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Manual Summary

Introduction (page i)

Briefly introduces the calculator, peripherals, interfaces, and other calculator accessories.

Section 1: KEYBOARD OPERATIONS (page 1)

Describes the HP 9815A strictly as a calculator: Simple and complex arithmetic, number
formats, scientific functions, storage registers, etc.

Section 2: PRINTER CONTROL (page 27)

Lists all printer functions and describes how to print formatted alphanumeric messages.

Section 3: PROGRAMMING (page 33)

Shows how to enter and run programs, and describes all programming functions.

Section 4: TAPE CARTRIDGE (page 75)

Discusses the tape cartridge and the tape control keys.

Section 5: SPECIAL FUNCTIONS (page 97)

Shows how to define, run, and record your own functions using the special function keys.

Appendix 1: INSTALLATION PROCEDURE (page 103)

Lists initial turn-on and inspection procedures which should be done immediately after you
receive the calculator.

Appendix 2: SERVICE (page 107)

Describes how to test the calculator and lists periodic maintenance procedures.

Appendix 3: OPERATING LIMITS (page 117)

Lists the calculating range, accuracy, and environmental limits.
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CAUTION
The inspection procedure for the calculator is in Appendix 1
of this book. Please refer there:
1) If the calculator has not been inspected, or
2) If there is any doubt regarding the compatibility of the
calculator power requirements to the voltage in your area.
Otherwise, the calculator could be severely damaged.

Keyboard Foldout »
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Introduction

The next few pages introduce you first to the HP 9815A Calculator and then to the many
accessories for building a complete calculating system. The important features on the cal-
culator keyboard are shown on the facing page.

If you have just received your calculator, or if there's any doubt concerning whether it is set
up to operate in your area, please refer to Appendix 1 of this book.

Your Calculator
Arithmetic Operations

Your calculator has four temporary storage lo-
cations (working registers) arranged like this #

X <NH

ft's called the “operational stack”. Simple arithmetic is done by placing numbers in X and Y
and pressing an arithmetic key; the result is left in X. The method is called Reverse Polish
(Lukasiewicz) Notation (RPN) and is extremely popular for fast, efficient operation. Section 1,
Keyboard Operations, describes how to use the stack and RPN.

The Display and Printer

The 16-character display shows you each number keyed in and each arithmetic result; and
you can print the current number in the display whenever you wish. In addition, the display
and printer are valuable programming aids. Section 2, Printer Control, lists the many printer
functions and shows how to print messages.

Range and Accuracy

The calculating range is from—9.99999999999 x 109 through 9.99999999999 x 109°°.
Whenever a result exceeds that range the printed message “OVERFLOW" appears. (See the
inside-back cover for a complete list of error messages.)

All calculations are computed to 12 places, but the accuracy depends upon the operation.
Arithmetic operations (+, —, X, and +) are accurate to within one count in the 12th (least
significant) digit.



The Memory

In addition to the four working registers just mentioned, the basic calculator has 10 perma-
nent data-storage registers and a 472-step program memory. A small portion of the program
memory is assigned to data storage when the calculator is switched on. (You can easily set
up more registers when they are needed).

The program memory can be expanded to 2008 program steps by ordering the calculator
with option 001. This option can also be added at a later date.

Programming

As explained in Section 3, your calculator is completely programmable — that is, you can
program all of the keyboard operations, the printer control, the tape-cartridge control, plus a
full set of program-control functions.

Tape Cartridge

The miniature tape cartridge used in your calculator can hold a surprising amount of prog-
rams and data. As described in Section 4, you can set up each cartridge to fit your needs, or
you can load the calculator using the many pre-recorded programs from HP.

Peripheral Control

If your calculator has option 002 (two-channel 1/0) it can control at least two external
peripherals, like those shown on the following pages. Option 002 also enables the calculator
to use any two of the special interfaces described on page v for controlling measurement
devices or special systems. Option 002 can be installed at any time.



Calculator Peripherals

Each of these peripherals is available with all needed interface cables and complete operat-
ing instructions. Each peripheral also provides your calculator with a unique set of key sequ-
ences, or “call” instructions, enabling full control of the peripheral.

HP 9862A X-Y Plotter

Histograms, pie charts, circuit diagrams,
linear, log-log, and polar plots — these are
some of the things you can do with the HP
9862A Plotter and your calculator. The plotter
can automatically scale your data, label each
plot in words and numbers, and draw axes with
labels and tic marks. A special feature also al-

lows you to digitize graphical data and store
the x-y coordinate points in the calculator.

Output Printers

If you need data output in tables, charts, or on
standard forms — almost any format — your
calculator and one of these printers will do the
job.

The HP 9871A Qutput Printer provides up to
15-inch wide, multiple-copy output, uses a full
96-character font, and prints at an average
speed of 30 characters per second. The cal-
culator can control character and line spacing,
platten motion, tabbing and form feed. A full
set of plotting instructions are also available.

The HP 9866A Thermal Printer is a fast (250
lines per minute), page-wide printer. It has a
64-character alphanumeric font and produces
fully-formatted text and tables with your cal-
culator. In addition, the HP 9866A can list cal-
culator programs in a convenient, four column
format.




Paper Tape Readers

Data from analytical instruments, machine
tools, and computer terminals goes directly
into your calculator with one of our paper tape
readers. The HP 9863A makes it easy to read
data in a wide variety of formats at 20 charac-

ters per second. Our HP 9883A Tape Reader

designed for high-speed, heavy-volume oper-
ations, optically reads tapes at up to 300
character per second. Use the 9883A to load

programs, too.

HP 9864A Digitizer

Use this peripheral to read a curve, or any ir-
regular shape, as a series of descrete points
and then convert these to a series of digitial x-y
coordinates. To make entries, simply trace the
shape; then the calculator can find dimensions
and area of the line or contained shape. With
the proper programs, you can directly process
graphical data, such as X-rays, blueprints,
strip-chart recordings, or cut-and-fill profiles.

HP 9884A Tape Punch

Add high-speed tape output to your calculator
with a tape punch. This reliable, compact unit
punches tape at 75 characters per second.




Special Interfaces

The following special interfaces are available for your calculator to control and exchange data
with a wide variety of peripheral equipment. Each interface has general installation and
operating instructions and provides the calculator with a full set of input/output control
instructions. Typical applications are shown here:

Output Printer
General 8-bit I/O Tape Punch
. Tape Reader

Instrumentation Control

HP 98134A
< 8-digit BCD in; Digital Voltmeter
\ / 8-bit binary out Electronic Counter
\ O

__._4 HP 98133A
HP 9815A Calculator

HP-1B Any instrument having HP-{B capa-
bility. No special wiring is needed.

