrum memory shown below [lusirates what
would happen when you press [[J 0L with the calculator set 1o step
00k,
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With the calculator set to step 004 when you press [§ (PEL |, program
memory 15 changed. ..

wofrom this... 2ot this
or BEID oor DQiuo
o0z O[] 002 @G
ooz @[ 003 B
004 3 ood @@ mw
005 0O rw 0os [AE
006

Now let’s load a program from the kevboard and use these editing
tools to check and modify it

Pythagorean Theorem Program

The following program computes the
hypotenuse of any right triangle, given
the other two sides. The formula wsed
i5 ¢ = Va* + pt,

Below are instructions for the program
[basically, the same keys vou would
press o solve forc manually ), assuming
thai values for sides g and b have been
input to the X- and Y-registers of
the stack.

To load the program:

First slide the Program Mode switch wenom [l rux 10 W/PRGM.

‘Then press [ to clear program memory of any previous pro-
grams and reset the caleulator 1o step 000 of program memeory.
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Fimally, load the program by pressing the keys shown below.

Press Display

N <
B
0 =)
o NES| 004 3z 54
[TH 61
nE 008 37 B4
B = 0o7 35 22|

With the program loaded into the HP-67, you can run the program.
For example, caleulate the hypotenuse of a right riangle with side a of
22 meters and side b of 9 meters.

Before you can run the program, you must initialize it

Initializing a Program

Initialization of a program means nothing more than setting up the
program (providing inpuis, setting display mode, eic.) prior to the
actusl running of i, Some programs contain initialization routines
that set up the data to run the program. In other programs, you may
have to initialize manually from the kevboard before running. In the
case of the program for calculating the hypotenuse of a tnangle, to
initinlize the program you mus! place the values for sides g and b in
stack registers X and Y. (Notice that the erder does not matter in this
case.) Thus, to initialize this program:

Firs:, slide the Program Mode switch wencs JillMrus 10 RUN.

Press D¥isplay
pJERTER o (22758
9 o —

The program for hypotenuse of a right tangle using the Pythagorean
Theorem is now initialized Tor sides of 22 and 9 meters.
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Running the Program

To run the program you have only to press the user-definable key that
selects this program.

Press Display
o Length of side ¢ in

mefers.

To compute the hypotenuse of a nght triangle with a side g of 73 miles
and a side & of 99 miles:

Press Display

L RENTER o] TA.00 |

9y g2 Program initialized for
new set of data Before
running.

a [2300 ] Length of side ¢ in miles.

MNow let’s see how we can use the nonrecordable editing features of
the HP-67 o examine and alier this program.

Resetting to Step 000

As you know, when yvou press B8 [ with the Program Mode
switch set o W/PROM, the caleulstor is reset (o step 000 wnd all
instructions in program memory of the HP-67 are erased and replaced
with (B8] instructions. However, vou can reset the HP-67 1o step
000 of program memory while preserving existing programs in pro-
gram memory by pressing G0 (5] 000 in W/PRGM or RUN
mode, or [ A in RUN mode.

To set the caleulator to step 000 with the Pythagorean theorem pro-
gram losded inlo program memaory:

Press Display
€D 1 000 (12300 ]

Length of side ¢ remaing
in display from previous

running of program.
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You could also have pressed B AN in RUN mode to set the cal-
culator to step (00,

Slide the Program Mode switch weercs [[[Ilos 10 WPRGM 10
verify that the calculator is now set at step 000 of program memaory,

Display
[oo0 ]

Single-Step Execution of a Program

With the Program Mode switch set to RUN, you can execute o
recorded program ong step af & time by pressing the 523 isingle-srep)
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 slide the Program Mode switch wencw JlIsun 0 RUN

Press Drisplay
73 EiED 73.00 |
G5 98, Program initialized for

this sci of data before
running.

Now, press and hold it down to sce the keycode for the next
mstruction. When you releasc the Bl key, that next instruction is
executed,

Press Display

ED 001 37 25 15| Keycode for ) (] O3
seen when vou hold £550
down.

99,00 | B3 =)@ exccuted when

you release B0
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The first instruction of the program is executed when you press and
release BT . (Notice that you didn't have to press £ —when you are
executing @ program one step at a time, pressing the EZI key begins
the program from the current step of program memory without the
need to press the user-definable B3 key.)

Continue executing the program by pressing EZ1 again. When you
hold B33 down, you see the keycode for the next instruction, When
you release £531 . that instruction is executed.

Press Display
02 32 84| Keycode for 5.

[9601.00 | Executed.

When you press ES a third time in RUN mode, step 003 of program
memory is displayed. When you release the B2 key, the instruction
in thut step, [ (53], is executed, and the calculator halts,

Press Display
ST 003 35 52| Keycode for (&3],
73.00 Executed.

Continue executing the program by means of the 250 key. When you
have executed the [l "™ instruction in step (07, you have completed
executing the program and the answer is displayed, just as if the calcu-
later had executed the program awtomatically, instead of via the £50
key.

Press Display
551 004 32 54
[ 5329.00

4n
n
L4}
&
—
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Press Display

557 006 31 54
123.00

[557] 007 35 22
l 123.00

You have seen how the £500 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 vou can use F770,
857/, and £ (<] (8] (0] [0 in W/PRGM mode to help you modify a

program.

Modifying a Program

Since you have completed execution of the above program, the HP-67
is set ot step 008, You can verify that the calculator is set at this step
by sliding the Program Mode switch weacs [IAun 10 WPRGM
and ohserving the siep number and keycode in the display.

Now let’s modify this Pythagorean Theorem program so that the stack
contents will automatically be reviewed at certain points in the pro-
gram. We will do this by inserting the instruction B} [575] at three
points in the program,

Press Display

a 997 31 25 18]
(00— w59

003 35 52

We will insert alE)
[E7F] instruction afier

D04 42 54 each of these
| EEE Ei INSITCTionS.
[ a1 54

oor 35 22

30 BEEQ

Boooaoe

To begin modification of the loaded program, again resel the
calculator to step 000 of program memory without erasing the
program;
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Ensure that the Program Mode switch wencs I aus is sct o RUN.

Press Display
0 = 123.00 Calculator reset to step

000 of program memory

Single-Step Viewing without Execution

You can use the B33 key in W/PRGM mode to single-step to the
desired step of program memory withou! executing the program,
When you shide the Program Mode switch to W/PRGM, you should
see that the calculator is resel to step 000 of program memory. When
vou press £ once, the calculator moves 1o step 001 and displays
the contents of that step of program memory, No instructions are
execuled,

Slide the W/FRGM-RUN swiich weacwm [l 10 WIPRGM.

Press Display
ooo Step 000 of program
memory displayed.
(55T 007 31 25 15| Calculator moves to step
001 without executing
instructions.

You can see that the calculator is now set at step 001 of program
memory. If you press s recordable operation now. it will be loaded
!n the mext step, step 002, of program memory, and all subsequent
instructions will be *‘bumped’” down one step in program memory .
Thus, to load the B instruction so that the calculator will review
the values in the stack at this point during execution:

Press Display
5] 002 32 84
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Mow let's see what happened in program memory when you losded
that instruction. With the calculator set at step 001, when you pressed
(o] program memory was altered. ..

oor OB | 001 BEOB | @ G instruction
ooz B[] I~y %2 B == inserted here.
003 @ =7 g o003 B |
004 @2 o 004 @ (77
oos 2 005 @ (2D

% .
008 ] Py o006 &3
007 B atn 07 B
e - s B i :-'ﬂl sub;scqum

:‘\-‘ instructions are
009 008 [mis) i &

(™~ — [ ““bumped” down one
010 o1 step of program
011 011 i
221 R
222 (7§ ~ 22
223 ~ 223
224 224

One instruction lost

here.

You can see that when vou insert an instruction in a program, all
instructions after the one inserted are moved down one step of program
memory, and the instruction formerly loaded in step 224 is lost and
cannot be recovered. In this case, the last instruction was a [R75]
instruction and was not used in the program. Notwe, however, that if
vou inserted an instruction inlo program memory when step 224
contained an instruction used in a program, the instruction would
be lost from step 224, You should always view the contents of
the last few steps of program memory before adding instructions 10 4
program 10 ensure that no vital instructions will be lost from there.
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Going to a Step Number

It is easy to see that if you wanted to single-step from step 000 1o
sOMe remote siep number in program memaory, it would take a great
deal of time and & number of presses of the £ key. So the HP-67
gives you another nonrecordable operation, EI5 [5] [@] (8] [®], that
permils you to go (o any step number of program memory.

Whether the Program Mode switch is set to W/PRGM or to RUN,
when you press G5 (<) (] (n] [0, the calculator immediately jumps
to the program memory step number specified by the three-digit
number (7] 7] [f]. No instructions are executed, In RUN mode, you
can momentarnily slide the Program Mode switch to W/PRGM 1o view
this program information, while if the calculator is already in
WIPRGM mixde, the step number and keycode for the instruction con-
tained in that step are displayed. Program searching or execution then
will begin with that step of program memaory. Loading will begin with
the next step of progrum memory

For example. to add a8 [572] instruction to review the stack contents
ufter the hypotenuse has been caloulated by the instruction in step 007,
you can first press [50 (po re) followed by & decimal point and the
appropriate three-digit step number of program memory. Then press
0O [ w place that instruction in the following step of program
memory. Remember that when vou add an instruction in this manmner,
each subsequent instruction is moved down one step in program
memory, and the last instruction is lost from step 224, To add a
B3 55 instruction after the B [instruction, keycode 31 54, that is
now loaded invo step 007:

Press Display
[+ 007 oo7 31 54
A & 008 32 84

As you load the ) instruction into step DOX, the (nstruction
that was formerly in step 008 is moved to step (09, and the instructions
in subsequent steps are similarly moved down one step. The [AE]
Instruction in step 224 is lost from program memaory,
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When you added the B (577 instruction after step 007, program
memory was altered. ..

coofrom this... .« f0 this.
ooy DG ot @D
o2 B EX o0z @ EH
003 @[ 003 @
o0d @ =7 oos @ =3
oos B [ 005 B )
006 3 008 B
o7 0O leor @)
oo @ rn o8 B = B (&7 instruction
008 (W3] ' ™ gog Q A inseried here.
o010 _\gma (5]
.\".""
All subsequent
instructions are moved
e 257 58 _rduwn one step of
ss3 \\ ==, || program memory,
223 %2
224 [miE] Sa 224

/]

One instruction lost
here.

Stepping Backwards through a Program

The [B8T {hack step) key allows vou to back step through a loaded
program for editing whether the calculator is in RUN or W/PRGM
mode. When you press @3 857, the caleulator backs up one step in
program memory. I the calculator is in RUN mide, the previous
step is displayed as long as vou hold down the 857 key. When you
release it, the original contents of the X-register are again displayed,
In W/PRGM mode, of course, you can see the step number and
keycode of the instruction in the display at all times. No instructions
are exccuted, whether you are in RUN or W/PRGM muxde.
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You now have one more £ instruction to add to the Pythagorean
Theorem program. The ) (518 instruction should be added after the
[(E2¥) instruction, keyoode 35 52, that is now loaded in step 004
of program memory. If you have just completed loading s B
instruction in step 008 as described above, the calculator is sct at
step 008 of program memory. You can use 85T 1o back the calculator
up to step 004, then insent the I3 instruction in step 005, To
begin:

Ensure that the Program Mode switch woencw [[Jlre i et to
W/IPRGM,

Press Display
008 32 84] Calculator initially set 1o
step (M08,
0 ss7) 007 37 5a| Pressing BST once moves
the calculator back one
slEp im program memoery.

When you press [ 857 , the calculator backs up one step in program
memory. No instructions are executed when vou use the BST| key,
Continue using the 857 key to move backward through program
memaory until the calculator displays step (04,

Press Display

@ est 006 [
@ st 005 32 54
0 esr 004 35 52

Since you wish to insert the £l instruction after the [ &7
instruction now loaded in step 004, you move the calculator 1o step
004 first, As always, when you key in an instruction, it is loaded
into the next step after the step being displayed. Thus, if you press
B (E now, that instruction will be loaded into step 005 of program
memory, and all subsequent instructions will be moved down, or
“'bumped.”’ one step,
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Press Display
a

¥ou have now finished modifying the Pythagorean Theorem program
0 thal you can review the stack al several points during the running
of it, The altered program is shown below:

o0 BEOE
00z @

004 0@ =Y
e 00D
cos @D
007 @

o008 W[ .
008 BIEH
g0 0 = |
|

If you wish, you can use the EZ0 key in W/PRGM mode o venfy
that the program in your HP-67 matches the one shown ghove.

Running the Modified Program

To run the Pythagorean Theorem program, you have only to key in
the values for sides & and b and pressi8 . The HP-67 will now review
the stack contents, then square side &, exchange the contents of the
X- and Y-registers, and review the stack contents again. Finally, the
value for the hypotenuse will be calculated, the stack contents will
be reviewed a third time, and the calculated value for the hypotenuse
will appear in the X-register when the program stops running.

For example, to compute the hypotenuse of a right triangle with
sides o and b of 22 meters and 9 meters:

Slide the W/PRGM switch wercu [l[[aun w0 RUN.

Press Display
22 TIED (2200 ]
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9. Program initialized,

23.77 After reviewing the stack
contents three times dur-
ing the running program,
the answer in meters is
displayed.

rm -]

Now run the program for a right triangle with sides a and b of 73
miles and %9 miles.
{Answer: 123 miles.)

Deleting an Instruction

Often in the modification of a program vou may wish to delete an
instruction from program memory. To delere the instruction to which
the calculator is set, merely press the nonrecordable operation [
[BEL] (delere) with the HP-6T Program Mode switch weencw [T Au~
set to W/PRGM. (When the Program Mode switch is set to RUN,
pressing (D€L does nothing except cancel a pressed prefix key B .)
When you delete an instraction from program memory using the
[BEL] key, all subsequent instructions in program memory are moved
up one step, and a instruction is loaded into step 224, The
calculator moves to the step befere the deleted step and displays it.

For example, if you wanted to modify the Pythagorean Theorem
program that is now loaded into the calculstor so that the stack was
only reviewed once, at the end of the program, you would have to
delete the ) instructions, keycodes 32 B4, that are presently
loaded in steps D02 and 005 of program memory. To delete these
instructions, you musi first set the calculsior at these steps using
B35, 0 es7 or 502 (£ [® [@ @), then press B oeL, To delete
the ) instruction now loaded in step 002:

First, slide the Program Mode switch wencsu [l rus o W/PRGM.

Press Display
ED .00 'z 32 §4) Step 002 is displayed.

0 oec 31 25 15 E The instruction in step
002 is deleted and the

calculator moves fo step
001,
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You can use the ESl key 1o verify that the ) instruction,
keycodes 32 B4, has been deleted, and subsequent instructions have
been moved up one step,

Press Display

£l 002 32 54| The instruction formerly

in step 003 was moved up
1o step 002, and all
subsequent mstructions
were moved up onge step,
when you pressed [
DEL

When vou set the calculator to step 002 of program memory and
pressed [0 (960, program memory was altered, ..

«.from this... ..o this.

m’ - Joemf fﬂﬂf o 0O | One instruction

002 OGN | 002 @G || deleted here.

003 @G [Ty 003 @Y

004 MEA | o 004 DG

005 BEH o 005 @2

006 @) [ -6 0

ddll -] %07 B0

oos 0[] %8 g G ) _

008 g ' 008 [ A These instructions all

o010 [ mm =2 010 [W5) move upward one step.

ot 7 011 (m8) !

012 T |

221 221

222 -7 22 7A@

223 [@8) A7 223 [(75)

224 7 224 | One [@/5] instruction
A added here.
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To delete the [ instruction now loaded in step 004 you can use
the 513 key 1o single-step down o that step number and then delete
the instruction with the [} DEL| operation.

Press Display

(557] bus 35 62

[ova 32 84

0 oe [ous 52| The B EH instruction,
keyoodes 32 B4, s
deleted from step 004 and

the calculutor displavs
step 003, Subsequent
instructions Move up one
step of program memory .

If you have modified the progrum as described above, the HP-67
should now review the contents of the stack only once, just before the
program stops. The calculzted value of the hypotenuse is then
displayed.

Shde the Program Mode switch verrcw [[lMAaun 10 RUN, and
run the program for right miangles with:

Sides a and & of 17 and 34 meters. (After reviewing the stack,
calculator displays answer for side ¢, 38.01 meters.)

Sides g and b of 3500 rods and 73935 rods. { After reviewing the stack,
calculator displays answer for side ¢, 9216.07 rods. )

To replace any instruction with another, simply set the calculator 1o
the desired step of program memory, press @) DEL 1o delete the first
instruction, then press the keystrokes for the new instruction.

The editing features of the HP-67 have been designed to provide you
with guick and easy sccess to any part of your program, whether
for editing, debugging, or documentation. If @ program stops running
because of an error or because of an overflow, you can simply slide
the W/PRGM-RUN switch to W/PRGM 1o see the step number and
kE}'L'\ﬂl:h of the l.\peml_i,on that caused the error or overflow. If you

suspect a portion of your program is faulty, vou can use the (5
(=) (® (7] [@) operation from the keyboard 10 go to the suspect section,
then use the (753 operation in RUN mode to monitor every change
in caleulator status as you execute the program one step at & Hme.
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Problems

I, You may have noticed that there is a single keyboard operation,
EJ 55, that calculates the hypotenuse, side ¢, of a right iriangle
with sides a and b input (o the X- and Y-registers. Replace
the [=7, B=¥]. [, B2, and (5] instructions in the Pythagorean
Theorem program with the single B 53 instruction s follows:

a. Use the &8 [ [ @ and E55 keys to verify that the
Pythagorean Theorem program in your HP-67 contains the
instructions shown below.

007 WE)D

ooz @

oo 0 7 Replace all of these
ood 0[] instructions with a

o0s 2 B 53 instruction.

oos @ =

007 @ 69

oo [0 TN

b. Use the [ (=] [n] [a] [n] kevboard operation (o go to step
006, the last instruction o be deleted in the program,

¢. Use the B DEC keyboard operation in W/PRGM maode to
delete the instructions in steps 006, 005, (<, 003, and O02.

Mate: When madifying & program, you should always de-
lete instructions before you aad others, to ensure thal no
vital instructions ara “bumped” from the bottom of program
memaory and lost

d. Load the 8 3 instruction info step 002,
e, Verify that the modified program looks like the one below.
Lo @)@
oz B3
o3 @
004 O e |

f. Swirch to RUN mode and run the program for a right
triangle with sides a und b of 73 feet and 112 fest.
{Answer; 133.69 feel)
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The following progrim is used by the manager of i savings and
loan company 1o compule the future smounts of savings
accounts according to the formula FV = PV (1 +i)", where
FV is furure value or amount, PV is present value, i is the
periodic interest rate expressed as adecimal, and » 15 the number
of periods. With P¥ entered into the Y-register, n keyed into
the X-register, and an annual standard interest rate of 7.5%,
the program is:

|m B E0 |
002 [

(oo THEN |
o0d [

005 [ |
006 [7) -
007 3

oog B

oos 0@ (=3
ot DG

onn B

012 @ s

4. Load the program into the calculator.

b. Run the program to find the future amount of $1,000
invested for § years,

(Answer: 51,43%5.63)
Of 52,300 invested for 4 years,

(Answer; $3.071.58)

€. Alter the program 1o account for a change of the annual
interest rate from 7.5% to B%,

d.  Run the program for the new interest rute to find the future
value of $500 invested for 4 vears; of $2,000 invested for 10
years.

(Answer: $680.24; $4,317.85)
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The following program calculates the time it takes for an object
o fall to the earth when dropped from a given height, (Friction
from the air is not taken imte account.) When the program is
initialized by keying the height h in meters into the displayed
X-register and £Y is pressed, the time ¢ in seconds the object
takes 1o fall w earth is computed according to the formula:

2d
L 8.8 meters/sec

a. Clear all previously recorded programs from the calculutor
and load the program below.

g
S
El
n.

HEEEEEH

sg83sezs

[ J 3]
0 mml

=
-
=

b. Run the program o 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 1o compute the time of descent when the
height in feer is known, sccording to the formula:

2d
L 321740 feet/sec®
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d. Run the aftered 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 seconds; 9.16 seconds)

R/S| | PAUSE




Section B
Interrupting Your Program

Using
As you know, the {run/stap) function can be used either as an
instruction in a program or pressed from the kevboand,

When pressed from the keyboard:

1. If a program is running, stops the program.

2. If & program is stopped of nol running, and the calculator is in
RUN mude, stirts the program running beginning with the
current location in program memaory.

When execuoted as an instruction during a running program, stops
program execution after its step of program memory. If [RE] is then
pressed from the keyboard, execution begins with the current siep of
program memory. (When is pressed, the step number and
keycode of that current step are displayed—when released, execution
begins with thar siep.)

You can use these features of the [R7S] instruction 1o stop a running
program ai 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.
instructions are inserted in the program to allow you 1o key in
date at various points,

Shide the W/PRGM-RUN switch wercs [[IJllaw 1o W/PRGM.

Press Display
(/] 000 :
169
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Press Display

s Jumo o) [007 32 25 11]) Initialization routine,

a 002 31 43} storing discount

570 ] 003 33 oo| ] percentage in Ry,

oED D04 31 25 11

ENTER o 005 a1

EE) Stop to key in price.

(%] 007 71

=8 0 008 34 00

o 009 31 82

a Lo 51

sToj + [011__33 61 07 Add 10 running total in
R;.

8 1 Recall running total for

display.

@

In onder 1o calculate the cumulative total for each percentage of
discount, first inittalize the program by keying in the percentage value
and pressing B [5). Then key in the first quantity and press £,
When the prograin stops, key in the price for the first quantity, then
press (B to mesume excoution. The calculator will display the
running total. For a second quantity and price, key in the second
quantity and press I3 again; when the program stops mt the
nstruction, key in the price of the second item and press [RE] from
the keyboard again. The calculator will display the running total once

Imore.