HP 98135A

Special Interface Applications
78)3
General I/O Interface

The HP 98134A Interface is a general-purpose card providing an 8-bit parallel, character-
serial interface. The interface transfers datain a “half-duplex” fashion; that is, it can input and
output data, but not both at the same time. Buffer-storage for each character is provided,
and all lines are compatible with standard TTL levels.

The control sequences provided with the General 1/O Interface include:- formatted output
and free-field data input (standard ASCII coding is used), binary input and output, binary
logic operations, formatted program listing, and high-speed program input and output.

BCD Interface

The HP 98133A BCD Interface allows the calculator to take samples and input data reading
from one of many instruments having a parallel, binary-coded-decimal (BCD) output. The
interface can input data of up to eight BCD digits, and also 8 bits of function, sign, overload,
and logic-sense information. Separate 8-bit binary output lines are also available for control-
ling function, range, etc. on the measurement device.

The control sequences available with the BCD interface are formatted single-sample or split-
sample input, two high-speed (burst) sample inputs, and binary output for setting range,
function, mode, etc. on the external device. The binary output lines could alternately be used
to control a second device. The calculator can input data at the rate of up to 1000 samples per
second using a high-speed input instruction.



Vi

HP-Interface Bus

The HP 98135A HP-IB Interface permits your caliculator to be a controller or the system
controller of up to 14 other instruments via the standard HP-IB instrumentation bus. The
HP-IB interface is completely prewired, and can be used with any instruments having HP-IB
compatibility.

The HP-IB employs a 16-line bus; each instrument on the bus is connected in parallel to all 16
lines. Eight of the lines are used to transmit data and the remaining eight are used for timing
and control.

Data is transmitted on the HP-IB as a series of 8-bit characters. Normally, a 7-bit ASCII code
is used; the eighth (parity) bit is ignored by the calculator. Data is transferred by means of an
interlocked “handshake” technique. This sequence permits asynchronous communication
over a wide range of data rates.

For more information on the peripheral devices or interfaces shown on these pages, contact
the nearest HP sales and service office.

Prerecorded Programs

Tape cartridges containing programmed solutions to problems from many disciplines are
available. A utility program cartridge is supplied with each calculator. For a complete list of
prerecorded programs and for pricing information, contact any HP sales office (addresses are
provided in Appendix 2).

Keyboard Magazine

Keyboard is a periodical magazine containing general information about HP calculators and
related equipment. Itincludes articles and programs written by calculator users, descriptions
of the latest equipment and prerecorded programs, programming tips, and many other items
of general interest to calculator users.

To receive your free subscription to Keyboard, merely complete the order form supplied with
the calculator.



Keyboard

Keyboard

Pages 1 - 4 are missing



Keyboard 5

For a problem having two numbers and one —
arithmetic operation, key in the first number | L __ | ) | 18,
and saveitinY by pressing‘; then key aEsaes elc) Ol o =
in the second number and follow it with the E}J@ @;E @ OO Bl @@J El
operator key (+, —, X, or +). The resultis leftin ggggg g 8%% 8 gg )
X. LQ@@@@ ® OQ =D B& =~

)

For example, to add 12 and 3:

Press Result

2 ()3 ()

)
l_|“
g
g

____/

The calculator does simple arithmetic for you like this:

e |t adds the last number keyéa\'rn to the last number saved. (Y + X — X)

* It subtracts the last number keyed 'i'ﬁ.from the last number saved. (Y — X = X)
e |t multiplies the last number keyed in by the last number saved. (Y ¥ X —X)

* [tdivides the last number saved by the last number keyed in. (Y/X — X)

Serial Arithmetic

A serial calculation is a series of arithmetic operations linked together into one problem. For
example: ’

(((Bx5)—3)+86)+7=9

This problem is easily solved by keying in the numbers and operations from left to right:

~—
.

o~ ~
S|
™~
SN

s Com)s ()

|\| |

.

.
gy
-
=~
S|

.
) —
S|

.
"~ —
)

w
MY MY M) (O
i
=2
g
. J

As shown, only the first number must be saved by pressing. Then each number
keyed in after an operator key is automatically ENTERED (saved) for you.
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Last X

The last number keyed in before an operator key is pressed is automatically stored for you in
a location called “Last X". You can recall and use that number by simply pressing

- ()

Recalling Last X also performs an automatic ENTER, just like keying in a number after an
arithmetic key. Last X is not cleared by or @ .

As a simple problem using Last X, multiply each of these numbers by .05:

12 82 45

12
=3

1
12 () 08 (3) [
o 0 () () L

LAST X

s B (o) () (

LAST X

-
gy
.

-~
Py

-

The Operational Stack

The four working registers look like this #
X is always displayed and can be printed.

(lost)
¢ To clear the stack, press . To clear only X, press @ t ?: T

* Keyed-in numbers go into X. To duplicate X into Y, press z /’Z

.This also moves the Y-value to Z and the Z-value to T i )Y(

(the T-value is lost).

t T
z \ Z
* Pressing an arithmetic key places the result in X and drops the y Y
X % X
. - T X.
other values down. The former X-value goes to LAS LAST X

* An automatic ENTER occurs when a number is keyed in following any operator key except

« Tolist the numbers in the stack, press [l .
¢ To move the numbers around in the stack:

t/(1l'08t) t T t T
)z~ Y~ Y 2, ~7 2~z
;/$ @X><:X @y Y @y Y

X X X X X X




The operations described thus far have used
only the bottom half of the stack (X and
Y). you simply put the numbers into place,
press the required function key, and the result
is leftin X. Now let's look at the complete stack
and its control keys.

The four working registers are arranged in a
“stack”, with the X (displayed) register at the
bottom:

You've already seen that each number keyed

in goes into X. When you press the

number is duplicated in Y. As shown here,
pressingalso moves the number from
Y to Z and moves the number from Z to T (the
number in T is lost).

When an arithmetic key is pressed the result is
placed in X and the remaining numbers in the
stack drop down. The number formerly in X
goes to LAST X.

Keyboard 7

e — =

55808
PEO®®
afalololo
DPPPD
ORPD

®@-O-®-O®
@@@@@

BEEE:
DEEEE

\

For example, follow the stack contents as we solve: 15/(7 — 4) = ?

Press

8 o)

Stack contents at each step

X <N
OO

XK <N =
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®

K< N — X< N~

X< N

o oo

Notice that we entered numbers just as they appear in this problem.

Automatic Enter

As explained earlier, an automatic ENTER is done on each number keyed in directly after an

arithmetic key. This always occurs except when the number follows , @ or.
Also, any operation which places a number in X (e.g., (il @ or @ ) causes an

LAST x

automatic ENTER. This feature allows you to easily work serial, chain, and mixed-chain calcu-
lations. For example, notice how the automatic ENTER is used in the following problems.

Solve: (4 x5)/(2+3)—-6="7

‘G

X<N=-

X~<MN-H

20



JO

Now solve: (12X 5)+ (11X 4)+ (10x 3) =7

12 ((owms )5 (x)
NEILHOIO,
HEIDHOIO

Here are the other stack control keys:

@ Exchanges the number in X and Y, without
affecting Z or T.

@ Rolls each number in the stack down to the
next register.

@Rolls each number in the stack up to the
next register.

STACK

[ ] Lists the contents of the stack.

Keyboard 9

T
Z 20
Y 20 2
X 2 2
1 auto ENTER
T
Z 20
Y. 2 20
X 3 5
T
b4
Y
X 4
T
Z
Y 4
X 6 -2
T auto ENTER
_ — )
5t 115t
O e
7
— - - '
IR EN) IR
[ N NN
o
=Tl )
(e i tid
o’
y Y
X X
t T
Y/ Z
y Y
X X
t T
Y/ Z
y Y
X X
(M g, aa
@) 164, 88
49 18,80
PR

X)

Wy
Bl
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Number Formats

FIX
When the calculator is switched on, the FIX format is automatically set, with a two-digit

fraction shown. To set another FIX format, press i @ (n) ; ncan be any number-entry
key and specifies the number of decimal places. When a number is too large for the
currently-set FIX format, the SCI format is used.

SCI

Numbers expressed in standard scientific notation appear as a base number multiplied by a

power of 10 (exponent). To seta SClformat, press @i @ (n) ; n specifies the number
of decimal places shown.

SCI 3

When a SCI 3 format is set, each number appears in scientific notation, but with an exponent

SCI 3

which is a multiple of three (e.g., 3, 6, 9,...). To set a SCI 3 format, press @l @ (n) .
Regardless of the format in use, the least-significant digit of each number shown is always
rounded. This does not affectinternal calculations, but only displayed and printed numbers.

Printed and displayed numbers normally ap-

e
pear in a fixed decimal-point format called || _L ) O =B
“FIX 2". This means that each number is 588568 © 08 0o =
rounded to the nearest hundredth before it's PEe®®e @ 000 OE oo

; i QRZIYD 8 OO0 00 &
displayed or printed. The number format does PRI O OO0 00 &b .
not affect calculating accuracy, but only dis- QREDE ® GO0 o =e =

played and printed numbers.

Fixed Format

—

To set another fixed format, press (@l @ and any numeric key (0 through 9); the number
key indicates how many decimal places to display. For example to see 12.34567 in various

fixed formats:

(2 JILCC T
12.34567 [ e iy i
FIX ’_l —
@) o) o | i
v
\
- (T s T
-4 FIX 4 i e S il
Vv,
. FIX ’ )
T
.l@aﬁ Fix & ( g e B W O
W
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When a keyed-in number or result is too large for the currently-set format, a scientific format is
automatically used.

FiX
T B YN e IxIn i, 7
[ ] @ @ (1-234567“0‘)[ (o S350 i i )

exponent

But when a number is too small to be shown in the display, the format does not change. (Of
course, the number is still there!)

FiX
.00025 ( T )
FIX
[N RN
1010 | o.oooes )

Scientific Formats

Scientific notation is a shorthand way of expressing very large and very small numbers. It
uses a base number which is multiplied by a power of 10. For example 5,000,000 (five million)
could be written more easily as 5 x 108, and .00025 as 2.5 x 10 - 4.

Two different scientific formats are available: ‘“standard scientific” (SCI) and “scientific

S

three” (SC! 3). The standard scientific format is set by pressing (i @ and a number key
from 0 to 9. The number key indicates how many decimal places are shown. The SCI 3 format

sC1 3

is set by pressing (D @ and a number key. When SCI 3 is set, each number has an
exponent which is a multiple of three (e.g., 3, 6, 9, ...). Here are some examples:

sCl

500000 @B @ @ oo [
- o R
sCl -
.oooo15-@@ oo (
8C1 3
- () o { )

Remember that the number format affects only displayed and printed numbers - all internal
calculations are performed to 12 places, and up to 10 most-significant digits are shown.!

L

I

)

==

ss
~

(N

)
Lty

~‘
-_

75 )
03 )
55 )

~—
|

-l

-\
™

g
*~
N

-~
~
-
o
™~

l

N
[

L
L

J
~
D
'~
-
N
S
)

N
[

L

If you wish to actually round the number in X, use the ROUND function explained later.

'For more information see “‘Guard Digits" in Appendix 3.
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Number Storage

* 20 storage registers, named A through J and 000 through 009, are available when the
calculator is switched on. More (or less) numbered registers can be assigned when needed.
* To store the number from X into a register, press ('i%';fr) .
register

* To recall the number from a register to X, press ( name ) .

Each number recalled is automatically ENTERED, except after , , or @
* Toclear registers A through J, press .

* To do an arithmetic operation directly between X and a regis-

+
ter, use this sequence - register
g ’ X ( name )
The result is placed in the storage register and X is left un-
changed.
* To store or recall numbers indirectly:
Store X into register indicated by number in specified register: ('igﬁtgr)

Recall contents of register indicated by number in specified regis- ('egiS‘e’)

name
ter:

* To do indirect operations between X and a storage register,

use this sequence »

The operation is performed on the register indicated by the

number in the specified register. The result is placed in the

storage register and X is left unchanged.
» To delete register 000 through 009 and add 80 steps of prog-

ram memory, press @ -
» To assign more numbered storage registers, place the total

number of register needed into X and press #» [

register
("ogintery

X P+

The HP 9815A provides you with 20 storage ]

registers for holding constants or intermediate AL J‘_‘L 1=
results. Each register can hold one number e e a6 08 oo =
and is accessed by using the and @@ E® OO® O a&d En
keys, in conjunction with a key indicating the 888 88 2 g
register name: “A” through “J” and “000” oD ® (0 (= B =
through “009”. As explained later, more (or __ J

less) data registers can easily be assigned
when they are needed.