For each new percentage of discount, you must re-initialize the
program by keying in the percentage value and pressing 1 [J.
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MNow run the program to calculate the cumulative total of the following
purchases at a discount of 15%:

Quantity Price of Each
5 § 7.35
7 §12.99
14 £14.85

Then run the program to calculute the cumulative total of the follow-
ing purchases ot o discount of 25%:

Quantity Price of Each
7 $4.00
12 £1.88
ar £68.50

To run the program:
Slide the W/PRGM-RUN switch wercom [l A 0 RUN,

Press Display

15 [75. | Key in percentage of
discount.

ngE 7500 | Initalize program.

50 (800 | The first quantity.

7.35 [31.24 | Running total.

8 7.00 The second guantity.

12.99 [Toas3 Running total,

14 0 [14.00 The third gquantity.

14.95 [775] 206.43 Cumulative cost for items
at |5% discount,

a5 [25. Percentage of discount,

oG [25.00 Re-initialize program,

T8 7.00 The first quantity.

4.99 26.20 Running total,

e A | 12.00

1.58 4392 ] Running towl.

Kyl o 37.00 '

.50 [278.95 | Cumulative cost foritems
at 25% discount.

172 Interrupting Your Program

If you have a number of halts for data entries in a program, it may
be helpful to *identify'” each step by recording a familiar number
into the program immediately before each [f78] instruction, When the
calculator then stops execution because of the (78] instruction, 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 eight stops for data inputs, it might be helpful
to have the numbers 1 through 8 appeor so that you would know which
mput was required each time. (Don't forger tho the *‘identification
number™ will be pushed up into the Y-register of the stack when
you key in & new number. )

Pausing in a Program

Pausing to View Output

As you know, a [R7E] instruction in & program halts exccution of the
program uniil [A78] is again pressed from the keyboard. There are
often imes when you may want & running program (o paase long
enough for you to write down or view an answer, and then resume
execution again sutomatically. On your HP-67, there are two
functions that are used 1o cause a running program Lo momentarily
passe, () and [PRSE] .

I [, when encountered as an instruction by a running program,
halts the program and displays the contents of the X-register for about
Sseconds, plenty of time to write down the answer, in most cases. 50
that you will know that the program has not stopped completely, the
decimal point blinks eight times during the pause. When the pause is
completed, the program resumes execution automatically with the
next instruction in program memory. If you press any key during an
) pause, program cxccution stops aliogether,

(h] {pause), when encountered as an instruction by a running
program, halts the program and displays the contents of the X-register
for about | second. This type of pause i usually employed where you
want to monitor the operation of a program, but where the recording
of answers is not important. When the pause is completed, the
Program resumes execution with the next instruction in program

memory. Unlike an ("] pause, you can key in numbers or execule
functions from the keyboard during a

The following example illustrates the operation of both types of
pauses (o view output,
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Example: Arthur Dimsdale is solely responsible for the night shift
a Tintoretto Tins, a canning company. For cach of several sizes of
cvlindrically-shaped cans, Dimsdale knows only the radius r and the
height b of each size of can, and the number of cans of each size.
He needs 1o first calculate the area of the base and display it long
enough to sct a dial on his production line (a 1-second display will
dot. Then he needs to know the volume of the can long erough to
write it down (this should take him about 5 seconds), and finally
he needs w know the totl volume of all cans of that size.

Solation: The program below first calculates the area A of the base by
the formula 4 = =%, and uses a [PADSE ] (o display the area for about |
second. Then the program calculates the volume ¥ of a single can
according to the formula V' = A  h, and uses an[__] pause 1o display
the volume long enough for Dimsdale to write it down. Finally, the
program multiplies the number of cans {a/ times the volume of each
can to compute the total volume of all cans of that size. The program
assumes that the number of cans (n) has been entered to the Z-register
of the stack, that the height & of the cun has been entered 1o the
Y-register, and that the radios » has been placed in the displayed
X-register.

To load the program into the calculator:

Slide the Program Mode switch weacw [ o to W/FRGM,

Press Display

n -1 DT o000

0ED 001 _ 31 25 11

0= 002 32 54

om (003 35 73|} Caleulates A = mrd.

(¥} 004 71

o 005 35 72| Displays 4 for about |
second.

[ ] 006 71| Calculates V' =4 X A,

o) (667 31 64| Displays ) of one can for
ahout 5 seconds,

a [ifiT] 71] Caleulates total volume.

0 #rw [ 35 22| Siops and displays total

volume,
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To find Dimsdale’s outputs if he had 20,000 cans with heights of 25
centimeters and radii of 10 contimeters:

Slide the Program Mode switch wencs [l rus 10 RUN,

f

Number n of cans.
Height & of single can.
Radius r of single can.

20000 ZOED 20000.00
25 EEN 25.00

il

Area of base of cin.

Volume of can in cubic
centimeters.
157079632.7 Total volume of cans in

cubic cenlimeters.

To find Dimsdale’s outputs if he had 7500 cans that were 8 centi-
meters high with base radii of 4.5 centimeters:

Press Display

7500 IE

- RENTER o 8.00

4.3 4.5

] £3.62 Base area of can in

s(juare centimetars.
Single can volume in
cubic centimeters.

3877035.07 Total volume of cans in

cubic centimeters.

I
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Pausing for Input

When the calculator executes a [PAUSE ] instruction, program control
actually returns 1o the keyboard for the period of time (about one
second) of the pause. You can use a [(PUSE] to key dats into or
perform functions from the keyboard, instead of using the [AE]
instruction to stop the running program completely. (Control does
et retum to the keyboard during an [ | pause, however.)

When you press any key dunng the one-second “*window™" while the
calculator is executing a [PAUSE] instruction. that key actually
operates, and you have an additional one second of time 1o view the
result or o press another key. If you press vet another key during
the subsequent one second, the calculator will perform that operation
and pouse for another second.

If you press a function key during a pause, the function key operates
upon the number contained in the X-register at the time. The result
of the function is then seen i the display for about one second.
Any function key that is programmable can also be operated from the
keyboard during a [PAUEE |

If you press o digil key, or o series of digit keys, during a pause.
the number appears in the display for the length of & pause (about
one second) after you key m the number. (If a number has been input
from the program immediately before the pause, that number is first
terminated by the [PAFSE ] instruction. ) The number that you key in is
terminated at the end of the pause. Any subseguent digits in g program
will then be part of a new number.

When & instruction has completed execution, the program
continues to be executed sequentially, If you have performed a
function, or keved in a number, program execution begins with the
next instruction using the number that is in the displayed X-register
at the end of the pause. (You can also read a magnetic card during
a[MUsE ], More about this in section 14, Card Reader Operations. )

Number termination occurs at the end of each [PSUSE ], so you should
not attempt o key in a number during more than one subsequent
pause. Since you have about one second after your last keystroke
to comtinue keying in digits or functions, you don't need more than
Bl instruction 1o key in ¢ven a very long number.

176 Inmterrupting Your Program

Example: The following program calculates the average of any three
numbers, which are keyed in during three pauses in program
execution. To key in the program;

Slide the Program Mode switch werosm [[IRRus 10 WIPRGM,

Priss Display

0 == 500

0o 001_ 31 25 11]

0= 00z 31 43

e 003 31 4z

—

0g5 35 72|  Pause to input first
number,

006 — 21

n 507 44

[h ] 008 35 72| Pause to inpul second
number.

5+ 009 21]

[cL =] 010 44

(1] 011 35 72| Pause 1o input last
number.

012 21

N 013 31 21 Caleulate average.

0 mmu 014 35 2

Mow run the program io find the average of 1, 2, and 3; of 157,
B39, and 735, Merely stan the program running by pressing £1,
then key in the desired three numbers during the successive pauscs.

Slide the Program Mode switch weram ] sus to RUN.

Press Display

n [ 0.00

| 0,00

2 0.00

3 [ 2.00 Average of 1, 2, and 3.
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(4] [000 |

157 0.00

£39 .00

735 57700 Average of 157, 839, and

735.

You can see that it is easy 10 key in a number of any length during
the execution of a pause instruction,

X>0

(x#0]

X

=0| X<y

GTO




Section 9
Branching

Unconditional Branching and Looping

You have seen how the nonloadable operation (5 2] [®) [®] [A] can be
used from the keyboard 1o transfer execution 1o any step number of
program memory. You can also use the go fo instruction #s part of
a program, but in order for G5 1o be recorded as an instruction, it
must be followed by a label designator (£ through [3, &0 [
through #8 [, or [0 through [8]). (It can also be followed by
[M—more about wsing [ later.)

When the calcularor is executing a program and encounters a (25 [
instruction, for example, it immediately halts execution and begins
searching sequentially downward through program memory for that
label. When the first &8 [0] [0 instruction is then encountered,
execution beging again,

By using a [0 instruction followed by a label designator in a pro-

£TEM, YOU can transfer execution o any pan of the program that you
choose,

0N
Exacution branches o next - ER
0@o ] .
|
|
|
|
|
‘= OO
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A imstruction used this way is known as an unconditional branch.
It always branches execution from the mstruction to the specified
label, (Later, you will see how a conditional instruction can be used in
conjunction with a B0 instruction o create a condirional branch—a
branch that depends on the outcome of a test.)

A common use of a branch is to create & “loop™ in a program. For
example, the following program calcutates and displays the square
roots of consecutive whole numbers beginning with the number 1. The
HP-6T continues to compute the square oot of the next consecutive
whole number until you press to stop program execution (or
until the calculator overflows),

To key in the program:
First, slide the Program Mode switch weaow I A 1o W/PRGM.

Press [ to clear program memory and reset the calculator to
step 000,

Press Display

oo [007 57 25 77]

@ [117 (1]

B3 1 003 33 07

o e [069 37 25 o7)

0 005 o1

[sroll+ 006 33 61 01] Adds | to current number
in R;.

1 00 i Recalls current number
from R,.

0 (FsEg) 008 k1] Displays current number.

oo 009 371 o4

(i ] 010 35 72| Displays square root of
current number.

EB 7 Transfers execution (0
E 5] 7 again.

o
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Torun the program, slide the Program Mode switch wencs Il row
to RUN and press B, The program will begin displaying a table of
integers and their square roats and will continue until you press [A7E]
from the kevboard or until the calculator overflows.

How it works: When you press E1, the calculator searches through
program memory until it encounters the 0 [0 ¥ insruction tha
begins the program. It executes that instruction and cach subsequent
instruction in order until it reaches step 011, the T instruction.

The 7 mstruction causes the calculntor o search once sgmin,
this time for a (] 7 instruction in the program. When it encounters
the 1] 7 instruction Ioaded in step 004, execution begins again from
that [75) 7. (Notice that the address after a instruction in a pro-
gram is a Jabel, not a step number.)

(oot B0
00z [@

003 G|
—=—-=| 004 @ 07
| oos [

' 006 BEE!

: oo7 31

| 008 [ (PausE]

| s B0

| 010 O [PausE]

l——— o @@7
o1z [ATH

Since execution is transferred to the (0] 7 instruction in step 004
each time the calculator executes the (3 7 instruction in siep 011, the
calculator will remain in this *'loop, " continually adding one 1o the
number in storage register R, and displaying the new number and its
square root.

182 Branching

Looping technigues like the one illustrated here are common and
extraordinarily useful in programming. By using loops, you take
advantage of one of the most powerful features of the HP-67—ihe
ability to update data und perform caleulations sutomatically, quickly,
and, if you so desire, endiessiy.

You can use unconditional branches to create a loop, as shown above,
or in any part of a program where vou wish to transfer execution to
another label. When the caleulator executes a I instruction, it
searches sequentiolly downward through progrium memory and begins
execution again al the first specified label it encounters.

Problems

I.  The following program calculates and pauses to display the
square of the number | each time it is run. Key the program in
with the W/PRGM-RUN switch wesowm [[[Ilrun  set o
WIPRGM, then switch to RUN and run the program a few times
tior see how it works. Finally, modify the program by inserting an
I [ [ instruction after the B | instruction in step 003,
and a E5) B 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 |,
display the new number and compute and display éts square, elc,
To load the original program, before modification, slide the
WIPRGM-RUN switch wencw [[Il=~ 10 W/PRGM. Then:

Press Display
0 5 looo

pE o] 001 31 25 12]
1] 0oz o0
57 ] go3 33 01)
1 004 01
5o+ 005 33 61 01
=S 1 D06 34 01
(] 007 35 72
BE
D [00s 35 72
B =w o1 a5 22

Run the program 1o generate a table of squares.
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Use the flowchan on the follow-
ing page o create a program that
computes and pauses 1o display
the future value (FV) of a com-
pound interest savings sccount in
increments of one year according
to the formula:

FV = PV(l +i*

where FY = future value of the savings sccount,
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 =numberof compounding periods (usually,
years).

Assume that program execution will begin withi entered into the
Y-register of the steck and with PV keyed into the displayed
Xeregister,

After you have wrinen and loaded the program, run it for an
initial interest rate § of 6% (keyed in as .06) and an initial deposii
{or present value, PV) of $1000.

(Answer: 1" year, $1060; 299 year, $1123.60,
3" year, $1191.02; a1e.)

The program will continue running until you press {or any
key), or until the HP-67 overflows. You can see how your
savings would grow from year 1o year. Try the program for
different interest rates i and values of PV,

Write a program using 550 that will use the factorial function
(M) to calculate and pause to display the factorials of succes-
sive integers beginning with the number 1. (Hint: Place 1 in a
storage register, recall it, then use storage register arithmetic to
increment the number in the storage register, eic.)

184 Branching
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Conditionals and Conditional Branches

Often there are times when you want a program to make a decision.
For example, suppose an sccountant wishes to write 4 program that
will calculate and display the amount of tax to be paid by & 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:

Koy i amgurd
ol moame

Is
FCOME Svel
$10.,0007
Cogmpuite Compubs

20% of incoma, 17 5% ol incomss

Disgl iy lna

186 Branching

The comditional operations on your HP-67 kevboard are useful as
program instructions to allow your calculator to make decisions like
the one shown above. The eight conditionals that are available on your
HP-67 are:

B F=7 tests 1o see if the value in the X-register is equal to the value
in the Y-register.

B = tests to see if the value in the X-register is unequal 10 the
villue in the Y-register.

a tests 1o see if the value in the X-register is less than or equal
to the value in the Y-register.

[ a] tests to see if the value in the X-register is greater than the
value in the Y-register.

[0 [ tests w see if the value in the X-register is equal to zero.
00 [ tests to see if the value in the X-register is unequal to zero.
[0 [ tests to see if the value in the X-register is less than zero,
[0 [ tests 1o see if the value in the X-register is greater than zero.
Each conditional essentially asks a question when it is cncountered as
an instruction in & program. I 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:

Conditional “i‘m ="
Yas - - :
Mg

-

R
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You can see that after it has made the conditional test, the calculaor
will ¢io the next instruction if the test is reve. This is the DO if

TRUE" rule.

The step immediately following the conditional tes! can contain any
imstruction. The moest commonly used instruction, of course, will be
a [ instrection. This will branch program execution to another
section of program memory if the conditional test is true.

Vo E Conditional Tast ——":
r—= (6] |
Instruction -
Instruction
Instruction
Instruction
e 1==]0)

. IHMI&H
Instruction
Instruction
|nstruction

Mo

Now let’s look a1 that accountant’s problem again. For persons with
incomes of more than $10,000 he wants 0 compute a tax of 20%.
For persons with incomes of $10,000 or less, the tx is 17.5%, The
following program will test the amount in the X-register and compute

and display the correct percentage of tox.

188 Branching

To key in the program:
Slide the W/PRGM-RUN switch wercw [[[Iillauw to W/PRGM,

ﬂ*ﬁﬂﬂ
ol

af =]
o
al

LA 4

E'Hﬂ
Q

(-1 -0
290
@

Ivisplay

ooa

gor 31 25 1
po2 43
[k [

Amount of §10,000

PR L

 If amount of income is
}grcmr than $10,000, go

to portion of program
defined by label B.

Tax percentage for this

portion of program is

005 J2 &1
006 22 12
[ 1
008 a7
0ea 83
010 05

an 22 13

12 31 25 12
013 02

17.5.

Tax percentage for this

[0 —og) ) PO of progm s 20
(o4 o0]

015 31 25 1}

016 31 82]
017 35 2]
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To run the program to compute taxes on incomes of 515,000 and
57,500

Slide the W/PRGM-RUN switch weecs IlllAuw to RUN,

Press Display
15000 0 3000.00 Dollars of tax
7500 B Dollars of tax.

Another place where you often want a program to 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 in that loop, executing the same set of instructions
over and over again, forever (or, more practically, until the calculator
overflows or you hall the running program hy pressing or any
other key).

You can use the decision- making power of the conditiona] instructions
to shift program execution out of a loop. A conditional instruction
can shift execution out of a loop after a specified number of iterations
or when & centain value has been reached within the loop.

Example: As you know, your HP-67 contains & value for e, the base
of natural logarithms. (You can display the caleulator’s value fore by
pressing | B (E].) The following program uses the series e = 1/0!
+ 111 + 12! + ... + I/n!to approximate the value fore. After cach
iteration through the loop, the latest approximation is displayed and
compared to the calcularor's value for e. When the two values are
equal, the execution is transferred out of the loop to stop the program.

180
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ilf o

Ao 1'n! to el
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To load the program into the calculator:
Slide the W/PRGM-RUN switch wenow [[[Illeuw 10 W/PRGM.

Press Display
0= 000

[ N mf 4] 001 31 25 11
[ i, I oo2 34 0
3o 003 34 00
[+ I3 004 35 81
0 & 35 62
(4] [T3 81
[osr J 007 23 05
570 ] 008 330
0 (e (008 35 72)
1 010 o1
- N 011

O =3 012 32 51
& 7 013 22 07
1
Bo 015 33 61 00
ol il 018 22 1
(] 7 01731 25 07]
0w 018 35 22|

To initialize the program ensure that the primary storage registers are
cleared 1w zero. Then press £ to run the program:

First, slide the W/PRGM-RUN switch wienow e to RUN.
Press

Display

/] Ensures that primary
storage registers are
cleared 1o zero initially.

4] 2.718z281828

You can see that execution continues within the loop until approxima-
tion for & equals the calculator’s value for e, When the instruction

E=3] in step 012 is finally rue, execution is transferred out of the loop
by the subsequent B8 7 instruction and halted by the ATH instruction.

192 Branching
Problems

Whrite a program that will caloulate the arc sine (that is, sin™") of
o value that has been keved into the displayed X-register. Test
the resuliing angle with & conditlonal, and if it is negative or
zern, ndd 360 degrees to it 1o make the angle positive. Use the
flowchart below to help you write the program.
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The program below contains u loop that displays consecutive
integers and their common logarithms. You can specify the
lowest integer by sloring a number in primary storage register
Ry, but the program will continue until you press or any
other key from the keyboard, or until the calculator’s capacity
for display is exceeded.

(o7 B (m)Es
|oo2 X9

| ooz [=M0
004 WD)
Coos 0 (RAEE)
| oo W (53
007 @ (EESE]
| oog |

oos BB EO
‘o0 ERO
o711 @ Fw

Using the additional instructions 058 8, (=7, @0 0 and (]
[1. vou should be able to modify this program to halt execution
when a certain number is reached. As you add these instruc-
tions, assume that the value for the upper limit has been manu-
dlly stored in primary storage register Ry,

When the program is running and the value in register R,
becomes greater than the limit you store in register Ry, program
execution should be wansferred out of the loop to the RTN)
instruction to halt the running program.

Modify the program, key it into the calculator, and initialize the
calculator by storing & lower limit of 1 in register R, and an
upper limit of 5 in register Ry, Then run the program. Your
displays should look like the ones on the next page. Try other
upper and lower limits. {The lower limit must always be greater

than zero, and the upper limit should be greater than the lower
limit. )

184
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Display

1.000000000
(0000000000
2.000000000
o01029956 ]
[3.000000000 |
0.477121256
[4.000000000
0.602059991
[ 5.000000000
0.698970004

Use the flowchart on the opposite page 1o help you write o
program that will allow a salesman to compute his commissions
il the rates of 10% for sales of up to 1000, 12.5% for sales of
$1000 1o 55000, and 15% for sales of over 35000, The program
should display the amount of commission when it stops,

Load the program &nd 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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GS

GSB f

0 O

RTN



Section 10
Subroutines

Often, a program coniains & certain series of instructions that are
executed several times throughout the program. When the same set of
instructions occurs more than once in a program, it can be executed as
a sibrouting. A subrouting is selected by the == (g tor subroutine)
operation, followed by a label address (£ through 3, [@) through

@Y or by 7] followed by [ through [J. You can also select a
subroutine with 2] [l —more about [7] later,

A[5) or [[Z1] instruction transfers execution to the routine specified
by the label address, just like a (0 instruction, However, after a
or instruction has been executed, when the running pro-
gram then executes a RTN {refurn ), execution is mransferred back to
the next instruction after the [0, Execution then continues sequen-
tially downward through program memory. The illustration below
should make the distinction between 5 and [ more clear.

Branch
Ea | , @a

ED 0O
'
e Exacution stops hera,
Subroutine
Ee  , @o
L ]
EDn |
%
. |
Exscution stops hara. L] HTH '
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In the top illustration of & branch, if you pressed [ from the keyboard,
the program would execute instructions sequentially downward
through program memory. If it encountered a 3 instruction, it
would then search for the next [C00) [[§ and continue execution from
there, until it encountered a M, When it executed the ®TN) instruc-
tion, execution would stop.