Clearing Data Registers
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All data registers are cleared (zeroed) when the calculator is switched on. To clear registers
A through J, without affecting anything else, press . To clear numbered registers,

either store O in each register or use the routine suggested on page 18.

Storage and Recall Examples

First clear all storage registers by switching the calculator off and back on. Then store the

constant 4.75 in A:

s
4.75 @ ( I

Now use the constant in this problem:
85x475="7

-
a
(U
ey
Ny

I\
=

8.5 @@ ( H

)

The example shows that the current number in X is automatically ENTERED (saved in Y) when

a number is recalled.

When specifying numbered storage registers, key in the significant digits of the register
name, followed by either a non-numeric key or @ Or, you can key in the entire three-digit

name. Here are more examples.

NOTE
The error message “ILLEGAL ADDRESS” appears when a
register number which is not assigned is specified.

First, store another constant (3.66) in register 009:

PN
=

1
=

!

5.0 () (). [

.
N
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Now use both stored constants (4.75 — A and 3.66 — register 9) to solve:

8x366 _o
475 '

8 o) (0) ()
e 0 () |

~
[N
L
(O]
SO
.
=
(]
P
NN

i~

"~
L
-
=
L

NOTE
if the or key is followed directly by an operator
key, the calculator will automatically use register 000. To
cancel a STORE or RECALL operation which hasn’t been

completed, press .

Register Arithmetic

Arithmetic operations can be done directly between the number in X and a storage register.
The result is placed in the storage register while the number in X is left unchanged. Here is

the general key sequence:
+

- register
STORE x ( name )
For example, first store 8 in register C:

a@

,_\

D
|
.

gy
SO
[ g’
|

and then increment it by 2:

d<jOa (
@ (confirms that C equals 10) L

=
[N}
[y
S|
12
S|

S

-,
[y
|
[y
J
[y
S
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Now, subtract 4 from C:
elols | s

@ (confirms that C now equals 6) [

=
.
2
'~

P -
M
™ -~
23
1™ ~—
23

Indirect Storage and Recall

You can do store and recall operations indirectly by specifying a register name which con-
tains the number of the actual register to be used. These operations are performed just like
direct store and recall, except that is pressed before the intermediate register is
specified. Here are the general key sequences:

@ . [reglster Stores X into the register indicated by the number
name in the specified register.
. . (reglster Recalls the contents of the register indicated by
name the number in the specified register.

For example, first store 3 in register B:

)

L
17
SN
Dy
S

S

s () () {

Now indirectly store 25 in register 003:

25 &

Now clear X and verify the contents of register 003:
=) | | 0.
© ———

,_\
-
Ly
X
U
.
gy
-2
gy
I
—/

™ -
gy
™ —
Uiy

=

I
e
i
gy
|
™
23

—/

NOTE
The absolute integer value in the intermediate register is
used as the indirect register number; so the sign and any
fractional part of the value are ignored.
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Indirect Register Arithmetic

The register arithmetic and indirect storage operations just described can be combined.
Here is the general key sequence:
+

§ C e, )
name
X

In each case, the arithmetic operation is performed on X and the contents of the register
indicated by the number in the register named. The result is placed in the storage register
and X is left unchanged.

For example, to add 2 to the register indicated by the number in register E:

IC[OC]a L
And to subtract 6 from the register indicated by the number in register 003:
@HOBOO [ 550 )

As with the indirect storage operations, you'll probably find indirect register arithmetic most
often used in programs, to increment either data values or event counters.

.

(K
™ —
123
" —
Dy

g
.

Additional Data Storage

When you require more than the 10 numbered storage registers available when the calculator
is switched on, you can easily assign up to 58 numbered registers.! This is done by assigning
more of the program memory as data storage.

Step 0000
When the calculator is switched on, it automat-
ically assigns 80 program steps for data stor-
age and indentifies the area as registers 000
through 009. Here is a simplified sketch of that F;’tg?argr;
memory §
Step 0391 J
Reg 009 } data
Reg 000 storage

'Up to 250 numbered registers (000 through 249) can be assigned when option 001 is installed.



If you need, say, 25 more numbered registers
(i.e., 35in all), they can be assigned by press-

ing:
35 @D

Here's the new memory configuration #
Notice that the program memory lost 8 steps
for each data register assigned.

Additional storage registers remain assigned
until you either change the assignment or
switch the calculator off. For example, if most
of those additional registers were no longer
needed and you wished to load a program re-
quiring most of the memory, you could change
the assignment to, say, 5 numbered registers
(you still have registers A through J) by press-

ing:
5 @D

Notice that registers 005 through 034 are de-
leted and the memory gains 240 steps, but the
contents of registers 000 through 004 remain
unchanged.

Step 0000

Step 0191

Reg 034

Reg. 000

Step 0000

Step 0431

Reg. 004
Reg. 000

Keyboard 17

program

o
storage

data
storage

If there is not enough program memory available to accept any given register assignment,

the printer will indicate “MEMORY OVERFLOW'’ and the assignment will be ignored.
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Clearing Numbered Registers

The last example hints at an easy way to clear a block of numbered storage registers: first
delete the block of registers to be cleared; then reassign them.

For example, assume that 25 registers are assigned and you wish to clear registers 010
through 024. Press this sequence:

N ] (Assign registers 000 through 009)
25 @D (Assign registers 000 through 024)

Now registers 010 through 024 are clear, while the data in registers 000 through 009 remain

unchanged!
Scientific Functions

In addition to four-function arithmetic, there — —
are 24 scientific functions on the keyboard. All | L | =]
of these functions are grouped into one key- EEeos 56 5 ] -
block, as shown on the right. Most functions Poo=s 6 0060 OO ol B
operate on the current number in the ggggg % 8%8 8 ;S )
X register. REOGS & (Ho = [Bali

L J

Each scientific function key has primary, secondary, and inverse functions. To perform the
primary function, merely press the appropriate key. To do the secondary function, prefix the

“%
appropriate key with @l (e.g., press @i to find the reciprocal of X). To use the inverse
function, prefix the key with () (e.g., pressing () takes the arc cosine of X).

Angular Units

Operations involving angles, such as trig functions and angular conversions, can be done by
expressing the angles in any of three units: decimal degrees, radians, or metric grads (360
degrees = 27 radians = 400 grads). Degrees is automatically set when the calculator is
switched on.



Here's how to specify the desired units:

[ ] @ to specify radians.

(] @ to specify grads.

@B (1 ) tospecify degrees.