However, if the running program encounters a 3 (g0 10 sub-
routine B} instruction, as shown in the lower illustration, it searches
downward for the next ] [3 and resumes execution. When it en-
counters a ATN] {refurn), program execution is once again transferred,
this time back to the point of origin of the subroutine, and execution
resumes with the next instruction after the [ [

As you can see, the only difference between a subroutine and a normal
branch ts the transfer of execution after the AR . Afier a {15, the
next RTH| halts a running program; after a (£ or [E01), the next
RN returns execution back to the main program, where it continues
until another ‘RTN (or a [RE]) is encountered. The same routine may

be executed by B and (=] any number of times in a program,

Example: A quadratic equation is of the formar® + by +¢ =0, Iis two

roofs may be found by the formulas r, = =i 2:: —4ac  ond
-5 = WV =
O . ?:: 44¢_  Notice the similarity between the solu-

tioms for r, and ry, The program below permits you 1o key the values
fora, b, and ¢ beneath user-definable kevs£Y, [, and 3 ; the resultant
roots ry and r, are available by pressing & and 3 . Were you to record
this program on a magnetic card, the card might look like this:

SumoORATIC LpoTs P
é‘ r 2 Inag” mp,  —wp
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Here is a complete program for caleulating the two roots of a quad-
ratic equation:

Input & Input b Input ¢
ot ODEO o ODEID 007 DO
002 510 005 2 008 k]
oo @ Rw o006 @@ ATw oo [ R

Calculate r, Calculate ry
lero B EO 28 0[@G
011 [EN2 oze [FM2
(012 [ED (030 D
|01y [E§2 (o3 [EB2
(ot B 02 BE
‘o015 [E1 L"';ff;:;ﬁmﬁ 033 CENI
(o186 [T 3 memory are | 03¢ [IE83
017 @ identical 035 B
o184 036 4

o1s B [o3r B
‘20 B o3 =
o1 8@ 038 [
022 40 =2
023 9 o =8
029 2 42 I
‘025 B 043 B
026 B ' 044 0

027 @ fFw 045 @ =

Since the routine for calculating r, contains a large section of program
memory thal is identical to a large section in the routine for calculating
Fz. ¥OU can simply create a subroutine that will execute this section of
mstructions, The subroutine is then called up and executed in both the
solution for ry and the solution for ry:
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o0l HEIN

o002 1

003 [ oy

pod DA

005 570

006 RTH| -

oo7 L? @a 028 @ [2)8

oy I 027 [EN2
[ o28 B

0os B A | 029 [

o0 EEO / 030 Bhifl

o011 0BGy |——— / 031 [

o1z B / =

013 @1 I_’ 50 fg‘”

o142 e

015 8 f 035 ©

016 [ -] | 036 &

o170 A / e

018 gBEn / 038 @ =

o BB | - _ .

20 B

21 =51

o2z 2

23 o

024 =

025 0@

With the modified program, when you press [, exccution begins with
the [ [0 instruction in step 010. When the [ 8 instruction in
step 011 is encountered, execution transfers to [ 8 instep 026 and
computes the quantities —b and V&* — 4ae, placing them in the X-
and ¥-registers of the stack, ready for addition or subtraction. When
the [ATM| instruction in step 038 is encountered, execution ransfers
back to the main routine and continues with the §J instruction in step
012. Thus the root ry is computed and displayed, and the routine stops
with the (ATH| in step 017,
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When you press I3, execution begins with (0] 13, transfers out to

execute the [7) § subroutine, and returns. This time VA — dae is
subtracied Trom —F, and rood ry 15 computed. By using a subroutine,
seven steps of program memory are saved!

To key in the program and the subroutine:
Slide the W/PRGM-RUN switch wenos [TTIlRus 10 W/PRGM.

Press Display

o

(1] A ] 001 37 25 11

570 | ooz 33 07 ; Stores a i R,.
B 003 35 22

a o [00d 371 25 12]

2 005 33 02|} Stores b in Ry,
0 s 008 35 22

nE@A 007 31 25 13)

B3 3 008 33 03] } Stores ¢ in R,
0O = (003 35 22|

1] a [G70 31 25 14

I=] (@77 _31 22 08)

g! ] L S ;:H Calculates

2 014 g [ =Rt Vh — e VT — dac =r,.
o 015 71 2a

<] [G7&  B7]

0 o175 22 J
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Press Display

) Yo : | 018 31 25 15

o 8 [018 31 22 08

= [o20 _—  51]

Calculates
1 021 34 01 o

im 022 @ [Vt _,

o 023 71 .

e 02s o1

. ATH 025 35 22

o s [026 31 25 o8

G=Y 2 027 34 02]

CHS 2 . -

2 029 34 02

030 2

?EIE] ﬂ Subroutine places —b in
03134 01) Y-register and Vb® —dac

3 a32 303 [ X-register, ready for

? 033 L] addition or subtraction.
034 04

[ ] 035 1

= 036 51

o 037 31 54

o = 038 35 22

To initialize the program, you key ina and press £, key in b and press
3. and key in ¢ and press . Then, to find rootr,, press . To find
root ry, press @,

Run the program now to find the roots of the equation x* +x —6=0;
of 3Ix* +2x - 1 =0,

To run the program;

Slide the W/PRGM-RUN switch werncw [JlDRw to RUN,
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Press Display

A 1.00

10 1.00

fEE B [-6.00

(0] |_2.00 Calculates the first root,
Ti.

o Calculates the second
o, Ta.

3

20

1E3 -1.00 _

0.33 Calculates r;.

a - I'.E | Calculates ry.

If the quantity 5* — dac is a negative number, the calculator will dis-
play mi the running program will stop. For a more
efficient and accurate method of finding the roots of a quadratic equa-

tion, see the Polynominal Evaluation program in vour HP-67
Standard Pac,

Note: When loading instructions Into the calculator in
W/PRGM mode, you can load an [ [ B through 3 or
al [ theaugh [2] instruction by simply pressing
the appropriate user-definable key(s). For example, toload
the instruction K3 (-3 I3, you can simply press B ; the
keyeode for 00 [C7] E3, 31 22 11, willappear in the display.
For clarity and ease of relarence, however, the complete
kaystroke sequence is always shown in this handboak,
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Routine-Subroutine Usage

Subroutines give you extreme versatility in programming. A sub-
routine can contain a loop, or it can be executed as part of a loop,
Another common and space-saving trick is 10 use the same routing
both as & subroutine and as part of the main program.

Example: The program below simu-
lates the throwing of a pair of dice,
pausing to display first the value of one
die {an integer from 1 to 6) and then
pausing to display the valug of the
second die (another integer from 1 1o
6. Finally the values of the two dice are
added rogether 1o give the wotal value.

The “heant™ of the program is a random number generator {actually
a pseudo random number generator) that is executed first a2 o sub-
routing and then as part of the main program. When vou key in a
first number, called & “seed™", and press E3, the digit for the first die
is. penerated and displayed using the ¥ [Z] routine as & subroutine.
Then the digit for the second die is generated using the same routine
as part of the main program.

To key in the program:

Slide the Program Mode switch wiercw [IIlAw 10 WIPRGM.
Press Display

L] 060

oEn (007 37 25 11

i [T 37 43

& 0 003 33 00

B EOE 004 32 22 15| [E] exccuted first as

subroutineg.
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s | o) 005 32 25 15

mcL M 006 34 00

9 [007 09

9 008 [

7 [il] o7

(=] ] 7

a 011 32 83

510 JY 012 33 00

6 013 08

[} [o14 711} [E] then executed a8 a
1 Q15 01| routine.
016 61

B E o017 31 83

B3 o 018 23 00

o [o78 38 72|

sto ff « [ (020 33 61 07

1 021 34 01]

[+ RG] [ozz 35 22

Now slide the W/PRGM-RUN switch 1o RUN and “'roll™ the dice
with your HP-67. To roll the dice. key in a decimal “seed”” {that
is, 0 < m <= 1). Then press £, The calculator 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, key in a new seed
and press £ again,

You can play a game with your friends using the **dice,”" If your first
“roll” is T or 11, you win. If it is apother number, that number
becomes your **point."" You then keep rolling”’ (keving in seeds and
pressing B3 ) until the dice again total your point (you win) or you
roll 4 7 or an |1 {you lose). To run the program:

Slide the Program Mode switch weros JIlIIas w RUN.
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Press Display

23S0 10. Your point is 10

333589710 5. You missed your point.

J9987562 13 8, Missed it again.

9987563 0 10. Congratulations! You
win,

Mow try it again.

Press Display

21387963 B [% Your point is 4.

6638975 0) . S—

Whoops! You lose.

Subroutine Limits

A subroutine can call up another subroutine, and that subroutine ean
call up yet another. Subroutine branching is limited only by the num-
ber of returns that can be held pending by the HP-67, Three subrouting
returns can be held pending st any one time in the HP-67. The dia-
gram below should make this more clear,

Three returns can be pending.

Main Program
=a 4 g | 56| 4 &0
| | 7 |
mmfmmfic o,
=0l ol i 10
oy BE &
1 |
N Y
LY i
.I ] | .l'!'iil WM | (WM
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The calculator can return 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...

Main Pragram
(e | [0 ([BEe)| /@B /=@
f | L) iy ."I. 4
1 Mm@
|EI , L |/ [} (@@l
A I, ) ¢ .
1 (=el ] T
L _"‘ ' Y
N m] ts] =
+__H.|nnmﬁmmﬂqpm.

Naturally, the calculator can execute the [RTH] instruction as a siop
any number of times. Also, if you press £} through 3,00 O] through
0G0 E 0 through i 5 3.0 £ 0through® () 9,
or @ 50 through B} =] from the keyboard, all pending
(AT instructions are forgotten by the calculator.

If you are executing a program one step at a time with the B33 key
and encounter a or [0 1] instruction, the calculator will execute
the entire subroutine before continuing 1o the next step, However,
only one (ATN instruction may be exccuted ns the result of a 0] or
instruction during single-step execution, 5o if a program con-
tains a subroutine within a subroutine, exccution will not return to the
miin program dunng B30 execurion.
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Problems

1. Look closely at the program for finding roots ry and r,
of a quadratic equation (page 2000, Can you see other instruc-
tions that could be replaced by a subroutine? (Hint: look at steps
013 through 016 and steps 021 through 024.) Modify the pro-
gram by using another subroutine and run it to find the roots of
sy —6=0i0f3 +2x -1 =0

(Answers: 2, =3; 0.31, —1)
How many more steps of program memory did vou save?

2. The surface area of a sphere can be calculated according to the
equation 4 = 4w, where r is the radius. The formula for

1
finding the volume of & sphere is ¥ = AT This may also be

3
rxa

expressed as I =

Create and load a program to caloulate the area A of a sphere
given ils radius r. Define the program with(7 ] £ and #m and
include an initialization routine to store the value of the radius.
Then create and load 8 second program o calculate the volume

XA . Define this sec-

V' of a sphere, using the equation V¥ = :

ond program with {%and (ATN , and include the instruction
[ ] [ w use a portion of program ) as a subroutine
calculating areéa.

Run the two programs 1o find the area and volume of the
planet earth, a sphere with a radius of about 3963 miles. Of the
earth's moon, u sphere with & radius of about 1080 miles

Answers: Earth area = 197359487.5 square miles
Earth volume = 2.6071 188 ® 10" cubic miles
Moon area = 14657414.69 square miles
Moon volume = 5276669290 cubic miles
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Create, load, and run a program that will display all permuta-
tions of any three integers that you have stored in registers R,
R, and Ry. For example, all permatations of the integers 1, 2,
and 3 might be displaved as:

123
132
213
231
312
£ |

The following subroditing will cause the digits you recall from
R;. Rs, and R 1o be displayed as a permutation in the order vou
have recalled them. Use the subrouting and the flowchar on the
following page to help you create and load the program.

| [mnfl

1

0

0

x ]

0 =7 This subroutine pauses 1o

1 display numbers recalled into
0 the Z-, Y-, and X-registers of
] the stack as mnrn.

JCD

0

0 =

The program should recall the contents of storage registers R, ,
Rs. and Ry into the Z-, Y-, snd X-registers of the stack and then
use the **display nnn’’ subroutine to show them in the order that
they are recalled.
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3!
2
i

3 O

&
3%

g

.A

A F
1 H

]
Ea'

i3

Aeoail
R, A,

By
HH

$
;a

»
o
]

i
;u

gy
i
iw
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When you have created and loaded the program, store the digits
5, 7. and 9 into storage registers R,, Rq, and R,, respectively.
Then run the program to show all the permutations of these three
numbers.

Answer; 579
795
a57
597
750
975

DSZ

STI

RCI

X%

|

ISZ




Section 11

Controlling the I-Register

The I-register is one of the most powerful programming tools avail-
able to you on your HP-67. In & preceding section, Storing and
Recalling Numbers, vou learned about the use of the |-register as a
simple storage register, similar to registers R, through Ry, Ry through
Rg, and Ry through Ry, And of course, you can slways use the
I-register this way, ns another storage register, whether you are using
it as an instruction in & program or operating manually from the
keyboard,

Using the instructions 871, (I, and (x| in conjunction with other
instructions, you can specify the storage register addresses of B and
E5 . the labe] addresses of [, 520, and [0, or the number of
digits displayed by the E23 instruction. By storing o negutive number
in the I-register, you can even transfer exécution Lo any step
number of program memory, The (02 and (2 instructions
permit you o increment (add | to) or decrement (subtract 1 from)
the current value in I, while (0] and [0 allow you o incre-
ment or decrement any storage register. These are features
that you will find extremely useful in controlling loops.

Storing a Number in I

To store a number in the [-register, you can use the 0} 'sT1 operation.
For example, to store the number 7 in the l-register:

Ensure that the W/PRGM-RUN switch wenowm Jl[MrAun is set to
RUN.

Press Display
70 s

213

To recall a number from the I-register into the displaved X-register,
you use @) [Acy:

Press Display
[e00 ]

The number stored in | is
recalled.

A (#ci 7.00 ]

Exchanging x and |

In a manner similar to the (53] and () operations, the @ [*:1) oper-
ation exchanges the contents of the displayed X-register with those of
the l-register. For example, key the number 2 into the displayed
X-register and exchange the contents of the X-register with those of
the [-register now:

Press Display

2
0 = 7.00

When you pressed [x31], the contents of the stack and the I-register
were changed. ..

Contents of X-register
and I-register exchanged.,

++s from this ... +«« 1o this.

T 000 T o000

Z 0.00 Z 000

Y 700 Y 700

X | 200 | Display X | 7.00 | Display

N~ 700 i (200 |1
To restore the X-register and [-register contents to their original
positions:

Press Display
(b BECH [2o0
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Incrementing and Decrementing

the I-Register

You have seen how a number can be stored in the [-register and then
changed, either by storing snother number there, or by using the
@ =i operation,

You will find either of these methods wseful, whether you are
utllizing them as instructions in a progrum or using them manually
from the keyboard,

Another way of altering the contents of the l-register, and one that
is most useful during & program, is by means of the & [
fincrement f, skip if zero) and B0 ) (decremens . skip if zero)
instructions, These instructions either add the number 1 to (increment )
or subtract the number | from (decrement) the l-register ench time
they are executed. In & running program, if the number in the
I-register has become zero, program exccution skips the next step after
the [C7] or [0 instruction and continues execution (just like a false
conditional instruction).

The B [EZ) and B instructions always increment or decre-
ment first; then the test for zero is made. For test purposes, numbers
between but not including —1 and +1 are the same as zero.

Example; Here is a program that illustrates how 00 ] works.
It contains a loop that pauses to display the current value in the
I-register, then uses the 1 [7] instruction to increment that value.
The program will continue to run, continually adding one to and
displaying the contents of the l-register, until you press (or any
key) from the keyboard.

To key in the program:
Slide the W/PRGM-RUN swirch wercw [Tl #un o W/PRGM.

Press Display

o

nEon

o ki Recalls T-register
contents.

b} 003 35 72| Pauses to display

contents.
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Press Display

1+ (i) 31 34| Adds | to l-register,

(Grofi A ] 005 22 11] T comtents of T-register
are mod 7ero, execution
transfers back w200 £

1 [[oo8 01]  If contents of I-register
are zero, | is placed in
I-register,

[871] [oo7 35 a3

o | 008 22 11

o & (009 35 22

MNow run the program beginning with a value of 0 in the [-register.
Stop the program after five iterations or so by pressing [RFE].

Slide the W/PRGM-RUN switch wencu [l mAus 0 RUN,
Press Display

O sti 0.00
[ 4] [ 0.00
00 A——

1.00

L 2.00
3.00
4.00
5.00
Although the [“7] and (7] instructions increment and decrement the

I-register by 1, the value of the l-register need not be a whole
number,

Zero stored in l-register.

For example:
Press Display

suEn@Ey [z
n =528
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In practice. you will find that you will usually use [ and [ with
numbers thal are integers, since these instructions are most useful
as counters—that is, to control the number of iterations of a loop—
and to select storage registers, subroutines, or display sertings,
{More sbout using the I-register as a selection register later.)

The {decrement I, 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 program
exccutes an IF [ instruction, for example, it subtracts | from
the contents of the [-register, then tests 1o see if the l-register is 0.
(A number between +1 and —1 tests as zero.) If the number in the
L-register is greater than zero, execution continues with the next step
of program memory. If the number in the l-register is zero, the
culculator skips one step of program memory before resuming
execution,

Example: The island of Manhsttan
was sold in the year 1624 for $24,00.
The program on the next page shows
how the amownt would have grown
each vear if the orginal smount had
been placed in a bank account drawing
5% interest compounded annually. The
number of years for which you want 1o
see the amount is stored in the
I-register, them the (2] instruction
i used to keep track of the number of
iterations through the loop.

Were you to prepare & magnetic card to store this program, it might
look like this:

¢ MAHATTAN VALVE

=, = 3
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To key in the program:
Shide the W/PRGM-RUN switch wencw [ITIlmw 10 WIPRGM,

Press Display

o

m ] o0 31 25 11

Qs 002 35 33

1 003 01

& ood 08

2 005 02

4 ooe Initialization routine.
BE 1 | 007 30

- (008 02|

4

Gm 2 [or0____33 02

B mm 011 35 22

oMo

2

5

nE [015 31 83 | Counting loop, con-
6D @2 trolled by I-register

1 017 o1 | and £,

GEg! 018 33 &1 01

t] 018 31 33

(aroln) 020 22 12

=N 1 021 34 01 -«When value in [ becomes
B3 0 022 23 00] zero, execution skips to
0 (st 023 35 72| here, and year and
=N 2 024 34 02 amount are displayed.
32 025 23 02
I (Pause ] [ozs 35 7.
o am [ oz7 35 2
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To run the program, key in the number of years for which you want
o see the amount. Press B to store the number of years in the
I-register and otherwise initialize the program. Then press [3 to run
the program.

For example, to run the program to find the amount of the account
afler 5 years; after 15 years:

Slide the W/PRGM-RUN switch weacs [lI A 10 RUN.

Press Display
50 (400 ] Program initialized.
o [1628.
|L30.83 After five years, in 1629,
the account would have
been worth $30.63.
158 24.00 ] Program initiahized,
(e [1639. |
After 15 years, in 1639,

the account would have
been worth 549,89,

How it works: When you key in the number of years and initialize
the program by pressing £J, the number of years is stored in the
I-register by the 571 instruction. The year (1624) is stored in primary
storage register R,, and the amount ($24.00) is stored in primary
slorage register Ry.

When you then press (3, caleulation begins. Each time through the
loop, 5% of the amount is computed and added 10 the amount in
B, and one (1) year is added to the vear in R,. The [ instruction
subtracts one from the l-register; if the value in 1 is not then zero,
execution is transferred back to[T1 £ and the loop is executed again.

The loop continues o be executed until the value in the I-register
becomes zero. Then execution skips 1o the 1 instruetion in
program memory step 021, Exccution continues sequentially down-
ward from step 021, recalling the current year from R, and formaring
and displaying it, then recalling the current amount from Ry and for-
matting and displaying that following the year.
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To see what the amount in the account would be in 1976, you can
key in the number of years from 1624 o 1976 (the number is 352)
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

I, When you press B3, the program below stores in primary regis-
ter Ry a number that you have keyed in, then decrements the
value in By using storage register arthmetic, Each time through
the loop, the program pauses 1o show the current value in By,
When the valoe in Ry reaches zero, the program stops. Write,
load, and rmun a program that uses the l-register and 0 [
instead of Ry and I8 ] to give the same results.

o

|

~rBRES
i

=
"5's

1
0 e

2. Wnite and load a program using T to illustrate how an initial

deposit of $1000 wounld grow vear-by-vear at a yearly com-
pound interest rate of 5.5%. The progrom should display the
curmrent vear (and subsequent vears), followed by the value of the
account for each year. The program should contain an infinite
loop that you can stop by pressing (B3] from the keyboard
whenever you wish. Run the program to display the years and
amounis for of least 5 years,

3. Write, load, and run a program that will count from zero up to a

limit using the [C7] instruction, and then count back down 1o
zero using the [ instruction. The program can contain (wo
loops, and it can contain a conditional instruction besides the
2] and [ instructions. Use the flowchart on page 221 10
help vou,
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Section 12
Using the I-Register

for Indirect Control
You have seen how the value in the I-register can be altered using

the l-register can also be used to control other operations. The
(#ndirect) function combined with certain other functions allows you
to control those functions using the current number in the [-register,
[ uses the number stored 10 the l-register as an address,

The indirect operations that can be controlled by the T-register are:

EE3 [@, when the number in the T-register is O through 9, changes
display formatting so that the number in the display contains the
number of decimal places specified by the current number in the
L-register.

[, when the number in the I-register is O through 25, stores
the value that is in the display in the primary or secondary storage
register addressed by the currenl number in the [-register.

(=8 [0, when the number in the I-register is O through 25, recalls
the contents of the primary or secondary storage register addressed
by the curmemt number in the I-register.

B @ m, 55 @ M, 55 8 [, and 53 8 @, when the namber
in the I-register is O through 25, perform stomge regisier arithmetic
upon the contents of the primary or secondary storage register
addressed by the current number in the l-register.

B [0, when the number in the I-register is 0 through 25, in-
crements (adds | ro) the contents of the primary or secondary storage
register addressed by the current number in the I-register, In a running
program, one step is skipped il the contents of the addressed register
are then zero,

224 Using the |-Register for Indiract Control

B [0, when the number in the l-register is 0 through 25, de-
crements (subtracts 1 from) the contents of the primary or secondary
storage register addressed by the cumment number in the I-register. In
& running program, one step 15 skipped if the contents of the addressed
register are then zero,

([, when the number in the 1-register is 0 of a positive 1 through
19, transfers execution of a running program sequentially downward
through program memaory 1o the next lebel specified by the curremt
number in the [-register.

@, when the number in the l-register is o nepative number
between —1 and —990, transfers execution of a running program
back in program memory the number of steps specified by the curment
negative number in the T-register,

1] [, when the number in the l-register is 0 through 19, transfers
execution of a running program to the subroutine specified by the
current number in the [-register. Like o normal subroutine, when a
[RTH] is then encountered, execution transfers forward and continues
with the step following the M instruction.

] (@, when the number in the L-register is a negative number
between —1 and —999, transfers execution of a running program
back in program memory the number of steps specified by the current
negative number in the l-register. Execution from that point is like a
normal subroutine, so if a [FTN instruction is then encountered,
execution is transferred once again, this time to the next instruction
after the m.

If the number in the l-register is outside the specified limits when the
calculator attempts o execute one of these operations, the display will
show IE . When u.s'in.g : , or , the caleulator
uses for an address only the im:;ger portion of the number currently
stored in the I-register. Thus, 2599998785 stored in the [-register

retains its full value there, but when used as address [0, it is read
a5 25 by the calculator,

In all cases using the [0 fingirect) function, the HP-&T
looks at anly the integer portion of the curent number
stored in the 1-register.
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You can already see that using the I-register and [0, [0, and
in conjunction with these other functions gives you a tremen-
dous amount of computing power and exceptional programming
control. Now let's have a closer look it these operations.

Indirect Display Control

You can use the current number in the l-register in conjunction
with the key 1o control the number of decimal places to which a
number is displaved and printed. When [ is performed, the
display is seen rounded 1o the number of decimal places specified by
the current value contuined in the l-register. (The display is seen
rounded, but of course, the calculator maintains its full accuracy, 10
digits multiplied by 10 raised to o two-digit exponent, internally. )
The number in the I-register can be any value, positive or negative,
from O through 9. The EEE [ operation is most useful as part of
a program, but it can also be executed manually from the kevboard.

For example:
Slide the W/PRGM-RUN switch wercs [lIAus to RUN.

Press Display

5@ =1 ET

0.00 Narmal FIX 2 display.

D m 0.00000 FIX 5 display specified
because of the number 5
that is stored in the
l-register.

S0 =T 5,00000

05+ i [ 5.000000000 FIX 9 display selected by
the number in the
I-register.

Thus, by controlling the number in the l-register, you can control
many different display options with very few instructions in a
program.
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Example: The following program pauses and displays an example of
each display format that is available on your HP-67. It utilizes a

subroutine loop containing the [0 and CE3 (1) instructions 1o auto-
matically change the number of decimal places printed.

To key in the program:
Slide the W/IFRGM-RUN switch wencs [T fum to W/PRGM.

Press Display
o 000
WO 001 31 25 1T .
s =03 — Initializes program,
[ 3] 003 32 23] | Mlusirates scientific
DEEN o004 31 22 12| | notation,
0 ec [pos 35 23] | Mlusirates engineering
BE0 00E 31 22 12| | notarion,
i § | oo 31 23| | Specifies fixed point
0o (008 37 25 72] | notation.
009 [i] . .
; 511 Initializes 1-register to 9.
11
85’ ) se st s
l'-’kﬂﬂ!l 513 37 23 places to current value in
l-register.
[ 1 ] 014 35 72 T
o 3 015 37 33]
G2 o 016 27 00)
0 mco 077 35 34]
=3 @ o018 23 24
[h] (o718 35 72
0 " o20 35 22
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e oo and wes he types: of display Fmmting Sesilshle If a number containing o fraction is stored in the l-register, 550
:: “::’r H;f:?sﬂ e [ reads only the integer portion of the number. Thus, the T-register
I? ) can contain & number as large as 9999999999, and the [0 [0
Slide the W/PRGM-RUN switch wenom Il run to RUN. operation will still execute. For example:
Press Display
D 9.000000000_00
[5.00000000 _00] Pres Dlaghay
[7.0000000  00]
(500000010 9.99999999 3599969089
[S.00000 00 = g @ s 10.0 Display is rounded, but
(7 o000 00 Scientific notation. number maintains its
R original value inside the
caleulator,
(200 0d
Lo ! B30 9.909998959 | Since the HP-67 is now
ﬁ] 5.00000000 in FIX mode, executing
| 9.000000000 00| i
= 8.0000000 the subrouting loop yields
:-m 7.000000 the illustration of fixed
S point notstion.
g-wﬂﬂﬂﬂ 0g (50000 ]
[ 5.00000 __0d '
. ool { Engineering notation. 4.000 —
- 4.00
3.000 00 (20 ]
2.00 0a 7
L LR,
8. 000000000
&.00000000
%r.mm The HP-67 displays if the number in the l-register
[ 6.000006 is greater thun 9.999999999 when a EEJ [ instruction is executed.
[ 5.00000 For example:
[9.0000 ¢ Fixed point notation,
3.000
2.00 Press Display
(e ] 100 st [7a
[0 ] | mEo [Emor )
(& ]
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As with all emmor conditions, pressing any keyv clears the error and
returns to the display the last value present there before the error.

Press Display
s

By uwing EE3 [. vou have remendous versatility in the types
of output formars your HP-67 produces. With B3 @ instructions,
for example, the width of a displayed number (that is, the number of
characters displayed) can be made dependent on data,

Indirect Store and Recall

You can use the number in the l-register to address the 26 storage
registers that are in vour HP-67. When you press B [, the value
that is in the display is stored in the storage register addressed by the
number in the |-register. [ addresses the storage registers in a
like manner, as do the storage register srithmetic operations EIE
[, &5 & 0, EE) B[, and EE 8 @ . (If you have forgotien
the normal operation of the storage registers, or of storage regisier
arithmetic, go back and review section 4, Storing and Recalling
Mumbers, in this handbook.)

When using EE [0, (=8 [0, or any of the storage register arithmetic
operations utilizing the [l function, the [-register can contain numbers
positive or negative from 0 through 25. The numbers O through
address primary storage registers Ry, through Ry, while numbers from
10 through 19 will address sccondary storage registers Ray thmough
Rss. (You do not have 1o use the [2] function with [ .} Numbers
20 through 24 address storage registers Ry, through R, and with the
number 23 in the I-register, [} addresses the T-register itself?

The diagram on the following page should illustrate these addresses
more clearly.

230 Using the I-Register for Indirect Control

Primary Registers

([ Address

L

Re [ ] 24

]

o E—

Rs [ ]2

AR — 20
Secondary Registers

1] Address
R[] 19
) — R
Rl ] 17
R[] 16
Ra— 115
N —
R[] 13
Ra ] 12
RER Y
R[] 10
{1} Address

Y —

R s

R 17

RC____18

R[5

i —

L5 —

Y —

o —

R _Jo

By using the calculutor manually, you can easily see how [0 and
[0 are used in conjunction with the I-register to address the
different storage registers:
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Ensure that the W/PRGM-RUN switch werau [llJruw is sct o
RLUMN,

Press Display

=2

o b.00 Clears all storage

1] 0.00 registers, including the

o 0.00 I-register, 10 zero.

5@ sty E] Stores the number 5 inthe
T-register,

1L.280 m [123 ] Storesthe number 1.23in
the storage register
addressed by the number
in J—that is, storage
register Ra.

240 st This number stored in the
the 1-register,

#5083 (G This number stored in the
stornge register (Rg)
addressed by the current
number (24} in L

120 sty (7200 | Stores the number 12 in
the I-register.

TTED 43

m | 7./00000000 24| Stores the number 7.7 %

10% in the storage register
addressed by the number
in [—that is, in secondary
storage register Ry,

Notice that the number was stored directly in secondary storage
register Ray. You do not have to use the (] function 1o access the
secondary storage registers when wsing the [ function,
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To recall numbers that are stored in any register, yvou can use the

frecall) key followed by the number or letter key of the register

address, (For secondary, storage registers, use the 2] function 10

exchange contents of the primary and secondary registers before using

the =8 function.) However, when the address currently stored in the
[-register is correct, you can recall the contents of a storsge register
by simply pressing [ (or =8 [@). For example;

Press Display

5 [023 ] Contents of storage
register By recalled to
displayed X-register.

m Since the Lregister still
containg the number 12,
this operation recalls the
contents of the storage
register (secondary
register R, ) addressed by
the number 12.

By changing the number in the I-register, you change the address
specified by EID [ or CEY (0. For example;

Press Display

4@ s 24.00

m [85083.00 | Contents of storage
register Re recalled to

s@ s . displayed X-register.

= m (123 | Contems of storage

register Ry, recalled to
displayed X-register.
Storage register arithmetic is performed upon the contents of the
register addressed by Iy sind ED @, ED 2 0. 68 0 @,
and B & [ . Again, you can nccess any siorage register, primary
or secondary —you never have to use the [[] function when using
the l-register for addressing. For example:
Press Display
(§stof+ R One sdded to number in
storage register (Ra)
currently addressed by
the [-register.
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Press Display

3 m 2.23

2 Bm 2.00

m 4.48

s

Naturally, the most effective use of the l-register as an address for
B and =8 is in a program.

Example: The following program uses a loop to place the number
representing its address in storage registers R, through Ry, Rsg
through Rsy, and R, through Ry. During each iteration through the
loop, program execution pauses 1o show the current value of [,
When [ reaches zero, execution is finally transferred out of the loop
by the 3 instruction and the program stops.

To kev in the program:

Slide the W/PRGM-RUN switch werow [TEERAN o W/PRGM,

Pres Display

(1] 000

[ 1] o 001 31 25 11

]

a

i Program initialized.

2 005 _ 0z

5 006 05

0 sy 007 35 33

1] E:I 1 008 31 25 07| | Current value in I stored

(1 REETY 008 35 34 } in storage register

570 Bl 010 23 24| ) addressed by 0.

(h ] 011 35 72| Pause to display current
value of I,

1] 012 a1 33| Subiraci one from value
in [-register.

I If 1#0, execute loop

again.
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(1] 14 35 74] Otherwise, display the
contents of all the pri-
mary storage registers,

0

0 016

i o017 31 42|  Restores contents of
secondary stornge
registers for possible later
calculstions.

ACt n18 34 34

0 = 019 35 22

When the program is run, il begins by clearing the storage registers
and placing 25 in the l-register. Then execution begins, recalling the
current value in the T-register and storing that number in the
corresponding address—for example, when the I-register contains the
number 17, that number is recalled and stored in the storage register
{Ra;) that is addressed by the number 17, Each time through the loop,
the number in the [-register is decremented, and the result is vsed
both as data and as an address by the EZE [0 instruction. When the
number in the l-register reaches zero, execution transfers out of the
leop and the contents of all primary slorage registers are displayed by
the automatic register review function.

To run the program:
Slide the WPRGM-RUN switch werron [T w10 RUN,
Press Display

(] Z5.00
24.00
sic.

Notice that the contents of the l-register have been decremented 1o
zero,

You do not have to address secondary storage registers Rs, through
Rsy indirectly by using 0 and (Z8 [@. In some cases,
in fact, using the 3] function in conjunction with @ and
@ can be a powerful programming tool, since you can use the
same instructions 1o process two sets of data.
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For example, suppose you had quantities 4,, 4., A5, 4, 4, stored
in primary storage registers R, through R, and quantities 8, 8,, By,
B, amd By stored in secondary storage registers Ry, through Ras.

An
By

If you wanted to find the average value an‘L + Az

8, B,y

o

{where n =5, in this case) vou could use 759 [0 and [ in con-
junctibn with the ] function as shown in the program below.

To key in the program:
Slide the W/PRGM-RUN switch weenow [IIMMAUN to W/PRGM.

Press Display

o

0Ee 007 31 25 13

5 [ —

m sn 003 35 33| Sets number of iterations
through loop.

1] I ooq oa

0 005 33 00

0 s 006 31 25 08

N m 007 34 24

[ ] 008 35 72] | A, and B, brought into

(] 009 d71 42] ¢ Y- and X-registers and

m 010 34 24| | displayed.

(h ] o1t 35 72

- (072 81

a 013 31 42] Original contents of
secondary storage
registers restored to those
registers,

0 Total stored and updated
in register R,.

B = 015 37 33
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B3 & 016 22 08| If, after decrementing,
1 has not reached zero,
execute the loop again.

=3 0 o17 34 00

5 (3] 05

=] 019 B1] | Otherwise, compute,
[ 9 (020 23 08) } format, and p-u:l:m dis-
1] 021 41 84] | play average, and stop.
3 2 FE] 23 02

o " 023 a5 22

Now run the program for the following values of A and B,

A | 73 a1 876 115.9 244 8
8 I 21 47 o8 10288 179

First initialize the program by placing the values for 8 in secondary
storage registers R, through Rg, and the values for 4 in comrespond-
ing primary registers R, through R;. To initialize and run the routine:

Slide the W/PRGM-RUN swiich wenow IR 10 RUN.

Proess Display
21E@ 1 21.00
47680 2 47.00
68 G0 3 68.00
102.38 50 4 102.88
17968 5 179.00
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[
73EW 1 [73.00 |
8180 2 81.00

97.6 B 3 [97.60
115960 4 115.90

244 8B 5 244.80

Now press[3 1o run the program and display the data and the average,

Press Display
244.80 ! :
Cirsoo_ || Display 4y and B

115.80
102.88

§6.00 7
81.00
47.00
73.00 ] ;
[21‘.013 } Insplay A, and &,
1.825808365 Display average in FIX 9,
1.83 Display average in FIX 2.

] Display A, and B,

Although for this illustration we stored the data manually before
beginning, it would be a simple marter to create an initialization
routine that, when loaded into the calculator, would permit you to
ﬁ in data during a instruction. The routine could use the

@ function to store the ariginal data in the proper registers as you
keyed it in.
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Indirect Incrementing and
Decrementing of Storage Registers

In section 11, yvou learned how to increment or decrement the
L-register by using the instructions ("] and [=7]. By using the number
in_the I-register as an address, the instructions £ and B3
increment of decrement the contents of the storage register
addressed by the number in 1.

The indirect addressing of the storage registers for (1) and is
the same as that for (509 [0, (1, and storage register arithmetic
using (7). When using and 250, the calculator looks at
only the integer portion of the absolute value of the number stored
in the I-register. An attempted or aperation when the
number in [ is 26 or greater results in an error condition,

[0 and =21 function very similarly to (7] and (). When an
=M or instruction s performed in a running program, the
calculator first increments (adds 1 10) or decrements (subtracts 1 from)
the contents of the storage register addressed by the number in the
l-register. I the contents of the storage register addressed by the
number in [ are then zero (actually, if they are between —1 and +1),
the calculator skips one step. If the contents of the storage register
addressed are nor then zero, execution continues with the next siep
of program memory after the or instruction,

Indirect Control of
Branches and Subroutines

Like display control using Z53 10 and addressing of storage registers
using 0551 [[) and [[58 (I}, vou can address routines, subroutines,
even entire programs, with the I-register.

To address @ routine using the I-register, use the instruction (55 [ -
When a running program encounters a (500 [} instruction, execution
is transferred sequentially downward 1o the ) that is asddressed by
the number in the l-register. Thus, with the aumber 7 stored in 1,
when the instruction (17 [ is encountered, execution is transfermed
downward in program memory to the next 7 instruction before
TESUmIng.
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@
Q s
—— B0
i
|
|
I

> DO

Maturally, you can also press (5 [ from the keyboard to begin
execution from the specified ().

Subroutines can also be addressed and atilized with the [-register.
When [0 is executed in o running program (or pressed from the
keyboard), execution transfers to the specified and executes the
subrouting. When a RTN is then encountered, execution transfers back
to the next instruction after the [0 1) and resumes. For example,
with the number 7 stored in the l-register, [0 [ causes execution of
the subroutine defined by [(] 7 and rw

f r 1

i;_ | L ini
B |
@ = o~
0EEm _“'

The simple-to-remember addressing using the l-register is the same
for M@ and [0. If the l-register contains zero or a positive
number from 1 through 9, (5 [0 sddresses [T 0 through [ 9.
When the number in I is a positive 10 through 14, () I3 through
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[EE0 3 are addressed, while positive 15 through 19 address (71 [
through (. Label addressing is illustrated below.

il the number S @ or 5 @

inTis: transfers execution to:
D 2@
1 BEIGE
2 D OO E
3 | BT RET]
4 - JEm O]
5 BEE
& [ JEm O]
7 BEE
B B EE
] DEE
10 OEn
1 g
12 BEE
13 BEa
14 BEE
15 BE1E
16 2 JEETHD §iy)
17 8515
18 H.EL'E
19 0E0E

Remember that the numbers in the l-register must be positive or
zero (negative numbers cause rapid reverse branching, which we will
discuss later), and that the caleulator looks at only the integer portion
of the aumber in | when using it for an address.

Example: One method of generating pseudo random numbers in a
program is 1o take a number (called a **seed"), square it, and then
remave the center of the resulting square and square that, ete. Thus,
a 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 & loop would
generate several random numbers.
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The following program uses the B8 [ instruction to permit you to
key in a four-digit seed in any of three forms: mman, nnnn, or nn.nn.
The seed is squared and the square truncated by the main pan of the
program, and the resulting four-digit random number is displayed in
the form of the original seed: nnnn, .anan, or an.nn,

A flowchan for the program might look like this:

ey in

numiet
nn, e,
St

Baore 3
in [-cpgisiar
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The use of the (G0 [ instruction lets you select the operations
that are performed upon the number afier the main portion of the
program.

By storing 1, 2, or 3 in the [-register depending upon the format of
the seed, the program selects the form of the result after it is
generated by the main pontion of the program. Although the program
shown here stops after cach result, it would be a simple matter to
create o loop that would iterate several times, increasing the apparent
randomness of the result each time.

To key in the complete program:
Slide the W/PRGM-RUN switch wencs [ run 1o W/PRGM.

Press Display

0 000 |

BEA s n

(i1 ] 43|

2 003 ﬂtf} Changes nann to am_nn.

%] 004 B1

1 005 01] Places | in X-register for
storage in 1.

R mE 006 22 31 14

0ED 007 _ 31 25 12

= 008 43

2 L 008 02 } Changes nnnn (o nn.nn.

i a1 71]

2 o11 02 Places 2 in X-register for
storage in 1.

naE 912 22 31 14

nEQ 013 31 25 13

3 014 03] Places 3 in X-register for
storage in L

a & 015 32 25 14

o s 016 35 23] Stores address of later
operation in [.

o =3 Brings mn.nn 1o

X-register.
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o JFE 018 32 54] Squares nmnn.

(EEx 019 43

2 020 02| | Truncates two final digits

x| [ 021 71| | of square.

oE) 022 31 83

oo

4 024 04| | Truncates two leading

B 025 81 } digits of square.

(4] 026 32 83

G2 m Transfers execution to
appropriate operational
routing.

o I 028 31 25 01

= (029 43

4 030 04

o ST ” Result appears as nnnn,

B3 o 032 23 00]

0 =™ @ a5 22]

0o 2

=3 4 23 04 } Result appears as .anan.

@ s as 22

o (s (037 31 25 03]

=3 038 43

2 039 [

a s = Result appears as nr.sin

EE3 2 041 23 02

B M 042 35 22

We could also have used a subroutine for the digits for 100 (that is,
1 2) in steps 002-003, 008-000, 019-020. and 038-039, bul we
have used this more straight forward program 1o ilustrate the use of
the (@ M instruction,

When you key in a four-digit seed number in onc of the three formats
?hﬂ"-'i'n. an address (1, 2, or 3) is placed in the I-register. This address
15 used by the @00 (0 instruction in step 027 to transfer program
execution 1o the proper routine so that the new random number is
seen in the same form as the original seed.
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Were you 1o record this program on s magnetic card, you might wish
to mark vour card so that it looked like this:

Now run the program for seeds of 5182, 5182 and 51.82. To run the
program:
Shide the W/PRGM-RUN switch wenow llllllAw 10 RUN,

Press Display

jigln 8531. | Random number gen-
erated in the proper form.

51820 0.8531

51.828 5.1

The program generaleés 4 random number of the same form &s the
seed you keyed in. To use the rundom number &s a new seed (simuo-
lating the operation of an actual andom number generator, in which a
loop would be used to decrease the apparent predictability of each
succeeding number), continue pressing the appropriate user-definable
key:

Press Display

C | 77.79 |} Each succeeding number
] 51.28 appears 1o be more
29,63 |} random.

With a few slight modifications of the program, you could have used
an i [@ instruction instead of the G (! instruction.

Rapid Reverse Branching

Using B2 [ and 5 @, with a negative number stored in 1,
you can actually branch to any step aumber of program memory
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As you know, when a [ or instruction is executed, the
caleulator does not execute further instructions until it has searched
downward through program memaory and located the next label
addressed by 3 or 2. When @ or 8 =5 [@ is executed
in & running program, with 0 or a positive | through 19 stored in
the l-register, the running program searches downward through
program memory until it locates the next [0 addressed by the
number in 1. Then execution resumes.

With ameganive number stored in the I-register, however, execution is
actually transterred backward in program memory when B3 [ or
1] (0 is exccuted. The calculator does not search for a label,
but instead iransfers execution backward the number of steps

specified by the negative number in the [-register. (This is advania-
geous because the search is often much faster than searching for o

label, and because you can 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 befow, —12
is stored in the I-register. Then, when step 207, B 0 is executed,
the running program jumps bsckward 12 steps through program
memory 1o step 195 (that is, step 207 = 12 = 195), and execution
resumes again with step 195 of program memaory.