Trigonometric Functions

Keyboard 19

The trig functions are summarized in the next table. You are invited to familiarize yourself with
the functions by working the example problems which follow.

Function1 Keys Resuit

Sine Sine X > X

Arc sine ) Arc sine X — X (principal value)
Cosine Cosine X — X

Arc cosine () Arc cosine X — X (principal value)
Tangent () Tangent X — X

Arc tangent ) Arc tangent X — X (principal value)

'Be sure to set the desired units before working any trig problems.

Find the sine of 30° .

After switching the calculator on, press:

30 (o)

Now find the arc cosine of -1, in radians:

[ ] @ (set radians units)

O ®

Find the area of this right triangle #»

b
Since: Area = -32—

We can use the formula;

and b=

a

a2

= 2tan @

[ ] @ (set degrees units)

JE[0

35 Gm) 2 (x)

®

tan 6

2tan 6

L
L
J

e’
—

It

-~
—
'ﬁ

a

-
J
-

-~

\
U
=

-~
.

|
ol
[y
|

Area

.|

-
U}

|
=
LT
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Logs and Exponential Functions

Function Keys Resuits
Natural Log (log ¢) () InX— X
Natural Antilog (e ) ) () ex— X
Common Log (log1e) log X — X
Common Antilog (10%) ) 10 > X
Exponential (Y *) - @ Y - X*

*The number in Y is lost after the operation.

Display the constant e to nine places.

FIX

- () (o)

1))

—
-
[N}
. —
-~
——
T
RN
] {
|
i~
17
-~
=
127
-
[}
-
133

Now find V32 using natural logs:

,
I g B o o
32 (@) (wms ) | 3.455735303 )
( -
[ B NN R BN A
5 [ S e S A B R O O A |
\,

’
1 IRt in
@@ [ AN B N Y

If you invest $1000 at a 10% interest rate per period, how much would you have after six
periods? Using the Y * function, evaluate the following:

Periods

principal x (1 + interest rate) = 1000 X (1.10)® = ?

FIX

_slo

¥ - —
° @B () ao | (17

[ I iy Y B g
1000 @ {principal & interest) [ P A e J
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More Functions of X

As with the trig and log functions, each of these functions places the result in the
X register.

Function Keys Result

X

Square root | @D VX — X
‘é

Reciprocal | (B 1/X = X

INT

Integer - Integer X — X
Round - Y rounded to X places — X*
Pi [ @ 3.14159265360 — X

*The original numbers in X & Y are lost after this operation.

What size square has the same area as a circle whose radius is 3? (Hint: the square root
of a circle’s area gives the side of a square having an equivalent area.)

..
n
—
_
(M
.
™ —
gy
™ -
gy

JEIBIO
__IOIO

3
3
~
~.
[} 14
I~
Ry
~
) (]
~
\ w

—— N
- s ( 5.4
- s ]
Calculate ﬁ and display the result to four places.
5 1
FIX
(<)
& szl )
i/ LG 2Ly
s @ | )

“ = N I )
' @ () A 0. 3425

“
@ ()
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Round 5840 to the nearest 100 (102).

5840 2-&]

Now round the answer to 104.

_
LTy
il
A —
DOy
™
Ul
™ —
gy
.
™
3
™
gy
gy
=3
™ -
U]

-
™ —
S
gy
L
[y
S|
=
S|
==
Jd
==
|
==
d
gy
Jd
N/

T 1o L

To round a fractional value, enter a negative number into X. For instance, round 5.5555
to the nearest thousandth (10 - 3).

I g g
RND T e
el o ( 5.5550

Now find the integer portion of the result.

INT -
- TAN .

The INTEGER function can also be used with negative numbers.

5.5-@ [ -5.

_
a
-

=

-

-

S
=
S |
"‘
S|

‘

1
™
123
™ -~
gy
™
gy
™ .
23

Conversions

Keyboard functions are available to convert rectangular (x,y) coordinates to their equivalent
polar form (r = magnitude, 6 = angle). Another conversion function allows you to convert
decimal angles to degrees, minutes and seconds. Each function is listed on the next page.
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Function Input Values Keys Results
Polar — Rectangular r—X (=) x coordinate— X
0> Y y coordinate —» Y
Rectangular — Polar x coordinate — X (") =0 r—X (magnitude)
y coordinate — Y 6 — Y (angle)'
Decimal Angle - D.MS? | Decimal 62 — X - G- D.MS*> X
DMS — Decimal Angle D.MS? — X - =) Decimal § — X!

1Angles are entered or returned in currently-set units.
ZAngle is entered in currently-set units; the result is in degrees.

3The format is DDDDD.MMSS, where D = degrees, M = minutes and S = seconds. An error message results for decimal ahgles
above 99999.99999 decimal degrees (or equivelent in radians or grads) or 99999.59599 in D.MS format.

Convert the rectangular coordinates 4, 3 (x,y)
to polar form, with the angle expressed in
degrees.

[ ] @ (set degrees)

FIX
[ ] @ @ (set FIX 2 format)

8 = tan -~ ' (y/x)

YE ol

r (magnitude)

[

©

8 (angle)

Convert the polar coordinates r = 8, § = 120°
to rectangular form.

Y
y r = x/cos 8
i 43
a ___________
!
|
2 |
<
|
1 !
0 |
¢ ! —>» X
0 1 2 3 4
=
e
Jo 07
[ PR NN I ]
Y
XY A
- — =~ X =rcos 8
| .
I r=8 y=rsing
l
|
I
| \e='120°
-X € ! \ > X

x coordinate

120 () D {

©

y coordinate [
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Convert 7/, radians to degrees, minutes and seconds form.

[ ] @ (set radians)

OO [ 5.495 ]
)
+D.MS

@ ) 25° 42" 517 ( e e J

Notice that the “FIX 4" format is automatically set to display the D.MS form.

Now add these two angles: 15° 10’ 47" and 7° 49’ 33". They must first be converted to
decimal degrees before adding, and then converting back to D.MS form.