183 E
194 [3] .
l.-p. 195 E[E !
[ 196 [4]
[ 197 [
: 198 [
With —12 slored I I ;ﬁ EEI
in 1, execution : =
transferred backwards : :; g
12 steps by P
&= O L E
i 204 [7]
e | 207 B
208 [
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When [E8 [} has been performed in a running program, execution
then continues until the next ”RT8) or [RF8] instruction is encountered,
whereupon the running program stops. Thus, if you pressed (3 with
the instructions shown above loaded into the calculator, the
instructions in steps 201 through 207 would be executed in order.
Then the program would jump backward and exceule step 195 next,
continuing with 196, 197, etc., until the ®TN instruction was
encountered in step 200. The running program would then stop.

With & negative number stored in the T-register, [ 1 also
transfers execution backward the number of steps specified by the
number in . However, subsequent instructions are then executed as
& subrowtine, so when the next BTN instruction is encountered,
execution transfers back to the instruction following the £ [0
instruction (just like a normal subroutine would be executed.)

The section of program memory below shows how [7] [ operates.
If you press 3, =12 will be stored in the T-register, When ! [
[ is then executed a runming program jumps back 12 steps from
step 207 and resumes execution with step 195, When the BTN (returm)
instruction in step 200 is encountered, execution returns and
continues with step 208,

| 183

194

E 185

.| 196

| 197

| 198

With 12 stored | | 199
in 1, execution i m
transfarred | B2om
backwards i | 202
12 steps by : 203
3 m . 204
|

|

|

I

|
ey

| Then the M

| instruction causes
: a return, and

| Bxecution

| resumes with

' step208.

| 205

Of0¥E®=ERz0Ee=ges
B B &

206
- 207
208
209

e
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Rapid reverse branching using S5 [0 and 1) 0 1 are extremely
useful instructions as part of your programs. Rapid reverse branching
permits you to transfer execution to any step number of program
memory. With a negative number stored in the [-régister, the resulting
step number can always be found by combining the negative number
in | with the step number of the (B8 [0 or 8 ] [0 instruction.

Execution can even be transferred backward past step 000. To find
the resulting step number of program memory, find the sum of the
negative number in the I-register and the step number conaining the

or 2] M instruction, then add 224, Thus, if the l-register
contained —12 and o BE [ instruction were encountered in step
007, execution would be transferred to step 219 of program memory
(7—12 + 224 = 319,

Example: Named after 2 13"-century
mathematician, the Fibonacci series is
a series of numbers that expresses many
relationships found in mathematics,
architecture, and nature. (For example,
in many plants, the proliferation of
branches follows a series of Fibonacci
numbers.) The series is of the form
0,1,1,2, 3,5, 8, 13 ..., where each
element is the sum of the two preceding
elements,

T_h! program on page 248 contains an infinile loop that generates and
displays the Fibonacci series. Although you normally would probably
not set up & single routine thet began in step 211 and continued
through step (M8, the routine illustrates how the EI [T instruction
coupled with a negative number in the I-register can transfer program
execution back in program memory. even past step 000
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212
213
(214 &5
215 st

(216 (@

211 o
0]
@

Execution transferred

B |
-10 steps. B | | intinite loop.
]

SRR EEEEEE
BB

When the program is run, steps 212 through 215 store =10 in the
I-register. Thereafter, execution of the (A [ instruction in step 007
causes the running program to jump back 10 steps and resume
execution with step 221 (that is, 007 — 10 + 224 = 221), Thus, an
infinite loop is set up that generates and displays the Fibonacci series
until you stop the program by pressing {or any key) from the
keyboard.

To load the complete program, you must first load the instructions
in steps 001 through 008, then go to step 210 and load the instructions
into steps 211 through 224. To load the program into the calculator:



Using the 1-Regster for Indirect Control 249

Slide the W/PRGM-RUN switch wercs [Tl Re 1o W/PRGM.

Press
0 =3
(4]

fSo)
@8 0
G |

b

o

nl - §+
i

G

8o
Hg—

Display
200
001 33 00
002 34 00
003 34 01
004 61
(005 35 72
006 33 01)
007 22 24
008 35 22

Mow go to step 210 and continue loading instructions, beginning with
the C50) 3 contained in step 211:

Press
210

DD

SOgASE"B°%
i

Display
210

21131 25 11]
212 o1

a4

[213 00
214 4z
[215 35 33|
[218 00
217 33 00
218 01
219 33 01
| 220 35 72
221 34 00
222 34 01
(223 61
[224 35 72

Sets calculator &t
step 210.
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Now switch to RUN mode and run the program. Press {or any
key) to stop the program sfter you have seen how quickly the
Fibonacei series increases. To run the program:

Slide the W/PRGM-RUN switch werow [l A to RUN.
Press Display

4] [ 1.00
[ 100
[z.00
[5.00 ]

8.00
(1300 |
[21.00
34.00
[55.00
[85.00
[14a.00
233.00
377.00

@3 §10.00

Each element in the Fibonacci series is the sum of the previous two
elements in the series.

Rapid reverse branching can be specified with numbers from =1
through —999 in the I-register. If the magnitude of the number in 1
is greater than 224, the search continues backward through program
me the number of sweps specified. If you attempt (o execute
E&zﬁm [ when the magnitude of the integer portion of the

negative number in | is greater than 999, the calcolator displays
()

Problems

I. & Create and load a program using (] and £55 [ that
permits you to key in & series of values duning successive
pauses, The values should be stored in storage registers Re
through Rs, Rsy through Rss, and R, through Ry in the order
vou key them in, Use the flowchart on page 251 to help you.
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Skog number
WOfRE regEiRT
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|Ferament
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b. Now create and load a program immediaely after the
first one that will recall and display the contemts of each
storage register in reverse order (that is, display Ry first,
then Ry, etc.). The program should stop running after it has
displayed the contents of Ry,

Run the program you loaded for Problem 1a, keying in a series
of 25 different values. Then run the program you loaded for Ib.
All 25 values should be shown, bul the last one you keved in
should be the first displaved, etc.,

Moaodify the Random Number Generator program on pages 242-
243 to use [0 instead of GE [0 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 10 the ancient Greeks as the “*golden ratio’" because
it expressed the weal ratio of width to length that gave the most
aesthetically appealing building or room.

Create, load, and run & program
that will yield this ideal ratio,
You should be able to calculate
and display cach successive ratio
(for example, 2/3, 3/5, 5/8, /13,
etc., ) until the series converges to
the value of the golden ratio.
Create a loop by using the rapid
reverse branching power of the
EIE M instruction with a nega-
tive number in the l-register. Use
the fowchant on page 253 to help
you,

When you run the program and are satisfied that the golden
ratio has been calculated, you can press [R7S] from the keyboard
to stop the infinite loop. (The value of the golden ratio should be
0.618033989.)




lising the 1-Register for Indirect Control

253

il

DOwice A, oy A,

i
Ea‘

Aaa R, b

2
r -]

Binre rasilt @ A,

D AL, By B,

Diaplay reaust

g
]




Section 13

Flags

Besides the conditionals (F=¥], [, etc.) and the tests for zero
(2, 2, B2, 22, you can also use flags for tests in your
programs. A flag sctually is & memory device that can be either SET
(true) or CLEAR (fulse). A running program can then fest the Mag
later in the program and make a decision, depending upon whether
the flag was set or clear,

There are four flags, FO, F1, F2, and F3, available for use in your
HP-67. To set a flag true, use the instruction BF (sef flag) followed
by the digit key (@, . [@. @) of the desired flag. The instruction
EF} (clear flag) 15 used to clear flags.

When using flags, decisions are made using the instruction [F%) (is
flag true? ) followed by the digit key ([@. (). [@. (@) specifving the
flag to be tested, When a flag is tested by alf 72 (8] instruction,
the calculator executes the next siep if the flag is set (ihis is the " DO
if TRUE™ rule again). If the flag is clear, the next step of program
memory is skipped before execution resumes.

Is fiag F1 true?
YEE B - :\IO
K YES, ; WNO, skip
confinue execution #  gne step belore
with next slep. resuming execution.

256 Flags

Command-Cleared Flags

There are two types of flags. Flags FO and Fl are command-cleared
flags—rthat is, once they have been set by an il 5F O or B 5¢ 1
operation, they remain st until they are commanded to change by the
@ cr 0orB c# 1 operations. Command-clesred flags are gencrally
used 1o remember program status (e.g.. are cutputs desired?).

Test-Cleared Flags

Flags F2 and F3 are rest-cieared ffags. They are cleared by a test
operation. For example, if you had set flag F2 with anll) sF 2 opera-
tion and then it was tested later in a program with anll@ 7 2 instruc-
tion, flag F2 would be cleared by the test—execution would continue
with the next step of program memory (the ‘DO if TRUE" rule),
but the flag would then be cleared and would remain cleared until it
was sel again, The test.cleared flags are vsed 1o save the [ cf
operation after a test, (However, teat-cleared flags can be cleared by
the B ©F operation, if desired. )

Besides being a test-cleared flag, flag F3 alone is ser by digir
eniry—ihat is, 45 soon as yvou key in a number from the keyboard,
flag F3 is set, It is giso set when the magnetic card reader is used
to load data into the storage registers from a card, Even though you
do not test or use flag F3 in a program, it is nevertheless set by
digit entry from the keyboard or data loading from the magnetic card
reader.

Al flags are cleared when the HP-67 is first turned ON or when
(i ] is pressed in W/PRGM mode.

Now look at the way these flags cun be used in programs.

Example: The following program contains an infinite loop that
illustrates the operation of a flag. (In this case, the flag used is
command-cleared flag FO.) The program alternately displays all 1°s
and all 0°s by changing the status of the flag, and hence, the result
of the test in step 007, each time throwgh the loop. A Towechart for
the simple program might look like this:
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The program assumes that you have the number O in storge register
R, and the number 1.111111111 has been stored in siorage

register B,.

Slide the W/PRGM-RUN switch weercw (I = to W/PRGM.

¥

EH!@IEEII
00
a a

8
:
=

=]~
%

8
1

Display
(000
001 37 25 11

2.
: :": :: Recalls and displays ones
== from register R,:
[ 35 12
(005 35 61 00| Clears flag FO.
% Test flag FO.
o008 22 11 é'“’;' g
008 34 00]y Crherwise, recall and dis-
[ 35 72 || play zeros from regisier
011 35 51 00 || Ro, sctflag FO, and goto
012 22 12|/ [0 m.
E] 35 22

Now switch to RUN mode and initialize and run the program. To

run the program;

Slide the W/PRGM-RUN switch wencw i Am 1o RUN.

Press

0

EZ 9
aao
Litratnn
7o B

Display
0.

| 9.000000000 |
0. 005000000
1111111111
1.111111111

Tnitializes the program.
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] 1111111111 All ones and all 2eros
0000000000 disployed alternately.

To stop the running program at any time, merely press {or any
key} from the keyboard.

How it works. After you have initialized the program by storing all
zeros in register Ry and all ones in register Ry, the program begins
running when you press [, The =8 | and @ instructions
in steps 003 and 004 pause to display all ones from storage register
R;. The B €7 O instruction in step 005 clears flag FO. (Since the flag
is already clear when vou begin the program, the status of the flag
simply remains the same )

There is no ®TH) after the routine begun by (=] E3, so execution
continues through the [ instruction in step 006 1o the rest,
B % 0, in step 007, The B #%] 0 instruction asks the question
“Is flag FO set {true)?"* Since the flag has been cleared earlier, the
answer is NO, and éxecution skips one step of program memory and
continues with the 0 instruction in step 009, The CE8 O and
[ | instructions in steps 009 and 010 pause to display all zeros
from register R, Flag FO is then ser by the B &F 0 instruction in
step 011, and execution is transferred o 0 by the EB O
instruction in step 012,

With flag FO now set, the answer to the test B F%) 0 (*'Is flag FO
true?") is now YES, so the calculator executes the 5 FY instruction
in step DDB, the next step after the test. After again pausing to display
all zeros, the flag is cleared, and the program continues in an endless
cy¢le, alternately displaying ones and zeros, until you stop execution
from the keyboard,

The above program utilized one of the two command-cleared flags,
s0 an [ £F] instruction was required to clear it each time. However,
you should also be able to modify this program using one of the test-
cleared flags, F2 or F3, and shorten the program, saving one step
of memory,
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Data Entry Flag

The data entry flag, flag F3, is a flag that is set for data entry and
cleared upon test. These features of this flag can be used for
interchangeable solutions in a program.

Example: The program below calculates the distance (d), speed (x),
or time (1) for a moving body according 1o the following formulas:

d = st distance = speed x time

% speed = distance + time

Il

t= S time = distance +speed

Given any two of the quantitiesd, 5. and r, the program will calculate
the third. The program uses the test-clearing feature of data entry
flag F3 to decide whether to store a quantity away or o use pre-
viously stored quantities for calculation, If you recorded the program
on a magnetic card, the card might look like this:

& DISTRNCE, SPEED, AND TINE 3

EHM -y

As you can see from the flowcharts shown on pages 261 and 262,
when the user-definable key B3, [F, or (3 is pressed, a decision is
made. If you have keyed in a value, that value is stored for further
calculations. If you have not keyed in a value, the program calculates

the desired quantity. The decision o store or o calculate is made
depending upon whether the data entry flag, flag F3, is setor cleared.
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To key in the program:
Slide the W/PRGM-RUN switch weacs [IIrw (0 W/PRGM.

1= ] = R
S IEIE

- a
— |

BE0E
Al e

Display
D00 ]
D01 31 25 11
2 o1
D03 35 33
004 35 52
D05 35 71 03
006 22 01
Do7 34 02
008 34 03
009 71
lo10 31 84
011 35 22
012 31 25 12
(013 02
014 35 33
015 35 52
016 35 71 03
[o17 22 01
018 34 01
(7] 34 03
lo20 a1
[oz1 31 84
[022 35 22
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If digit entry flag set.
distance is stored. If flag
[ is cleared, distance is
calculared,

If digit entry flag set,
speed is stored. If flag is
cleared, speed is
calculated.

g

Flags

:éi

3

HEE
Bl == b2

CREL
EB@

TE
. =]
=15

agee
:-00

i

¥

023 31 25 13
024 35 71 03

025 22 02
026 34 01
@y 34 o2
1] 81
ozs d2 74
030 a1 84
a31 35 22

[032 31 25 o7
[033 33 24

035 31 25 02
036 31 74
037 33 03
038 35 22

If digit entry flag set, time
is stored. If flag is
cleared, time is
calculnted.

Routine o store distance

or speed in appropriate
storage register.

Routine to convert time
from hours, minutes, see-
onds format o decimal
hours for calculation.

Since the data entry flag F3 is also a rest-cleared flag, it is cleared
45 s000 &5 it is tested during each routine. Therefore, you do not have
1o use an B [©F instruction in each routine to prepare the flag for a

new case,



Flags 265

Running the program. At this writing, the world speed recond for
an aircraft over a straight course is 2070.101 miles per hour by a
Lockheed YF12A. Run the program fo find the time at this speed
that it would take the aircraft 1o travel the 3500 miles from New York
to London.

To run the program:;
Slide the WIPRGM-RUN switch wencw I = to RUN.

Press Display

B e 0.000000 Initializes program.
3500 03 3500000000

2070.101 @3 2070101000

i.412666 The time would be | hour,

41 minutes, 26.66
seconds.

Mow run the program to find out how far an automobile averaging
95 kilometers per hour could travel in 2 days.

Press Display

Y s | [95.000000 |

2 @ED 2.000000 i

28 (48000000 |

48.000000

4] 4560.000000 The automobile would

iravel 4560 kilometers.

266 Flags

The present Olympic record for the
1500-meter run is 3 minutes, 34.9 sec-
onds, set ol the 1968 Olympic Games
by Kipchoge Keino of Kenya. What
was Keino's speed in kilometers per
hour?

(A kilometer is equal to 1000 meters,
so key in the distance as 1.5 kilo-
meters, )

1.58 1.500000 Distance keyed in.

03349 @ 0.059694 Time converted (o
decimal hours,

o Keino's speed was about

25 kilometers per hour.

MNotice in the above program how a flag can be used to make @
decision and change the execution of a program based upon past
events. Remember, too, thal the status of any flag can be changed
from the keybourd or from a running program.

Problems

l.  Modify the program on page 258 that alternately displays all
zeros wnd all ones. Use test-cleared Nag F2 or F3 instead of
command-cleared flag FO. Your program should be one step
shorter, since flags F2 and FA clear when they are tested, and do
not require an [ ©F instruction.

2. One mile is equal o 1.609344 kilometers. Use the flowchan

on the opposite page o create und load a program that will
permit you (o key in distance in either miles (define the routine
with I{ [ | ) or kilometers (define this routine wilh
a )and, using a flag and a subroutine, either multiply
ar divide 1o convert from one unit of measure to the other.

(Hint: £ @ (B vields the same result as B )

Run the program to convert 26 miles into kilometers; to convert
1500 meters (1.5 kilometers) into miles.
{Answers: 41.84 kilometers; 0.93 miles.)
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Flags

Create and load a program thar slores in successive storage
registers values that you key in during a pause. Use the data
entry flag F3 to make a decision whether to store the number or
merely to wait for another input. Use the Aowchart on page 2649
to help vou. By using the data entry flag F3, you cankey in values
for zero and have them stored too.

When you have loaded the program. mun it to check its opera-
tion. You should be able 1w store up to 26 values (including
values of zero) in succeeding storage registers. Manually recall
a few random values from some of the storage registers 1o ensure
that the program has operated cormectly.
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MERGE

|W/DATA | wrpram [T RuN
PAUSE




Section 14

Card Reader Operations

The programs that you have manually loaded into the HP-67 can be
preserved permanently on magnetic cards. In addition, data from the
storage registers can also be preserved on magnetic cards. By using
magnetic cards and the card reader in your HP-67 Programmable
Pocket Calculator, you can increase the capability of your machine
almaost infinitely.

Magnetic Cards

The prerecorded magnetic curds and the blank cards that you received
with your HP-67 and Standard Pac are all alike—the only difference
is the information that is recorded upon them. Each card contains two
sides, or tracks, where program information or data can be recorded.

Naote: Whether passing side 1 or side 2 of the card through
the card reader, always have the printed face of the card

up.

Each side of the card is the same, and it does not matter which side
is used first, In this handbook, we have adopted the convention of
using side | first, then side 2; but as you will see, you can record
onto or load from o magnetic card in any order you choose, Each
side may contain either data or program information, but not both
it once.

an

2 Card Reader Operations

All magnetic cards are alike physically. Depending upon the type of
information recorded upon it, however, & card may be considered
@ program card, a dota card, or even a mixed card (where one side
contains program information and the other side contains data),

Program Cards

Recording a Program onto a Card

A program that you have loaded into the HP-67 is not permanent—it
will be lost when you turn off the calculator. You can, however, save
any program permanently by recording it on a magnetic card.

To record a loaded program from program memory onto & magnetic
card:

1. Set the W/PRGM-RUN switch werom [IIJlRus to WPRGM.

2. Select a blank, unprotected (unclipped) magnetic card from the
packet of blank cards shipped with your HP-67,

3. Pass side | of the card through the card reader exactly as you
did when loading a prerecorded program from the card to the
calculator.

a.  If the program fills up only 112 steps or fewer of program
memory, the contents of all of program memory (that is, the
program instructions in steps 001 through 112 and the
instructions in steps 113 through 224) are recorded on side
1 of the card, steps 113 through 224 in a “'compressed’” form.,
The calculator displays the current program memory step 1o
show you that the entire program has been recorded.

b. If the program fills up more than 112 steps of program
memory (that is, if steps 113 through 224 contain instructions
other than [A7E]) the calculator displays |__G?D to
prompt you that another side of the card must be passed through
the card reader to record the entire program, Pass the second
side of the card through the card reader. The calculator then
displays the current program memaory step to show you that
the entire program has been recorded.
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4, The entire program is now recorded on the magnetic eard, und
also remains loaded in program memory of the calculator. The
contents of the data stordge registers and the stack of the
caleulator remain unchanged.

When yvou pass an unprotecied cand through the card reader with the
W/PRGM-RUN switch set 1o W/PRGM, whatever program instrue-
tions or data previously recorded on the card are wiped oul and re-
placed by the contents of the HP-67 calculator’s program memory.

Besides the actual program memory step numbers and instructions,
the HP-6T also records the following information on a program card
on both the first pass and the second pass through the card reader:

1. The fact that a program (not data) is being recorded.

2, The fact that this is side 1 (or side 2).

3, Whether or not two passes are required.,

4, Current status of flags FO, F1, F2, and F3 within the calculator,
5

. Current swatus of wrigonometric mode (i.e., DEG, RAD, or
GRD) within the caleulator.

. Current display format of the calculator,

. A checksum (a code to verify that the program is complete
when it is reloaded).

All of this information is later read by the cand reader when the
program is reloaded back into the calculator,

s B

If any of the required information or program memory steps are not
recorded during a read, the HP-67 display will show | Error |
to indicate that the recording of the card was not complete. Clear the
error by pressing any key (the key function is not executed), then pass
the same side of the card through the card reader again.

Reloading a Recorded Program from a Card

pﬂﬂtimmhnsbetnmnrdedmnmagneﬁcmd, you can reload
it into the calculator any number of times. The procedure for reloading
a program from a magnetic card is the same as that for loading a
prerecorded program from a magnetic card into the calculator (see
page 124),
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The status information recorded on the magnetic card along with the
program makes it unnecessary to load the card in any order—you can
load either side | or side 2 first. The flag status, wigonometric mode,
and display format information recorded on the program card save
initinlization time and program memory space because when the card
is loaded, the calculator’s flags, triponometric mode, and display
format are immediarely specified according 1o the information of the
program card,

If a program card does not read correctly, or if information on the
card has been aliered (perhaps by a strong magnetic field), the check-
surm will be wrong, When you attempt to load the program from the
card inte the calculator by passing it through the card reader, the
calculator will display | Error . You can clear the error by
pressing any key. If a card read fails after a portion of the card has
been loaded, that portion of the ealculator’s program memory which
would have been altered by reading the card is cleared w0
instructions, and the calculator display indicates [ Error |
Error is also indicated if you amempt to load a blank magnetic card,
but the contents of the caleulator’s program memory are preserved.

The contents of the stack and of the data storage registers in the
calculator remain unchanged when a program is loaded, whether
from a card or manually from the kevboard.

To clear a program that has been recorded on a magnetic card, simply
load another program onto the card,

Merging Programs

Normally, whenever you load a program from a magnetic card into
the calculator, that program replaces the entire contents of program
memory, either with program instructions or [A7] instructions. All
224 steps of program memory are replaced.

However, you can also merge programs in your HP-67; that is, you
can add a program that is recorded on a magnetic card into the
caleulator, beginning with any step of program memory. When you
merge a program in from a card, steps 000 through ann of the onginal
program are preserved, This feature permits you to add 1o or alter a
program that is already loaded in the caleulator,
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To merge a program from a magnetic card ino program memory:

1. Set the W/PRGM-RUN switch wencs Il s 10 RUN.

(]

. Use the ) [ M [ operation from the keyboard to
set the calculator to the last step of the loaded program that you
Wilnil 16 save.

3. Press @ {merge).

4. Pass one side of the magnetic card containing the new program
through the card reader. If the second side of the card must

e

ol

5. If the calculator display shows . pass the second
side of the card through the card reader. The calculator will
again display the original contents of the X-register to indicate
that the merged load has been completed.

When you merge a program from a card into program memory, the
instructions from the card are loaded into the calculator beginning
with the step of program memory following the step to which the
calcnlator is set. Thus, if vou first set the calculator 1o sep 118
using the operation [5E) (&) 118 from the keyboard, the first
instruction from the magnetic card would be losded into step 119,
the second instruction into step 120, etc. All instructions in program
memory after the merge step are repluced by instructions from the
magnetic cand.

Rtmcp]ber‘ in some cases even one side of a program card may
contuin 224 steps (although the last 112 steps are compressed [R/5]
Instructions),
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Thus, a 224-step program loaded in the caleulator and & magnetic

card containing a 50-step program (and 174 instructions) might
look like the illustration below:

Program loaded in caleulstor.  Program recorded on magnetic card,

| oo | Im
=1 lwrn 20
XN CX=0
o AE | . am |
= e B e
.ml .- - 050 0 = '
120 B [FWEe] == :
e EE | i

' _ L
e gE | 2y [AE
wr @ B
e @ 28
e B | (0 m®

:. .- ) _. m m
22 @ ‘222
(200 @ =1 | FOCO

If you set the calculator to step |18, press ) [FER5E] | and pass the
card through the card reader, the instructions from the card will be
merged in beginning with step 119 gnd continuing through step 168,
(That is, 118 + 50 = 168). All instructions after step |18 will be
replaced in the original program, either by program instructions or
instructions from the magnetic card.
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oo

o BT D
00z e |
o @E

Simps 001 through
116 remun iniac)

Tha program from she
magnebc cand replaces
ad instructans aftor
shep 118, including (78]
irsgrucions out 10
step 274

When merging a program from a magnetic card with a program
already loaded into the calculstor, only the instructions from the card
for which there are enough steps of program memory will be Joaded.
Thus, in the example above, if you had merged the card from step 200
of the loaded program, only the first 24 instructions of the card would
be loaded. (Thart is, 224 — 200 = 24.)

278 Card Reader Operations

When merging, the instructions that are replaced in program memory
by the instructions from the magnetic card are lost. The entire program
on the card, of course, remains recorded there permanently, until
another program (or data) is recorded upon the card.

Calculator status information (flag, display and trigonometric
maodes) is ot changed when merging a new program with the one
in program memory.

Protecting a Card

Information (whether program or data) that you have recorded upon
amagnetic card can be cleared or replaced unless the card is protected.
To protect a side of a recorded card, clip the notched comer of the
card nearest the side you want to profect.

Clip hera to
protect side 1.

#

Mot hera— Id i I the ) ‘Clip here 1o
ol here—you could Ipse part o program .
When you have protected a recorded program or recorded data on
a side of a card by clipping that comner of the card, you can load
that information into the HP-67 any number of times, but yvou will
not be able to replace or add to the program or data on the card.

Marking a Card

After you have recorded a program on a card, you will probably
want to assign the program a name and to mark the name onto the
card. In addition, you will probably want to mark symbals onto the
magnetic card 50 that when the card is inserted in the window slot,
they will appear above the letter keys (£3 through 3, (2] through ()
associated with the labels in the program. These symbols, or
mnemonics, should help you remember the use of the letter keys in
the program, and they will aid in running the program.

For example, if vou had written a program that would convert degrecs
Celsius to degrees Fahrenheit when [@ was pressed, and degrees
Fahrenheit 10 degrees Celsius when [ was pressed, you might wish
to mark the card with the information as shown on the following page.

-
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You can write on the non-magnetic side of a card as shown above
using any writing implement that does not emboss the card,
Annotating magnetic cards with o typewriter may impair the
load/record properties of the cards. To permanently mark a card, you
can use India ink or a permanent feli-tip pen.

Data Cards

As you know, you can record programs on magnetic cards for
permanent storage, and then simply pass the card containing a
program through the card reader whenever you want 1o run it again.
You can also record data from the storage registers onlo 4 magnetic
card for permanent stotage or for use at o later time. Then, a day.
a week, a year later, simply pass the data card through the card reader
to restore the original contents of the storage regisrers.

With this feature of the HP-67 vou can store extremely large
quantities of data for future use, or you can use each card 1o preserve
a geries of constants.

Recording Data onto a Card

The [ function and the cand reader on your HP-67 allow
vou to record as much data as you wish on magnetic cards, To record
data on & magnetic card:

L. Set the W/PRGM-RUN switch weerew [l A to RUN.

2. Swore date in any storage register—R,, through Ry, Rs, through
Ras. Ry through Ry, or 1.

3. Press I {write data onro card). The calculator will
display | Crd | to indicate that you are to pass a card
through the card reader.
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4. Select an unclipped magnetic card, Pass side 1 of the card
through the card reader,

a. The contents of the pnmary storage registers (Ry through
Rs, R, through Re, [) are recorded on side 1. I the calculator’s
protected secondary registers (Ra, through Rge) all contain
zero daty, those contents are *‘compressed” and reconded on
side | also. The caleulator displays the original coments of the
X-register ta indicate that all data has been correctly recorded.

b. If any of the secondary sworage registers (R, through Reg)
contain ponzero data, the display shows [ Crd ] mw
indicate that u second side is necessary to record all the data,

c. Pass side 2 of the card through the card reader. The actual
contents of the secondary storage registers Ry, through Ry
are recorded on the second side of the card,

5. All data has now been recorded on the magnetic card. In
addition, the data remains intact in the calculator.

Besides the data from the storage registers, the HP-67 also records
the following information onto a data card on either or both passes
through the card reader:

1. The fuet that data (not 4 program) is being recorded.

2. The fact that this is side 1 (or side 2),
Y. Whether or not two passes are reguired.

4, A checksum (a code to verify that the data is complete when it
is reloaded).

No calculator starus information is recorded when data s recorded
onto a magnetic card,

When data is recorded on a side of 8 magnetic card, it wipes out
whatever information was previously on that side. To record data
permanently on & card, so that it can never be lost, vou can clip a
corer of the recorded magnetic card, just as you do 1o permancntly
sive a recorded program.,
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Loading Data from a Card

To load data from s recorded card back into the storage registers,
simply pass the card through the card reader with the W/PRGM-RUN
switch set to RUN, The HP-67 identifies the type of information
{whether data or a program) and sutomatically places it into the proper
portion of the calculator. Thus, (o load duta back into the calculator
from o magnetic card:

I. Ensure that the W/PRGM-RUN switch weacw [lITIrum is set
to RUN

2. Select the magnetic card with data recorded upon ir.
3. Pass side | of the magnetic card through the card reader,

a. Duaa from the card has now replaced data in the 16 primary
storage registers of the calewlator. Tn addition, if the secondary
registers contained all zeros when recorded. those zeros replace
the contents of the secondary registers (Rs, through Bsy) of the
calculmor. The caleulator displays the original contents of the
X-register to indicate that by loading only one side, the card
was loaded comectly.

¢. I a second side of the card is required, the calculator
prompts vou by displaying |

d. Pass side 2 of the card through the card reader to load
nonzero data into the secondary storage registers. The calculator
then displays the original contents of the X-register o indicate
that the data card has been loaded completely.

It does not matter which side of the card you record or load first, The
HP-67 records the contents of the primary storage registers on the first
side recorded. and the contents of the secondary storage regisiers on
the second side. (If all secondary registers contain only zero, the
contents of all storage registers are recorded on the first side.) When
the card is then read later, the data is loaded into the proper registers,
regardless of which side of the data card you first pass through the
reader. However, for case of later reference, it is generally best to
record primary registers on side 1 and secondary registers on side 2.

Whenever the calculator indicates | Cra , you can clear the
[ Cra | display and return control to the keyboard by pressing
™3 or any key from the keyboard, In this way, you can record only

part of the storage registers onto a card or load only part from a cand,
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Neither the stack nor the contents of program memory are altered
in the calculator when you record data onto or load data from a card,

MNow let's store data in some of the storage registers and see how
these features of vour HP-67 work.

Example: Store 1.00 in primary register R,, 2.00 in secondary
register Rgg, and 3.00 in the [-register. Record the contents of these
registers on @ magnetic card, then tum the HP-67 OFF then ON.
Finally, restore the data on the magnetic card 10 the proper registers
and display the contents of the registers to verify that the dma has
been loaded comrectly.

0.00 All storage registers
cleared 1o zero indtially.
(Display assumes no
results remain from
previous examples. )

26m 2 P

m =3 (200 2 stored in secondary
storage register Rgg.

|G 1

3@ s

First select @ blank and unclipped magnetic card. To then record the
contents of the slorege registers onto the card:

Press Display

1] The calculator prompts

you 1o insert the first side
of the card.
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Insert side | of the magnetic card into the right-hand slot of the card
reader and permit it to be passed through the reader.

_— After recording the first
[€rd 1 side of the card, the cal-

culator prompis you that

it has additional duts 1o
record on side 2.

Insert side 2 of the magnetic card into the right-hand slot of the card
reader and allow it 1o pass through the reader.

Disphay

Indicates that all data has
been recorded on the
magnetic card,

The data that 15 stored in the registers remains there now. and s also
recorded on the magnetic card. Even though you turn the calculator
OFF or otherwise clear the storage registers, the data is recorded upon
the magnetic card for future use, For example:

Turn the HP-67 pawer switch OFF, then ON,

Press Display

o | 000 |

] [o.00

(h] 0.00 | Successive displays of zero

verify that none of the
slorige registers, primary
or secondary, contain
data.

Now load the data back into the storage registers by passing the data
card through the card reader. No special instructions are necessary
to the HP-67—the calculator automatically recognizes that the card
contains data, and reloads the data into the proper storage registers.
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To load the data from the card into the calculator:

Insert side | of the magnetic card into the right card reader slot. Allow
the card to pass through the reader.

Display
[Crd ]

Data loaded into primary
storage registers. The
calculator prompts you
that the card contains data
for the secondary registers
as well.

Insent side 2 of the magnetic card into the right card reader slot. Allow
the card to pass through the reader.

Display
Original contents of
X-register again displayed
toindicate that entire card
has been loaded.
0@ () [ 0.00
Jo= 0.0
(h ] 0.00 Reviewing the registers

verifies that contents of
data card have been load-
ed into the proper storage
registers,

You can see that all the data contained on the magnetic card has been
loaded into the proper storage registers, The data also remains record-
ed on the magnetic card, and can be loaded into the calculator over
and over, until you record other data or a program on that card. Data
(like programs) may be loaded into the calculator from a card in any
order—no matter which side you first pass through the card reader,
the calculator identifies it and places the contents in the proper storage
registers of the calculator,
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Press Display

o [0.00

[ 1] 0.00

(1] All primary and second-

ary storage registers
again cleared to zero.

This time, insen side 2 of the magnetic card into the right card reader
slot first. Allow the card to pass through the card reader.

Display

[Crd ] Display indicates that the
card contains more daia
tor be loaded.

Mow insert side | of the data card into the right card reader slot and
allow it 1w pass through the card reader.

Press Display
obe | Original contents of

X-register retumed to
indicate that contents of
entire magnetic card have
been loaded.

[FEG) [0.00

a 000 |

[ | 0.00 ] Verifies that data from

the magnetic card has
again been loaded into the
Proper storage registers,

If only the primary registers contain nonzero data when you press
0l =7, the calculator will display [ Crd | only until you
have passed one side of the magnetic card through the card reader.
Then the caleulator will display the original contents of the X-register
to indicate thar you again have control from the kevboard. Likewise,
if data is contained on enly one side (side 1 or side 2) of a magnetic
card, you need load only that side,
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You have seen how vou can store data temporarily or permanently
on magnetic cards with the HP-67. Because you are able to record
data on magnetic cards, the storage capacity of your HP-67 is
increased by 26 registers on each card. The amount of data vou want
to store is limited only by the number of cards you have!

Now let's see how you can load the contents of only part of the storage
registers imo the calculator from a card by wsing the I-register and
the function.

Merged Loading of Data

The numbers O through 9 in 1, when used as an address for merged
data, refer to primary storage registers Ry through Ry. The numbers
10 through 19 refer to sccondary storage registers Ry, through Rey,
while the numbers 20 through 24 refer 1o regisiers R, through Rg,
and the number 25 addresses the [-register itself. As is pormal for
l-regisier operations, cnly the absolute value of the integer part of the
number in | is significant in addressing. Also, if the absolute value
of the number in | is 26 or greater, all registers will be read in just
as in an unmerged data read.

However, you can also replace the contents of some of the stornge
registers in the calenlator with data from a magnetic card, while
preserving the contents of the rest of the storage registers. To load
only a portion of the data from magnetic card into the calculator’s
storage registers, first store a number from O through 25 as an address
in the T-register. Then press B {imerge) and pass the card
containing data through the card reader. Data will be loaded from the
card into the storage registers, beginning with register R, and continu-
ing up 10 and including the register addressed by the number in [.

When using your HP-67 there may be occasions when you want o
load into the caleulstor the contents of only some of the storage
registers recorded on a card. Thelll [F5755) function and the I-register
permit you to select the number of registers that you want to load.

Normally, when & magnetic card containing data is passed through the
card reader, the contents of all primary registers and all secondary
registers in the calculator are replaced with the contents of the data
card.,
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The illustration below should refresh your memory of the addressing
scheme for the storage registers;

Primary Storage Registers

- T

(|

2R2EpppR

ity

Ba

To merge data from a magnetic card into selected storage registers:
1. Store in I the number address of the last storage register you
want loaded from the card.
2. Press [ (57T (merge) to select the merge mode.

3. Pass either side of the magnetic card containing data through
the card reader. If more data is 1o be loaded, the caleulator will
display .

288 Card Reader Operations

4. If the HP-67 display shows [Crd . pass the other side
of the data card through the card reader,

5. Data will be loaded from the card beginning with register R,
up to and including the storage register specificd by the number
in I,
Thus, if you had stored the number 7 in I, then pressed B and
loaded & magnetic card containing data, the contents of the first 8
registers in the calculator (R, through R.) would have been replaced
by contents from the data card. The remainder of the storage registers
in the calculator would remain intact, If vou had stored the number |5
in I, calculator registers R, through Ry and Ry, through Ry (the
register addressed by the number 15) would have had their contents
replaced by data from the card. This includes registers containing
only zero data.

Example: Store | x 10" in register R,, 1 % 1073 in register Ry,
I = 10* in register Ry, 1| % 107* in register Ry, and 1 = 107
in register Ry in the calculator. Record this data on a magnetic card.

Press Display
0 =)
0 30 [ 30]

(570 ] 1.000000000 30)
[ 40 ED

6 [ 1.000000000-40]
N
o EE [ 7.000000000-40 |
ez x I 1. 70
| 1.000000000 10
D 20ED [1.  -20]
9 1.000000000-20
50 i. 50
o [ 1.000000000 50|

Now record this data on a magnetic card. You can record it onto any
unclipped magnetic card—it will replace whatever is on the card
with the contents of the storage registers.
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Press Diisplay

o Calculator prompts you
10 insert @ magnetic card,

Pass side | of the card through the card reader,

Display

MNow pass side 2 of the magnetic card through the card reader.
Display

The calculator again displays the conterts of the X-register to indicate
that all data in the caleulator's storage registers has been recorded
onio the card as well,

Now change the data in the calculator. Store 1,11 in Ry, 2.22 in Ry,
5.55 in Rgs, 6.66 in Rag. and 7.77 in Rg. Review the contents of all
the registers when vou are through.

Press Display
o 7.000000000 50 _
= 7500000000 50] | All torage registers
o [T-o00000000 53]  cleseed 10 ze60.
T L —
6.66 ) 6 R e
o s e i
1.11 1 1.11
2288 9 2.22
.1 o .77
Reviewing stack registers
shows you the data in the
o 7. various registers. The
o 1.77 original X-register con-
o 7.77 tents return to the display

when the review is

completed.
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Now store the number 15 in I, press the [ function, and load
the contents of the first 16 storage registers from the magnetic card
imto the calculator, while preserving the comtents of the last 10 storage
registers in the calculstor,

Press Display
150 lsto) 15.00 Merge address stored in 1.
o 15,00

Mow pass side 1 of the data card through the card reader,

¥isplay
Calculator prompis you

that additional data must
be loaded from the card.

Puss side 2 of the data card through the card reader. Review the new
contents of the storage registers and compare them with the old.

Press Diisplay
Contents of X-register

returned to display 1o
indicate that all necessary

data has been loaded from
the card into the calcu-
lator’s storage registers.
After automatically
[ | 15.00 reviewing the nl:lmnls of
o [15.00 the storage registers, the
0 i) -ﬁ.ﬁ—,_.' original contents of the

X-register are returned
there.

You can see that the contents of the storage registers addressed by
numbers 0-15 (that is, storage registers R, through Ry and secondary
storage registers Ry through Rg;) have had their contents replaced by
data from the magnetic card, while the contents of the remaining
storage registers are preserved intace.
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When you stored an address of 15 in the I-register, pressed £ (FERGE],
and passed a magnetic card containing data through the card reader:

Primary Regiaters
ILC ] 25
A [ -]
L | i3
R
Re[ 12 The cantpnis of these
A | | 20 rEgEainTS TommEned ol
Secondary Rogisters
“ul i b
“pl i 18
Ae | ] 7
P i L]
A ] 15
o w—
L% —
Ru[—— ] m
Ry S i
L") — |
Tha canteniz of (hewo
H"-_—_I N were "epiaced
Re [ | 8 by dats fram he magrese
A, T card
R | é
Ay | |5
[ | &
Ay ] 8
R j 2
q| P 1
A, | [

If you do net wish o load or recond data when the calculator displays
. You can press any key to return the contents of the
X-register to the display, then continue with your calculations. This

allows you to load only the primary or only the secondary registers
from a card withow pressing £ h
As soon as you have finished loading data or pressed any key from
the kevboard, the £ function is forgotten. You must press
it esch time just before vou merge data.
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For eunEI:. if you load data from the magnetic card now without
pressing first, the contents of aff storage registers in the
calculator will be replaced by data from the card.

Pass side | of the data card through the card reader,

Display
[ed ]

Now pass side 2 of the data card through the card reader.

[ 15.00 | Register review verifies that

all data from card 15 now

| 15.00 ]} loaded into the calculator,

Note that when the card was recorded many storage registers,
including I, comained zero, When the card was then read and data
loaded into the calculator, the zeros in these registers repluced the
previous contents of their corresponding registers in the calculator.

Pausing to Read a Card

As you know, the[[) instruction in a program retumns control
from the running program to the keyboard for the length of a pause
{about one second). You have already seen how [ [PAUSE] can be
used in & program for output (to display information conteined in
the X-register) or input (to key in numbers). You can also use a
o load data or & program from a magnetic card into the
calculator,

i
ﬁ

Y ou can pause in a program for any or all of the following operations:
1. Loading a program from a card into progrim Memory.
2. Merging u program from a card into a selected part of program
memaory.
3. Loading data from a card into the storage registers.

4. Merging data from a card into selected storage registers.
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These operations are used the same way as pan of a program as you
would use them from the keyboard, If you desire to merge data or a

o m & magneric cand into the calculator, a merge instruction,
E'“‘ must be executed as an instruction or pressed immediately

before the magnetic card is passed through the card reader. In
addition, for a merged data load from a card, the proper address
must be first placed in the l-register at some point, whether from
the keyhoard or as part of the program.

To use [PADSE] to load a program or data from a magnetic card into
the calculstor while a program is runming:
l. &. Place an@ instruction at the point in the program
where you want to load the data or program.
b. [If the data or the program from the magnetic card is 1o be
merged with that in the calculator, inserta B (FEE] instruction
immediately preceding the instruction.
c. If dara is 1o be merged into the registers, ensure that the
proper address number has been placed in 1, cither from the
keyboard or from the program.

2. Shide the W/PRGM-RUN switch weres [l rus 1o RUN.

3. Initialize and run the program.

You may go ahead and insert the leading edge of the first side 1o
be read into the card reader now, while the program is running.
(Insert the tip of the card firmly into the right card reader slot,
but do not attempt to force the card in. This may take practice.)
You need not hold the card, merely allow it to rest in the card
reader slot.

4. Using a[PASE], when the calculator pauses, the side of the card
you have previously inserted in the card reader slot will
automatically be read during the [(PA5&], If more data or
program instructions are to be loaded from the card, the
calculator will stop and prompt you with a display of

Crd
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5. Ifthe calculator display shows | Crd , insert the second
side of the magnetic card into the card reader,

6. Execution will resume automatically when the card is read.

The automatic card read during [PAUSE] allows the programmer to
even be ahsent when the card is read! IT no card is read. naturally,
the program continues execution afier the | -second pawse. If & com-
plete card is not accurately read, the program stops and the calculator
displays to indicate that the read was not suceessiul.