[ ] @ (set degrees)

D.M$+> a ™\

15.1047 @ () RS i Y
\. - - J
D.MS > r N\

b B B i |

7.4933 @ (=) LRSS R
\. —’
( N

i . I

@ (decimal degrees) I R I A i
. -
—— f = EIsi=IE )
- @ (23° 00’ 20”) O e - )

Complex Arithmetic

The (%¢+) key allows you to work complex arithmetic using two variables. The (4] key
operates using (simultaneously) register sets X & | and Y & J. Here are the functions:

Function Keys Results
Accumulate + (sec+) I+ X—>|
‘ J+Y->J
Accumulate — () (sees) I —X—|
J=-Y-=>J
Recall Total feon) () |- X foeare
J— Y ENTERED)
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Solve this example problem:
(2x + 3y) + (4x + 5y) — (3x —6Y)

PRINTER

OFF ’:: L. Ef H '? 'J
St w FIv
(registers | & J must be initially cleared) EHTERT
2.808

- @ HEO+
3 2 (wc+) (store first term) EHTERT A
5 4 (xc+) (add second term) ACC+ L

1,

0
3% ]
[xx]

£

6 3@@(addthirdterm) EHNTERT B
R0~
@@ B OACCH+
FRIMT
S 0 G T
FEINT
y) 14.51{1

Statistical Functions

Two important stat functions are available on the keyboard. They use storage registers C,
D, and E; so be sure to clear the registers before doing a stat operation.

Function Keys Results
Summation (=) X+C—->C
X2+D->D

number of entries -E

Delete Entry () () C-X->C
D-X2-»D

number of entries —1 = E
X

Basic Stat e =) mean (X) — X
std. deviation (g)—> Y
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Find the average (mean) of these 10 numbers: CLER=
62 84 47 58 68 60 62 59 71 73 SR ~Z2. 88
U
m:nzn 25‘4: {'!Ei
Set “E UM+
Sg5. 68
S
62 (=) 84 (=) / A0, 84
47 () 58 (37) allrE .
‘ t’;‘_ja "Bg
68 (=) 60 () SlM+
62 (=) 59 (=) SHH+
71 (=) 73 (5) o _ 27.8d
SHM+
Xo ]
- ¢! 1 & ﬁ@
- ) - &Um+ ,
— ' .08
aude
MHLED
FRINT
mean (x) 64: ‘1‘!‘3 ;
wey
ERINT ,
standard ’ 1{.{ : 1;:,

deviation (o)

Since we have not cleared the storage registers yet, we can add more data items, say 49
and 73, and find the new mean.

a9 () 7.
X0
- @ (new mean) [

(R
™ —
127
)

LIt
)

Ly

./

That new mean seems too low; let's check the total number of entries.

@ (n is correct) ( ,’,_:’ . L j

Oops! That last entry should have been 73, not 7. Now delete the wrong entry, add the
correct one, and compute basic stat again.

7))
73 (=)

-
.

-
|

~
e

™
U]
R
™ —
1
U]

) S

2.
[ ] @d (correct mean) [
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2

Printer Control

The preceding section showed you how the built-in printer complements the display, allowing
you to record the current number in X by pressing . Here’s a brief review of all the printer

functions already described:

Printer Functions

Function Keys Resuit For more
details see:
Print X Print number in X.
[ ] (n) Numbers appear in FIXED (n) decimal point
format .
Rl
Set printer (and [ ] @ (n) Standard scientific format is set. page 10
display) format
[ ] @ (n) Special scientific format is set.
Print stack - Print contents of the stack. page 9
Print all mg Print each keyboard operation. page 119
Error messages — Automatic printout of keyboard errors and (inside back
status conditions. cover)

In addition to all of those functions, the printer gives you alphanumeric capability and valu-
able programming aids. Each of the programing functions is described further in Section 3.

Additional Printer Functions

messages

Print a number within the alpha
message

Program entry

List program

PRINTER

OFF

AL
NOAM

(uer)

Function Operation Result
Print alphanumeric labels and CALLY) (AL alpha Alpha message printed.
p e ) @) | Al gep

Number in X included

in alpha message.

List program steps as

they are keyed in.

List program memory.
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Manual Paper Advance

Use the thumb wheel next to the printer to manually advance the printer paper. Paper
advance is also controlled when printing alpha, as explained next, and by a programmable
instruction called SPACE.

Printer Paper

Three rolls of thermal printing paper are supplied with each calculator. The message “OUT
OF PAPER" appears just before the printer runs out of paper. To load another roll just remove
the old paper core and then follow the diagram under the calculator top-cover. A complete
procedure is in Appendix 2.

Printing Alpha

The Key

The Alpha mode is accessed by using the key. This key is also used to access control of
external devices, such as a plotter. As shown on the key, pressing once “calls” an
external device, while pressing the key twice sets the Alpha mode.

After has been pressed, the word “ALPHA” in the display indicates that the mode is
set (the numbers in the stack are not altered). Now press the required keys to form the alpha
message; the available alpha characters and their corresponding keys are shown below.
After the last alpha character is keyed in, terminate the mode and print the message by
pressing again. If your message is longer than 15 characters, the line will be printed
automatically as the 16th character is keyed in.

O O e@® m
’ SHIFT

DO @ w20

OEO 00

DEmOO 01080 @_@A:::ﬁ

© 0 ® O 0O ol

Alpha Mode Keyboard



For example, to print the alphabet:

Press

EE (D) eee L :

X Y rs

AECTEFGHI JELMHOP
GRETUYHRYZ

Notice that the first line was printed automatically as the 16th character (P) was keyed in.

Alpha Control Keys

These contol keys are available when the Alpha mode is set:

prints all preceding characters and advances the paper one line. Successive NEW
LINE instructions advance the paper, one line at a time.

Inserts a blank character space in the message.

NOTE
and are not alpha control keys. Pressing either

key inserts a blank character space in a keyboard alpha
message.

@@ Shifts the keys (+ ) through (* ) to their alternate European characters. To reset the
primary characters, press @l again. The other alpha keys are not affected by the [l key.

Prints the current number in X within the alpha message. The number appears right-

justified on the line (unless alpha characters follow the number) and in the current number
format.

For example, suppose you wish to label and print these three numbers as they appear in the
stack:

Z 12.00 (N)
Y 123.45 (s)
X 1,234.56 (Total)

Printer 29

b

[t
———

[}
——
b
——
O
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Press

(place “N™ in X)
O H=

(place “S" in X)
(replace “total” in X)

CALL - CALL -
) @) () @) ()
T T

CALL *
() @ () 0 (w) @
= $

Notice that each number appears right-justified on the line, and that the Alpha mode must be

¥
3

orith
Ty
"
.
*
o
Paanki’

i
1

¥
ey
£

Tad
PR §
i

e
L
i
e
o
I
Ay
pEve
falr
£
R
0 1§
¥

terminated before the numbers in the stack can be moved.