If vou wish, instead of uiilizing an sutomatic read during = [PAUSE ],
vou can simply hold the magnetic card poised in vour hand and
insert it during a [(PASE]

The data entry flag. flag F3, is set either by digit emry from the
keyboard or by the loading of data from a magnetic card. Thus you
could also set up a loop using [(PAUSE] and the data entry flag F3
thut would hold up the program until you pass a data card through
the card reader, then resume execution automatically,

If you wish & program o stop execution to record data on a card,
simply insert the £ instruction in the program at the point
where you wish to record data. The program will stop at that point
and display [ €ed | to prompt you to pass & card through the
card reader slot. After you start & program running, you can even have
acard ““waiting”" in the card reader for an automatic recording of data
onto the card.

Example: The example shown here illustrates how you can pause
o read a program from a magnetic card and how a program from a
card may be merged into a program already loaded inte the caleulator.
The program that you record onto the magnetic card calculates the
area of a circle from its radivs, The program that vou then load into
the calculator performs 100 iterations, then merges the program from
the card that you have waiting in the card reader into the calculator,
and finally calculates the arca of a circle.
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To record the program for calculating the area of a circle onto a
magnetic card:
Slide the WIPRGM-RUN switch wenos [Tl A~ o WIPRGM.

Press Display

o N
oE0
o @ 002 34 09
a8 003 32 54
o= 004 35 73
o 005 71
@ F

Mow select an unprofected (unchipped) side of a magnetic card and
pass side | of it through the card reader to record the above program
onto the magnetic card.

When you have recorded the program for the area of a circle, clear
the program from the calculstor and record the program that will
perform 100 iterations, then will merge the program from the card
with the program in the calculstor;

Press Display

a D00

BEO 0013125 1

g 9 (002 33 08

1 003 01

0 004 00

0 (o5 oo

0 s [00s 35 33]

 NET 007 31 25 01

o) (008 31 33] When I =0, skip to
step 010,

GE | L] 22 01] Otherwise, go back 10
£ 1.

[ 0] (070 32 41]  Sets merge mode.

| h JETE) [017 35 72| Pause to merge program
into calculator.

0 012 35 22
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To run the program to find the area of a circle with a radius of 15
centimeters:

Shide the W/PRGM-RUN switch wesos s to RUN,

Press Display
15 v ] The radius keyed in.
4 ] The program running.

While the program is running, insert side 1 of the card containing
the program for the area of & circle into the cord reader slot, Insert
the cuird until vou just feel pressure against the end, then stop and
let go of the card, permitting it to ““wait"" in the card reader slot,

When the program in the calculator has gone through 100 iterations
and the value in | reaches zero, the card waiting in the card reader
slot will be read, that program merged with the program already in
the calculator, and the area of the circle calculated.

If you see after the card is read, or if the card does
not pass through the card reader and you see , FEmove
the card, clear the error by pressing any key, then key in the radius
again and restart the program by pressing £¥. Then reinsert the
card while the program is running. When the program has run
correctly, you will see the ares of the circle,[706.86 | centi-
meters, displayed.

The program from the card has merged after the [PAUSE ] instruction,
and the contents of your caleulator’s program memory should now
ook like this:

oor BCOD 312511
002 @@ 9 33 09
003 | o1 |
004 O 00
005 0 00
o008 [ st 35 33
007 ELEE]1 312500
N = a1 33
008 [@EH 1 22 01
010 [ = 3z 41
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o1 [0 [(PasE] 3572
o1z M@ 3125712
013 (M9 309
or« B[ a2 54
o015 @ 35 73
o016 @ 7
017 @ AN 35 22

You can verify that program memory in vour HP-67 contains the
instructions shown here by examining the contents with the EE50 key.

When merging programs, any instruction executed after a £
instruction cancels the merge mode excepr a [PAISE] Notice, too,
that while normally instructions after a are overwritten by a
new program, o [PAUSE] after a [BEFCC] in @ program is not over-
written.

_x_

SPACE | PRINT:

STK

SPACE

PRINT: [ STACK |




Seclion 15

The HP-67 and the HP-97:
Interchangeable Software

Programs that hove been recorded onto cards by your calculator can
be loaded and run in vour calculator as often as you like. They can
also be run on any HP-67 Programmable Pocket Calculator or on
any HP-97 Programmable Printing Caleulator. In fact, software
{i.e.. a group of programs) is completely interchangeable between
these two Hewlett-Packard calculstor models—any programs that
have been recorded onto a card using the HP-97 can be loaded into
and run on the HP-67, and vice versa, Data cards are also inter-
changeabie between the two calculators. All functions and switches
operate alike on the two caleulators, with the exception of the printing
functions on the HP-97 and the automatic list functions of the HP-67.

Keycodes

You can see the similarities of the HP-67 and the HP-97 in the illustra-
tions shown on pages 300-301. Although some of the nomencluture
on the keys varies, the difference is so slight that you will find it easy
to operate cither model of calculator if you are familiar with the other

For example, ("] on the HP-97 operates exactly the same as
(PAUSE] on the HP-67, and @ (571 on the HP-67 is the same as
B on the HP-97.

When a program from one model of caleulator is loaded into the other
model, the keyeode is transmuted to reflect the location of the funetion
on the new model, Keveodes are read alike on both models; first the
row, then the number of the key in the row, from the top down and
from left 1o right, Digit keys are represented by keycodes (0 through
09

300 lerchangeable Soltware

HP-67 Programmable Pocket Calculator

b
o

Bla

2" row,
3" kay in row.

B 5
BB

B BB
B)R B

\

1

z
=y
E
B B2 B
(o =
=== =

g
B

<
B oy
]
A
[ = ]
Es Lo
-
E

O the HP-67, keyeodes for functions that are selected by first press-
ing a prefix key and then a digit key are referenced by the keycode
matrix address, not by 00 through 09, On the HP-97, however, the
prefixed functions that are below the digit keys are referenced by
keycodes of 00 through 09, On the HP-97, the keycodes for the keys
on the right-hand keyboard (except for the digit keys) are penerated
with minus signs before them. For example, if vou had loaded the
operation EZ3 9 into the HP-67, the keveode would be 23 (09 (that is,
2" row, 37 key. followed by the keycode 09 for the [8) key). If you
recorded that operation on & magnetic card, then resd the card to load
the same operation into an HP-97, the keycode for the operation on the
HP-97 would be -63 09 (that is, 6™ row, 3™ key of the right-harnd
keyboard, followed by the (8] kev).
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HP-97 Programmable Printing Calculator

3™ row, H'ﬂﬂﬂ;‘; | 1

B hey 1 -ﬂﬁﬂiﬂ- i 'm'] E] [I] iE] e |

nrow. || seoose & 00 -
mooooa | [ ]k

B™ row,
qra k‘ﬂ]l'
in row,

Kﬁycudns far these keys are shown
with a minus sign before them,

Keycodes representing keys on the lefi keyboard of the HP-97 have
!C:ycude_-. with no sign before them, so a 3 instruction loaded
into the HP-97 would have a keyveode of 36 03, If that operation were
recorded onto a magnetic card, and then loaded from the card into
an HP-67, the keycode for the operation in the HP-67 would be 34 03,

Although the keycodes are altered, the operations are the same from
calculator 1o calculator, from HP-67 to HP-97. And since each opera-
?i-:m. no mitler how many keystrokes it takes to perform, is loaded
ko 4 single step of program memory, the steps of program memory
into which a program is loaded are the same when a program is
changed from one caleulator to another.
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For example, if you loaded the program for the area of & sphere
into an HP-67 from the keyboard, then recorded it onto 4 magnetic
card, and finally passed the card through the card reader of an HP-97,
the contents of the program memory of the two calculators might
lonk like this:

HP-67 Program Memory HP-97 Program Memory

Step  Instruction  Keycode Stap Instruction  Keycode

o0r ME@ 312N | om B 21 M
oz B 32 54 oz B 53
003 O 573 o003 00O 16-24
[ | 7 o4 0 -35
005 O A 3522 005 [ 24

You can see that the program is exactly the same in the two calcu-
lators, even though some operations are prefixed in one calcularor
and not in the other, npl:ra!'l::lns are always loaded correctly for the
particular calculator, so you can examine and edil the program, no
matter the model caloulator into which it is losded. For a complete
list of keyeodes and cormesponding functions on the two calculators,
refer to appendix E.

Print and Automatic Review Functions

The only functions that operate differently between the two calcu-
lators are the automatic review functions and[__] pause on the HP-67,
and the print functions on the HP-97. For example, you can print a
list of the stack contents with the printer on the HP-97 by using the

[0 function, Since the HP-67 Programmable Pocket
Calculator does not have a printer, however, the stack contents are
reviewed by passing them through the display, one register of 4 ime,
with the [575] fawromatic stack review) function.
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Since the purpose of the two operations is essentially the same (review
of the stack contents), these two operations are interchangeable
between the two models of caleulators. If you load a program con-
taining a £} instruction into an HP-67 Programmable Pocket
Calculator, then record that program onto a magnetic card and use the
card to load the same program into an HP-97 Programmable Printing
Calculator, thelB} [575] instruction from the HP-67 will automatically
be loaded into the HP-97 as an B3 101 | [C7] instruction.

Similiarly, the function on the HP-97 and the S-second [
pause on the HP-67 have the same purpose—io allow you 1o record
the current contents of the X-register while a program is running.
Thus, a [ZICEE instruction in a program recorded onto a magnetic
card by an HP-97 printing caleulator will be loaded into an HP-67
as an [ ] pause when the card is passed through the card reader on
the HP-67. In the HP-67, this 5-second [C ] pause is designed to
give you enough time to write down or view the contents of the
X-register while a program is running.

Mote: Within the HP-67 only, the five delault functions

above the tlop-row keys are
prasent n the calculator 1o enhance its wsability in AUN
mode and cannol be recorded in program memory, How-
aver, these same functions are duplicaled elsewhere on
the calculator by prefixed functions, and these prefixed
operations can be recorded.

o4 Interchangeable Software

The chart below illustrates the keys that are different yet interchange-
able between the HP-67 &nd the HP-97.

Whan When

Operation on: encouniered encountered
as an instruction as an instruction
HP-57 HP-97 by the HP-ET: by the HP-97:
] [ 2} Causes program Prints current con-

execution to pause | tents of X-register.
for sbout 5 seconds,
displaying cirant
conlents of X-
register with decimal
point blinking eight

limas

E= i [ || Displays current Prints current con-
conlents of each fents of stack
stack ragister registarns.
saquantially: T, Z, Y,
and X, with decimal
point biinking twice
for sach stack
register,

FPRINT: [m] Displays conterts of | Prims contents of all
SaLh primary slor- primary storage

age register, begin- | registers; R, through
ning with registers R;. R, through Rg, 1.
R, through R, then
H‘ “"Iﬂ:ll.ﬂh H|_ and
finally |, Each dis-
play |s preceded by a

dispdayed number
inchcating thi
register's address.
EmcE] | Faint 23 || Pedorms no Prints a blank space
oparation, on pApS tRpe

Naturally, all other keys perform exactly the same function on the
HP-67 as on the HP-97.

Notice that the function on the HP-67 Programmable Pocket
Calculator performs no operation on thar caleulstor. It is used only
in programs which may be recorded onto mugnetic cards and later
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loaded and run on the HP-97 with its buili-in printer. On the HP-97
prints 4 blank space on the paper tape, just as if you had
pressed the paper advance pushbutton, and it is exiremely useful
in separiting answers or portions of your HP-97 print-out.

Remember: Any program or data recorded on a magnetic card can be
loaded from that card and used in either the Hewlen-Packard HP-67
Programmuable Pocker Calculator or the HP-9T Programmable
Printing Caleulaior. Because the design of these two calculators has
been integrated, you Can Use your own program cards, or preprogram-
med cards like those in your Standard Pac or any of the oplional appli-
cation pacs, in any HP-67 or HP-97.

A Word about Programming

You have now been exposed to the festures of the HP-67 Programm-
ble Pocket Caleulator, But exposure is not enough—to gain confi-
dence in and fully appreciate the power of this small computer, you
must ise i1 1o solve your problems, simple and complex. Although the
best program for a given application is usually the most straightfor-
ward, don't be afraid 10 experiment, to forge into the unknown, to
STamp upon your programs your own personal trademarks. And you'll
probably want to learn some of the' ‘tncks™ of nrphls.l::ic:nt:d prog-
rammers o apply in your own software,

A pood place to begin is with the HP-67 Standard Pac. At the end of
the rext you will find detailed explanations for some of the technigues
used in actual programs in the Pac. You can also learn a great deal
about programming by ‘‘reading’’ the programs in the Fac—
following them, step-by-step, to see what makes them tick , (o atempt
to find out why the programmer used the sweps he did.

With the HP-67 the problems of the world can be solved!

Appendix A
Accessories

Standard Accessories

Your HP-67 comes equipped with one each of the following standard
SCCESSOES:

Accessory HF Number
Batiery Pack (inslalled in calculator before

shipping) 820014
AC Adapter/Recharger B2002A
HP-67 Owner's Handboaok and

Programming Guide Q00BT-90011
HP-87 Quick Reference Card QO0BT-20001
Soft Carnpng Case B20534
Standard Pac, including: 00067-13101

=« HP-E7 Standard Fac (instruction book)

s 14 Preracorded Program Cards

1 Prerecorded Magnetic Card
containing Diagnostic Program

# 1 Head Claaning Card

» 24 Blank Magnetic Cards

= Card Holder lor Magnetic Cards

Programming Pad po0eT-13154
Optional Accessories

In addition to the standard accessories shipped with your HP-67,
Hewlet-Packard also makes available the optional accessories seen
below. These aeoessories have been created to help you maximize
the usability and convenience of your calculator,
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Security Cradle B2015A

A durable locking cradle with a
wough &-foot long steel cable that
prevents unaulhorized borrowing or
pilferage of vour calculator by lock-
ing it to o desk or work surface. The
cable is plastic-coverad o eliminate
scarring of furniture, and you hiave
full sccess 1o all features of your
HP-67 at all times,

Reserve Power Pack 20044

The reserve power pack attaches to
the caleulator's ac adapterirecharger
to keep an extra banery pack
freshly charged and ready for use.
Comes complete with extra battery
pack.

Programming Pad = 00097-13154

Each pad provides 40 worksheets to

help you develop programs for vour
HP-67. e )
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Blank Magnetic Cards 0009713141
Each pack of blank magnetic cards

contains 400 HF program cards for
recording of your programs. Any

card can be labeled to indicate pro-

gram title and functions of user-

definable kevs. Includes personal

cand holder.

Multiple Card Packs 00027-13143
Consists of three packs of blank
magnetic cards (120 cards 1otal)
with three personal card holders.

Program Card Holder 00059713142

Each package contains three
program card holders like the one
shipped with vour calculator for
CATTYing exXirs magnetic cards,

Field Case 820164

A sturdy  weather-and-shock
protector, the field case keeps you
mobile by allowing vou 1o carry
your calculutor on your hip—any
time, any place. Constructed of a
rugged lesther-like material, the
field case has belt loops for con-
venienl  attachment and extira
pouches for program  cards und
Cuick Reference Card
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HP Application Pacs

Each pac provides approximately 20
prerecorded programs in a particular
field or discipline. Esch comes
complete with a detailed instruction
book and prerecorded  magnetic
cards

,

To order additional standard or optional accessories for your HP-67
see your nearest dealer or fill out an Accessory Order Form and retum
it with check or money order to:

HEWLETT-PACKARD

Corvallis Division
1000 M.E. Circle Blvd.
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 to
change without notice,

Appendix B
Service and Maintenance

Your Hewlett-Packard Calculator

Your HP-67 is another example of the award-winning design, superion
quality, and attention to detail in engineering and construction thal
have marked Hewlett-Packard electronic instruments for more than
thirty years. Each Hewlett-Packard calculator s precision-crafted by
people who are dedicated to giving vou the best possible product at any

price.

Switches silicon greased for long life.

Simultaneous ac line operation and battery pack charging from re
charger. Charger terminais sealed to keap oul molsture and dust
High-intensity light-emitting-diocde display.

“Smart” card reader for accurate reading of magnelic cards unde
manual or program control.

One-piece rechargeable batlery pack needs no tools tor replace
ment

MNon-skid PVC feet.

Gold-plated conlacts resist corrosion.

Posltive keyboard feel.
Keys double injection-moldad for parmanent, precise symbals,
310
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After construction, every calculator is thoroughly inspected for elec-
trical or mechanical flaws, and each function is checked for proper
operation.

When you purchase 8 Hewlett-Packard calculator, you deal with a
company that stands behind its products. Besides an instrument of
unmatched professional quality, you have st vour disposal many
extras—a host of accessories to make your calculator more usable,
service that is available worldwide, and support expertise in many
application arcas.

Battery Operation

A rechargeable battery pack is provided with your caleulator. Be sure
to charge the battery pack before portable use of your calculator.
A fully charged bauery pack provides approximately 3 hours of con-
tinuous operation. By turning the power OFF when the calculator is
not in wse, the HP-67"s battery pack should easily last throughout &
normal working day. You can extend battery operation time by reduc-
ing the number of digits in the display. Press (2] between culeulutions
and prior to starting & new calculation if the wait between éntries
is extensive.

Mate: f you use your HP-B7 extensively in lield work or
during traval, you may want to ordar the Reserve Powar
Pack. consisting of a battery charging attachment and
spare battery pack. This enables you 1o charge one pack
while using the other.

Recharging and AC Line Operation

To avoid any transient voltage from the charger, the HP-67 should be
tumed OFF before plugging it in. It can be turned ON again after the
Ehﬂ:’ﬂtr is plugged into the power outlet and used during the charging
cycle.

A discharged battery will be fully charged after being connected to the
charger for a period of 14 hours; overnight charging is recommended.
It desired, the HP-67 can be operated continuously from the ac line.
':“'l! battery pack is in no danger of becoming overcharged. If a battery
15 fully discharged, it must be charged for at least 5 minutes before a
card can be read.

a2 Service and Maintenance

CAUTION
Operating the HP-&T from the ac line with the batiery pack

| removed may result in damage 1o your calculator.

The procedure for using the ac adapterfrecharger is as follows:

L. If your recharger has a line-vollage select switch, make sure the
switch is set to the proper voltage. The two line voltage ranges
are 86 to 127 volts and 172 to 254 volis.

[ CAUTION
| Your HP-6T7 may be damaged if it i& connected fo the |

chargaer when the charger is not set for the coract line
| voliage,

2. Ser the HP-67 power switch to OFF.

3. Insert the recharger plug into the rear connector of the HP-67
and inseri the power plug into a live power outlet,

4, Set the power switch to ON, 1f the W/PRGM-RUN switch is set
ww RUN, you should see a display of '

5. Se1 the power switch to OFF if you don't want 1o use the
calculator while it 15 charging,

6. Atthe end of the charging period, you may continue 1o use your
HP-67 with ac power or proceed to the next step for battery -only
operation.

7. With the power switch set to OFF, disconnect the battery
charger from both the power receptable and the HP-67.

CAUTION
The use of a recharger other than an HP recharger like the
ana provided with your HP-E6T may resull in damage to your
calculatos.
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Battery Pack Replacement

If it becomes necessary to replace the battery pack, use only another
Hewlett-Pockard battery pack like the one shipped with your cal-
culator,

CAUTION
Use of any batteries other than the Hewlett-Packard battery
pack may resull in damage lo your calculator

To replace your hatiery pack use the fallowing procedure;

|. Set the power switch to OFF
ond disconnect the batiery
charger

b

Slide the two battery door
latchies toward the bottom of
the calculator,

3. Let the banery door and bat-
tery pack fall into the palm of
your hand,

4. See if the battery connector
springs have been inadver-
tently Aanened inward. If so.
bend themn out and try the bat-
tery again.

314 oervice and Maintenance

3. Insert the new battery pack so
that its contacts face the cal-
culator and contact is made
with the battery connectors.

6. Insert the top of the battery
door behind the retaining
groove and close the door.

T. Secure the battery door by
pressing it gently while slid-
ing the two battery door
latehes upward.
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Battery Care

When not being used, the batteries in vour HP-67 have a seli-
discharge rate of approximately 1% of available charge per day. After
30 days. a battery pack could have only 50 to 75% of its charge
remaining, and the caleulator might not even tum on. If a caleulator
fails 1o tum on, you could substitute a charged battery pack, if
available, for the one in the calculator. The discharged batiery pack
should be charged for at least |4 hours,

If a battery pack will not hold a charge and seems 1o discharge very
quickly in use, it may be defective. The battery pack is warranted for
one year, and if the warranty is in effect, return the defective pack o
Hewlen-Packard according to the shipping instructions. (If you are in
doubt about the cause of the problem, retum the complete HP-67 along
with its battery pack and sc adapterirecharger. ) If the battery pack is
out of warranty, see your nearest dealer or use the Accessory Order
Form provided with your HP-67 to order a replacement,

WARNING
Do not attempt to incinerate or mutilate your HP-E7 battery
pack—the pack may burst or release loxic materials.

Magnetic Card Maintenance

Try to keep your cards as clean and free of oil, grease, and dirt as
possible. Dirty cards can only degrade the performance of your card
reader. Cards may be cleaned with alcohol and a soft cloth.
Minimize the exposure of your calculator to dusty, dirty environments
by storing it in the soft carrying case when not in use. Each card pack
contains one head cleaning card,
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The magnetic recording head is similar to magnetic recording equip-
ment. As such, any collection of dint or other foreign matter on the
head can prevent contact between the head and card, with consequent
failure 1o read the card. The head cleaning card consists of an abrasive
underlayer designed to remove such loreign matter. However, the use
of the card without the presence of a foreign substance will remove o
minute amount of the head itself; thus, extensive use of the cleaning
card can reduce the life of the card reader in vour HP-67. If you suspect
that the head is dirty, or if vou have trouble reading or recording cands,
by all means use the cleaning card; that’s what it is for, If one 1o five
passes of the cleaning card does not clear up the situation, refer io
Improper Card Reader Operation in this appendix.