The number will always appear on the same
line as the message provided that there is
space for it. When the space is too small, how-
ever, the entire number is printed on the next

i
o
o
e
H
b

line. Here is how the last line of the previous
example would appear using a larger number

i
LR )
i
{1
R

[
b

Alpha characters can also appear on both sides of the printed number, as shown in the next
example. In this case, notice that both the number and the characters following it appear
right-justified on the same line.

To print “LENGTH = 2.54CM,",

2.54 () ()

LEMGTH = z.540H
D@ EED D
() 2 () O O @
But when the number becomes too long to fit
in the space available, first the trailing charac- :
. ; LEMGTH =1234.580
ter(s) are printed on the next line » .ﬁ
And finally the number and its trailing charac- LEHCTH =
ters all appear on the next line #  izid &L TECH

You'll find more examples using printer alpha in Sections 3 and 4.
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Cancelling the Alpha Mode

If you make an error while doing a keyboard alpha message, the Alpha mode can be cancei-
led without printing the message by switching the mode switch to PRGM and back to RUN.
This operation does not affect the numbers in the stack or the program memory.
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3

Programming

Introduction

Up until now, this manual has shown how the HP 9815A works for you from the keyboard: you
enter numbers and press operator keys — the calculator does each operation instantly and
leaves the result in the display. But you also have a more powerful feature than is available on
most calculators: complete programmability!

Simply stated, programmability means that you can enter each of those key sequences that
you've been doing from the keyboard as program instructions in the memory. Then tell the
calculator to run them for you whenever you wish. So each key sequence need be pressed
only once and the calculator will do it from then on.

Complete programmability means that every key sequence previously described can be
programmed. It also means that there is a full set of program-control functions, such as: sub-
routine branching and labelling, “IF" instructions for making computed decisions, and FOR-
NEXT instructions for repeating program segments automatically.

The program-control functions are grouped
into one area of the keyboard, as shown on the

[

’
—
(.
k

right. The functions shown below keys (+ ) 508 08 o -
through ((° ) are automatically available when ® 0O 06 & & =
the mode switch is set to PRGM. Al of th & OO 00 @&
witch is set to PRG ot.c.>se D 000 00 Hb .
keys are programmable except for the editing @ L0 o Be*

\

keys: L
(o) Core) @) (O ) ()

MEMORY  DELETE INSERT
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Program Memory

The basic program memory contains 472 steps, numbered from 0000 through 0471. Each
step holds one program instruction consisting of either a smgle keystroke (e.g., @

(s»)) or a combined key sequence (e.g., ' ). 6D @ ). Appropriate key sequences
are combined automatically as you enter the program. In some cases, combined key sequ-

FIX

ences cannot be stored into one step (e.g., [l @ , @ @ ), SO an additional

step is used. Examples of this appear in the first example program.

Step 0000
As shown on the right, part of the program
memory is assigned to data storage when the
calculator is switched on. If you wish to assign
those bottom 80 steps to program storage, the [ ZZE?JSZ’
10 data registers can be deleted by pressing
@ [ . For more details see “Addi-
tional Data Storage” in Section 1. Step 0391 J
Reg 009 } data
Reg 000 storage

The basic memory can be expanded to 2008 program steps by ordering calculator option 001.
This option is normally installed at the factory. If you wish to have it installed at a later date,
however, contact an HP Sales and Service office for details.

Clearing the Memory

It's recommended that you clear the program memory before entering each new program. To
erase the program memory, without altering existing data storage or the stack, switch to the
Program mode and press () ((* ). To clear the entire calculator memory (program and data

MEMORY  DELETE

storage), switch the calculator off.

Here is a quick preview of the general program controls and keys to be described next:
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Program Controls

RUN
::'.'.?.Q Set to enter program steps. The display format is:
PRGM
[:::r_:‘::‘u‘u‘: n:_:‘:::]
5o Lt [
current step address steps to end of memory
PRINTER
:: Set to list each step as it's entered.
NORM
Program Aninternal mechanism controlling the current step displayed, printed, or
Counter executed.
step Pr r indi . Programmed
(address ess to set the program counter to the indicated address. Prog e

GOTO instructions send program control to the indicated step address.

Press to set the program counter to step 0000. When executed in a
program, END also halts the program, and clears all program flags and
subroutine nesting levels.

Press to start or stop program execution. When programmed, this in-
struction halts the program.

Press to print a list of program steps from the current step address to an
END instruction.

Use to stop the program for about ¥ second and display the current
number in X.

PAUSE

Use to advance the printer paper.

SPACE

8

A No OPeration instruction is used to provide a blank area in the prog-
ram for later use. The entire program memory is filled with NOP's when
the calculator is switched on or the memory is erased.

NOP

The Program Counter

The program counter is an internal mechanism that determines which program step is dis-
played, printed, or executed. Many programming keys and instructions control the operation
of the counter, allowing you to enter, edit, run, and record programs.
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The program counter can be set to any desired step when the Run mode is set by pressing
and the number (or “address”). As when specifying numeric register names, you need
not key in the entire address, just key in the significant digits and follow it with a non-numeric
key or @ For example, to set the program counter to step 0025:

RUN
Set M
PROM current step address

-

=

|
-

. o
Press either 25 @ or 0025 [ R N N

RUN
Now set ,‘,":,:’,g

The display indicates the current step address and the number of steps available for prog-

ramming to the end of memory. This latter number reflects any steps assigned to data storage
or a peripheral interface.!

NN NN
! [

steps to end of program memory

To manually move the counter forward or back while you are entering a program, press or
@& . The counter advances automatically as you enter program steps.

The program counter is automatically set to step 0000 whenever you either press (in the
Run mode), or switch the calculator on, or erase the program memory.

Entering a Program

The general procedure to enter a program is:

1. Set A‘i’.&ﬁ and press (beginning step address). When the first step is to be step

0000, you can press instead of using (e} .

PRINTER
OFF RUN
2. Set AL Q Jyro Q
NORM PRAGM

3. As each step is entered, the printer lists the step and the program counter increments
to the next step address.

4. The last step of each program should be END.

'A small portion of the program memory is automatically assigned to each interface plugged in when the calculator is switched on.
See each interface operating manual for details.



Programming 37

Printout During Program Entry

The printer automatically lists each step ad-
dress and instruction when its switch is set to

. . . pole 2
NORM. A portion of a program listing, which BE1S EMTER®
calculates 2 + 5 and prints the result, is shown ORZE 5
on the right. When the Program mode is set, AE21 o+
Bazz PREINT

the printer also lists each step as the counter is
advanced with .