Service

Low Power
When you are operating from battery power, a bright red Lamp inside
the display will glow to warn you that the battery is close to discharge.

1.23 —EE_J Low Power Display

You must then either connect the ac adapter/recharger to the calculator
as described under Recharging and AC Line Operation, or you must
substitute & fully charged battery pack for the one in the caleulator,

Blank Display

If the display blanks out, turn the HP-67 OFF, then ON. If
[ei00 does not appear in the display in RUN mode, check
the following:

1. ITthe ac adapeer/recharger is attached to the HP-67, make sure it
is plugged into an ac outler. If not, um the calculator OFF
before plugging the recharger into the ac outlet,

2. Examine battery pack o see if the contacts are dirty.

3. Substitute a fully charged baitery pack, if available, for the one
that was in the calculator.

4. If display is still blank, try operating the HP-67 using the
recharger (with the batteries in the calculator).

3. If, after step 4, display is still blank, service is required. (Refer
1o Warranty paragraphs. )
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Blurring Display

During execution of a program, the display continuously changes and
is purposely illegible to mdicare that the program 1s running. When the
program stops, the display is steady.

Improper Card Reader Operation
If your calculator appears to be operating properly except for the
reading or loading of program cards, check the following:

1. Make sure thar the W/PRGM-RUN switch is in the comect
position for desired operation: RUN position for loading cards,
W/PRGM for recording cards,

2. If the drive motor does not start when & card is inserted, make
sure the battery pack is making proper contact and has ample
charge. A recharger may be used in conjunction with a partially
churged battery in order o drive the card resder motor. If the
battery has been completely discharged, plug in the recharger
and wait 5 minutes before attempting to operate the card reader,

3, Ifthe card drive mechanism functions correctly , but your HP-67
will not read or record program cards, the trouble may be due to
dirty record/playback hends. Use the head cleaning card as
directed. Then, test the calculator using the diagnostic program
card fumished with it, following the instructions provided. If
difficulty persists your HP-67 should be taken or sent to an
duthorized Hewlen-Packard Customer Service Facility,

4. Cards must move freely past the record/playback heads, Hold-
ing a card back or bumping a card after the card drive
mechanism engages could couse & card (o be misread.

F CAUTION

Cards can be accidentally erased if subjecied to strong

| magnatic fields. (Magnetomalers at airports are in the sale
range. )

5. Check the condition of your magnetic cards. Cards that are dirty
or that have deep scraiches will sometimes not read properly,

6. If you are trying to operate the calculstor outside the recom-
mended temperature range, you may experience problems with
the card reader. Low temperatures may cause the calculator to
register when a magnetic card is read.
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Temperature Range
Temperature runges for the calculator are:

Oiperating +10% o 40°C +50° to 104°F
Charging +10° 1o 40°C +50" to 104°F
Storaze —40° to +55°C —40° 1o +131°F

Warranty

Full One-Year Warranty

The HP-67 is warranted against defects in materials and workmanship
for one (1) year from the date of delivery. During the warranty period,
Hewlen-Packard will repair or, at its option, replace at no charge
components that prove to be defective, provided the caleulator is
retumned, shipping prepaid, to Hewlett-Packard's Customer Service
Facility. {Refer to Shipping Instructions. }

This warranty does not apply if the calculator has been damaged by
accident or misuse, or as a result of service or modification by other
than an authorized Hewlett-Packard Customer Service Facility. No
other express warranty is given by Hewlett-Packard. Hewlett-
Packard shall not be liable for consequential damages.

Obligation to Make Changes

Products are sold on the basis of specifications applicable at the time of
sale. Hewleit-Packard shall have no obligation to modify or update
products once sold.

Repair Policy

Repair Time

Hewlen-Packard calculators are normally repaired and reshipped
within five (5) working days of recelpt at any Customer Service
Facility. This is an average time and could possibly vary depending
upon time of yvear and work load a1 the Customer Service Facility.

Shipping Instructions

The calculator should be retumed, along with completed Service
Card, in its shipping case (or other protective package) o avoid
in-transit damage. Such damage is not covered by warranty, and
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Hewlett-Packard suggests that the customer insure shipments to the
Customer Service Facility. A calculator returned for repair should
include the ac adapter/recharger and the battery pack. Send these items
10 the address shown on the Service Card,

Shipping Charges

Whether the calculator is in-warranty or out-of-warmanty, the cus-
tomer should prepay shipment to the Hewleit-Packard Customer Ser-
vice Facility. During warranty , Hewlett-Packard will prepay shipment
back to the customer.

Further Information

Service contracts are not available. Calculator circuitry and design are
proprietary to Hewlett-Packard, and Service Manuals are not available
1o customers.

Should other problems or questions arise regarding repairs, please call
vour nearest Hewlewt-Packard Sales Office or Customer Service Facil-
ity.

Appendix C
Improper Operations

I you attempt a calculation containing an improper operation—say,
division by zero—the calculator display will show . The
following are improper operations:

where x =0

where y =0and x =0
where ¥ < 0 and x is non-integer
where x <0

where x =0
where x =0
where x =0

where |:!is}l
where |x|is > 1

B wherex =0
where n = 0
where n = |

ogppepensas

MOE 0D EE, G000, 50 8 E, where magnitude of
number in storage register [0 would then be larger than
9 GHGGRG00 X 0%,

where y =0

D M where ABS (INT D) >9

B [@ where ABS (INT I) > 25

[E8 @ where ABS (INT I) = 25
CEOD.CEE0.6000.00 6 @, whers ABS (INTD) >

23, or where magnitude of number in storage register addressed by |
wolild be larger than 9999999999 x 1(#,
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(EED , £, where ABS (INT I) =25
BB M, &2 m, where -999 > INT I > 19
Card reader malfunction,

Amtemnpting to record on a protected side of a magnetic card.

a2

Appendix D
Stack Lift and LAST X

Stack Lift
A number keyed in following one of these operations lifts the stack:
- | GOMR.D-0.0
IR st
0 @6 0-8.0
B & RCI
E) [i&T] ] [smo f - J OO
] 0 @mab. o
0 B G0 8E. O
0 =3) GRE.O
G & -
Yl oea ]
ATH [Cies] RAD | EE.o-B.m
L GRD E«E'Ee—[ﬂ]
[73) m =) G - &
E= [(Pause ) LCh, P ] lim.o-3
= =) CI0-a
] rcL e |
) (mss) =, D
[e=2] | e
%
F 8 -3
=3 er @ -3
s -3

=5, if not preceded

Z
e
!
=
g
O]



Stack Lift and LAST X = 323
A number keyed in following one of these keys does not affect the

stack:

om (= (23

in RUN [} when preceded

e oel | mode by [, (53, or digit
@, @ =)

am (wEREE)

0] G

O-@ ()

A number keyed in following one of these operations writes over the
number in the X-register and the stack does not lifi:

[cix] EOED = i~
LAST X

The following operations save x in LAST Xz

(-] 1)
4] ¥
%] X0 =) =
]
=) ] =)
E Sing 1 E‘E] E
E83 3

]

[

(HMEs ]

oy

E-

(=)

=8 =

&

Appendix E

Calculator Functions and Keycodes

This tahle shows the corresponding functions that can be loaded into
program memaory on the HP-67 Programmable Pocket Calculator and
the HP-97 Programmable Printing Calculator,

HP-97
Tape Symbal

[
&

HP-97 HP-97
Keystrokes Keyeoode

NNEBEISREBR=S

&
8
1000880 80EEEEEEEEE

2

&
B a
29

16 22 M
16 22 02
16 22
-22
16-53
-51

NN EOREERERRREEE

0peea0
EEOE

Eﬁi

16 42
16-21

-24
16 45

324

sEnas
0 Of

HP-67

Bee

0 gno°fiesas
8 EEE
EBB I EEEE

HP-67
Keystrokes Keycode

REER

2222888
E&R2R=STERBEEESREEERSS

(=]
i,

(%3
-k
2
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Calculator Funclions and Keycodes 327 328 Calculalor Functions and Keyeodes
HP-97 HP-97 HP-97 HP-67 HP-67 HP-97 HP-97 HP-97 HP-67 HP-67
Tape Symbol Keysirokes Keyeode Keystrokes Keycode Tape Symbol Keystrokes Keyveode Kevstrokes Keycode
wWEBlr 3@ 2100 W(d@E 312500 of o “ D@ a1 72
s B! 1 (Lo N 2101 WIEIRE a1 a5 01 P o -31 @™ 35 53
Bl EEE 2102 WCDE 372502 o+ @ 16-31 [ E I 5
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General Index

A

Absolute valus, B&
AC line operalion, 311
Accessing subroutines, 197
Accessories, D6
Accumulations, 107
Adding angles, 96
Adding time, 96
Addition, 32
Addressing, 140, 223, 239
Altering numbers, 85
Altering programs, 147-167
Angle conversions, 92
Antilog, common, 103
Antilog, natural, 103
Application pacs, 309
Arithmenic: chain, 62
simple, 32
storape, K1
vector, 118
Automatic constant, 68
Automatic display switching, 47
Auvtomatic memory stack, 53
MAutomaric register review, 77
Automatic stack review, 56
Average {meun), 111
Avogadro's number, 72

B

Buck-stepping, 148, 158
Black u;rrﬁx ityi P
Blank card, resding, 132
Blank cards, ordering, 308
Blank display, 316
Battery care, 315
Batery operation, 311
Battery replacement, 313
333

334 Index

Beginning of & program, 133
Blue prefix key, 2B

Blumng display, 317
Branching, 179-195
Branching, indirect, 238
Branching, rapid reverse, 244

C

Calendar functions program, 17
Card holder, 308
Card maintenance, 315
Card reader, 124, 271-297
Cards, magnetic, 271
Case, field, 308
Chain calculations, 34
Changing a program, 147
Changing sign, 29
Changing the batiery, 313
Charging temperature, JI8
Charging the battery, 312
Charging time, 311
Cleaning magnetic cards, 315
Clearing: display, 29, 57
flags, 258
primary registers, 79
program memory, 132
sccondary registers, 80
stack, 80
Command-cleared flags, 256
Common antilog, 103
Common logarithms, 103
Conditional branching, 185
Conditional operations, 186
Constant anthmetic, 68
Controlling the display, 41
Conversions: decimal degrees/degrees, minutes, seconds, 95
degreesiradians, 92
hours'hours, minutes, seconds, 95
polarrectungular coordinate, 9%
Correcting statistical data, 116
Counter, I-register, 217
Cube roows, 105



Indax 335

D

Data cards, 279
Drata entrv flag (F3), 260
Data storage, 71
Decrementing l-register, 215
Default functions, 30, 130
Defective battery pack, 315
Degrees mode, 93
Degrees to radians, 92
Deleting program instructions, 148, 161
Deleting statistical datz, 116
Designing a program, 141
Diny cards, 318
Display: blank, 316

blurring, 317

error, S0

low power, 51
Display formatting, 42
Display, indirect, 223-229
Displaying I-register contents, 214
Display keys, 42
Division, 33
Documenting a program, 141

E

Editing a program. 147-167
End of program, 134
Engineering notation, 45
Entering exponents of 10, 48
EXED key, 32, 58

Error conditions, 320

Ermor display, 50

Exchange key, 58

Exchanging primary and secondary register contents, 74
Exchanging x and 1, 214
Exchanging x and y, 55
Executing & program, 138, 152
Exponentiation, 104
Exponents of ten, 48
Extracting roots, 89, 105

336 Index
¥
Factorinls, 88

Faulty card reader operation, 317
Fibonacci numbers, 247
Finite loops, 189

Fixed point display, 44
Flags, 255-269

Flowchans, 141

Formaiting the display, 42
Four-register stack, 53
Fractional display, 87
Function keyvs, 27
Functions, rigonometric, 92
Functions, statistical, 107

G

Getting started, 27

Gold prefix key, 28

Golden ratio, 252

G to, indirect, 224, 238

Gio to instruction, 148, 157, 179-191
Go o subrouting, 197

Go o subroutines, indirect, 224, 239
Grads mode, 93

Halt execution, 172

Hard case, 308
Head-cleaning card, 316
Hours, decimal, 94

Hours, minutes, seconds, 94
HP-97, 199

Improper cand reader operation, 317
Improper operations, S0, 320
Incrementing l-register, 215
Indirect display control, 225
Indirect address, 224

Indirect operations, 223



Index

Indirect store and recall, 229
Inequality conditionals, 186
Infinite loops, 180
Initializing a program, 150
Input pause, 175

Inputting & program, 134
Inserting a card, 124
Inserting an instruction, 154
Integer display, 86

Integer exponent, 104
Interchangeable software, 299
Interrupting a program, 169
l-register, 73, 213-250

K
Kevboard functions, 30
Keycodes, 129, 299, 324

Key index, 8
Keying in numbers, 28

L

Labelling routines, 133
Labels, 133

Label search, 137

LAST X register, 67

Limits, subroutine, 206
Loading a prerecorded program, 124
Loading a program. 21, 134
Loading data from a card, 281
Logarithms, 103

Looping, 180, 217

Low power display, 51

M

337

Mach number, formula for, 106
Magnetic card mainienance, 315
Magnetic card recording, 23
Magnetic cards, 271

Marking a card, 278

Matrix, keycode, 128

Mean, 111

338 Index

Memory: program, 127
registers, 71
stack, 53

Merged londing of data, 286

Merging programs, 274

Modifving a program, 154

Moon rocket lander program, 124

Multiple card packs, 308

Multiplication, 33

N

Matoral logarithm, 103

Megative numbers, 29

MNested subroutines, 207

Net amount, 91
Nonrecordable operations, 147

0

One-number functions, 31, 60
Omne-year warranty, 318
Operating temperature, 318
Optional accessorics, 306
Ordering sccessories, 309
Outlining a program, 141
Overflow display, 50
Overflow, storage registers, 83

Puuse, program, 172-177

Pausing for input, 175

Pausing to view output, 172
Pausing to resd o card, 292
Percentages, 90

Percent of change, 91
Permutations, B8

i, 89

Polar 1o rectangular coordinates, 99
Population, standard deviation of, 115
Prefix keys, 27

Prerecorded program, 124
Primary-exchange-secondary. 74



Primary registers, 71

Program card holder, 308
Program cards, 272

Program execution, 138
Program loop, 180

Program memory, 127
Program pause, 172-177
Program steps, 127

Program subroutines, 197-211
Programming, 123-269
Programming key index, 10
Programming pads, 307
Protected registers, 74
Protecting a card, 278
Pvthagorean theorem program, 149

Q

Indeax

Quadratic roots program, 198-203

R

Radians mode, 93
Radians 1o degrees, 92
Raising numbers 1o powers, 104
Random number generator, 204

Ratior of increase/decrease, 91

Reading a card, 124

Recall, indirect, 229

Recalling contents of secondary registers, T6
Recalling numbers, 72

Recharging the batery, 312
Reciprocals, 87

Recording a program, 23, 272
Recording data onto a cand, 279
Rectangular to polar coordinates, 99
Regisier review, 77

Registers, memory, 71

Registers, stack, 53

Repair policy, 318

Repair nme, 318

Replacing the battery, 313

Reserve power pack. 307

Reserting 1o step 000, 151

339

340 Index

Return instruction, 134
Reverse branching, 244
Reviewing the siack, 54
Roll-down key, 34

Roll-up key, 55

Rounding numbers, 85
Routines, 197-211

Running a program, 137, 160
Run/stop function, 169

g

Saving a program, 23

Scientific notation, 43

Scratched cards, 317

Searching for a label, 137
Secondary registers, 74

Secunity cradle, 307

Seed, 204

Self-discharge rate, battery, 315
Service and maintenance, 310-319
Setting flags, 255

Shipping charges, 319

Shipping instructions, 318

Sign change, 29

Simple arithmetic, 32
Single-step execution, 152, 207
Single-step key, 128, 147
Single-step viewing without execution, 155
Sguare roos, 89

Squaring, 89

Stack lify, 322

Stack, memory, 53

Stack review, automatic, 56
Standard accessories, 306
Standard deviation, 113
Standard deviation, population, 115
Standard pac, 17, 124

Stant of program, 133

Statistical functions, 107
Statistical registers, 108
Stepping backwards, 158
Stepping through a program, 128
Stopping a program, 127, 134



Storage, indirect, 229
Storage register arithmetic, 81

Storage register arithmetic, indirect, 232

Storage register overflow, 83
Storage registers, T1
Storage temperature, 318
Store 1, 73

Storing numbers, 72
Subrouting limits, 206
Subrowtines, 197-211
Subtracting angles, %6
Subtracting time. 96
Subtraction, 39
Symbaols, flowchart, 142

T

Index

3n

Temperature range, 318
Test-cleared flags, 256

Test for zero, [-register, 215
Tesis, conditional, 186
Top-of-memory marker, 127
Trigomometric functions, 92
Trigonometric modes, 93
Two-number functions, 32, 60

L

service Card

Reter 1o Ihe appendix of your Crwner's Handbook 1o diagnose
a calculator mallunction. The warranty period for your
calcufator is one year from date of purchase. Unless Proof of
Purchase is enciosed (sales slip or valldation) Hewlen-
Packard will assume any unit over 12 months old is out of
warranty, (Proof of Purchase will be returned with your cal-
culator.) Should service be required, please return your
caiculator, charger, batteries and this card protectively
packaged o avoid in-ransit damage. Such damage is not
covered under warranty.

Inside the U.S.A.
Return items safely packaged directly o

Hewletl-Packard
APD Service Departmaent
P.O. Box 999
Corvallis, Oregon 97330
We advise that you insure your calculator and use priority
{AIR) mail tor distances greater than 300 miles to minimize

transit times. All wnits will be returned by lastest practical
means.

Unconditional branching, 179
Unprotected card, 273

Using subroutines, 204

v

Vector arithmenic, 118

Viewing program memaory, 155
Viewing program output, 172
Volume of cylinder program, 173
W

Warranty, 318

Writing & program, 21, 133
Worksheets, programming, 307
X

x-exchange-1, 214
x-exchange-v, 85
X-register, 53

Outside the L.5.A.

Where required piease fill in the validation below and retum
your unit 1o the nearest designated Hewleti-Packard Sales and
Service Office. Your warranty will be considered irvalid il this
compleled card 15 not relurned with tha caleulator

Mogel Mo Eesial No

Dite FAacanbd

lrvocn Mo Dedivery Note Blo
Sold by:




! Calculator Catalog and Buying Guide Request Card

A B OF REeOCiahe m nlae waml t0 know aboud
P e, Hamdatt Pagiard. Cacultor Catalog and Buying
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BUSINESS REPLY MAIL
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Hewlett-Packard et

1000 MLE, Cirche Bivd.
Corvalis, Oregon 57330




" service Information

Must be completed and retumed with your
calculator, charger and batieries,

I:-Mm:f'l Plima i Ciate

;ﬂl'l'*l Phonin = Wk anp- =

Shipte address for reéturning repaired calculalor

Sarast Addniss

Cily Elain k]

Describa Problem

Modei Mo Setint Mo

Preferred method of paymen! loe out-ol-warranty ropairs.
It not specified, unit will be returned C.0.D.

0 BankAmencard [0 Master Charge

Card Ma - Exprration Davw

HName sEDpednn 0N credt caso

LiPurchase Order, companies with aslablished Hewleh-
Packard credit only. (Inchude copy of Purchase Order with
shiprmant ).

T

Autoriaid Signitae

HEWE E.TTEPAL:HAH‘U

Useful Conversion Factors

The following factors are provided 1o 10 digits of accuracy whre possible,
Exact values are marked with an asterisk. For more complete information
on conversion factors, refer to Matric Fractice Guige EI80-T4 by the
American Scciety lor Tesling and Malenals (ASTM).

Length
1inch = 25.4 millimeters'
1 foot = 0.304 8 meter

1 mebe (stattert - 1.600 344 Wlsmalers®
1 méle (nautical)t = 1.852 kilometers”
1 méda (naubcal)t - 1.150 778 448 miles (stanie

Area

1 square inch = 5451 & square contimaiers”

1 square oot = 0.082 203 04 square matar*

1 acre = 43 560 square feet

1 sguare miet = G40 acTes

Volume

1 culic inch = 16.387 064 cubic centimatars®
1 eiibile foot = (.028 316 B4T cubic maler

1 ounce (fluidi - 28 573 529 56 cubic cantimeters
! cunce (Nuldyt = 0.028 573 530 liter
1 gallon (heidif = 3.785 411 784 lsers®

Mass
1 ounce (mass)

= 28340 523 12 grams
1 pound (masa) =

0.453 582 37 klogram®
0.807 Y84 74 metric lon”

1 1on {shart)

Energy

1 British thamal unit = 1 055.055 BE3 joules
1 Wilocaloris {mean) = & 190.02 joules

1 watl-haur - 3 600 joules*
Force

1 ounce (force) = 0,278 013 BS newlon

1 pound (forcel - 4448 221 615 nowlons
Power

1 horsepower (slecinc) = T46 watts®
Pressure

1 atmosphars = 760 mm Hg al sea level

1 atmosphers = 14,7 pounds per square inch
1 atmosphara = 101 325 pascals

Temperature

Fahranheit = 1,8 Colsmis + 32

Colsius = 6/ Fahrenheit - 32)
ehvin = Celslys + 273,15

L] = 5% Fahranhait — 458.67)
kalvin = 5/8 Aankine
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Salas and Service from 172 offices in 65 countries.
1000 M.E. Circle Blvd, Corvallis, OR 97330

For additional Sales and Service Information contact your
local Hewlelt-Packard Sales Otfice or call 408,996-0100
{ask lar Calculator Customar Service)
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