To list any portion of a program, set the program counter to the first step and press . To
stop the listing, press . The listing stops automatically after an END instruction is printed.

Display During Program Entry

As you enter a program, the display normally
shows you the current (program counter) step
address and the number of steps still available

for programming » [

~-
[y’

|

™ —

g I

™ -
U

-

7y
)
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™

o M
~

2
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g
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1
{

But when you are entering a STORE or RECALL —
instruction, the display looks like this » (

\
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|

|
gy
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Dy
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=
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1™ -~
S

|
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gy
SN |
[y
L

A numbered register name appears on the right as it's keyed in. Other special displays appear
when branching instructions are being entered; see “Branching” and “Labels".

Running a Program

After the program has been entered:

1. Set s‘r“l.%ﬁ

2. Set the program counter to the first step of the program.

3. Press Display [ ________________ )

The program now runs automatically until it encounters either a STOP instruction (e.g., to wait
for keyboard entries) or an END. While the program is running, the display appears as shown
above, unless PAUSE instructions are used to display the current number in X. To manually

stop the program, press .
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Example Programs

First let’s enter and run a simple program to count by two.

To find the key sequence needed to count by two from the keyboard:

r

() (2) (ot ) ( ey )
() ( )

-
-
Z
Iy
|
J

™
(g
>
g

~‘
S|
=

L

— J
r _ - N
I i
=) ()
\. J
f oo
o« it
S _J)
[ ] [ J
° °
° °

It looks like we can key in the basic sequence once and have the calculator repeat it by using
a GOTO instruction (more uses for GOTO are described later). Also, let's set the number
format to “FIX 0" and add two PAUSE instructions so we can view each result.

Here's how to enter the program:

Set sﬁi’&ﬁ and press to set the counter to step 0000.

PRGM

PRINTER
RUN OFF
AUTO
Set o au
PRGM NORM

Press

® (o ) oEEE FIX &
| . @BEz CLERR
2 ENTER 4 2 Eﬂafj’;."‘ 3 - o :
Come )2 ()  BBB4 EMTERT
ERERICID . Gege v
BEET PRUSE
 BBBE PAUSE

Look at the listing and decide which step the program should return, in order to repeat the
counting sequence. Then enter that step address to complete the GOTOQ instruction:
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O

To see if the program runs:

r

-
S

Since the END instruction is not executed in \
this program, the program will run until you -
stop it. H

-

-_
[y
.

1
I
— ) U

If the program did not run correctly, first check it by listing it:

LIST

If your listing does not compare with this one $
enter the program again.

There are four basic steps in creating a program:
1. Define the problem (we wanted the calculator to count by two);

2. Decide how the problem is best solved (we tried the key sequence from the
keyboard);
3. Write out the steps for the program;

4. Enter the steps into the calculator memory.

Since our counting program was quite simple, we combined steps 3 and 4. But for most
programs, steps 2 through 4 will not be as easy. One method that will help you decide how the
problem is best solved is flowcharting. Once you have a solution, use the program pad
supplied with your calculator to write the program steps.
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Flowcharting

A flowchart is a diagram representing each program operation. Usually, each symbol in the
flowchart indicates one complete operation, rather than just one step or instruction.

Some general flowcharting symbols and their meanings are shown below.

Symbol

Meaning

The terminator represents the starting or ending point in a
program.

The notation within a function block indicates one portion
of the program.

Flowlines indicate the direction of flow in the chart.

The notation within a decision block indicates what com-
puted test is being made. One flowline enters the diamond
and two or three lines exit it. Two exit flowlines are usually
labeled “yes” or “no’!. The IF and FLAG instructions de-
scribed later are used for making computed tests.

When it's inconvenient to draw a flowline between two or
more points, connectors can be used. In this case, the “A”
connectors indicate that the lines going to and from them
are connected.

Here is a flowchart of the preceding example program:

=

SetFIX 0
Format

Clear Stack

Enter 2

Add 2

Display Result

!

Go to step 0005




Area of a Polygon
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Now let’'s write a program to compute the area of any regular polygon, given its number of

sides and length of a side. Use this equation:

P

A = %NL2 cotj%

¢ When: N = number of sides
)/ L = length of each side
_ 1
cotl = ano

Here's a flowchart and explanation showing one method to write the program:

1. Set desired number format. ( Start )
2. Set degrees units. 1
3. Clear X before number entries. Set Number
Format
4. Stop for number entries.
5. Print and store N.
Set DEGREES
6. PrintL.
7. Compute area.
. Clear X
8. Label and print answer.
9. Space paper so answer is above printer
window. STOP
Enter: ‘
N—> Y
L— X
Print and
Store N
Print L

Compute Area

Print Area

Space Paper
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Here's a list of the program steps written using the program pad:

HP 9815A PROGRAM FORM

O PROGRAM TITLE_ a Pace. b oF I ‘paces
< X ' Ma 1976 K. M
< MewoRY size Standard 472 steps oare Mar, 17,1976 procrammer_K, Mossey
2 . D Expawded 2008 steps ; ' e '
o  HPoEssA P 98TIA , . TOTAL REGISTERS sl ]
¥ ' Pioter  [Tlomer________ []Other . .
’ E PE“‘PHERA'-Q D(Usaa msteps)Dgumwum;j E] (Uses Bsieps)  (Uses BEtaps) ’
e ) E REMARKS ' REMARKS
5 , Space jor o, 'Faﬂma-f
T scf :ie.gfees
C

i*t’ﬁe"' "*’Y L*X ht.rc

prmi N amA L
s*iave N f

\ compote area

| DI HEWLETT PACKARD @

o o NOTE The fof!owing instrucﬁons require two program steps. All others require omy one step.

.+ Allstorage hstructions involving numbered registers ot indirect storage.
» All branch instructions; except computed branches S
»All display lormatting instructions.

e Any mstruction. begmmng with CALL ALPNA

8 Aﬂ laaels :




To enter the program, first erase the program memory.

PRINTER
RUN OFF
Set ;,"::,Q and .uD
PRGM NORM

Press
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r—ﬂ
X
=
I
3
3
gy
3

MEMORY  DELETE

nnnnj

Now-enter the instructions:

D (1)) ()
(2) () ) G () ()
EIBI0IOI0

HEHOEC )
SInlglol o
(:)ﬁﬂiﬂﬂtijﬁp(:j
(D (%) GO () B8 )

$SPACE

0O GO 00 ) (3) ()

SPACE  SPACE SPACE

RUN
et &
PRGM

0
e

HOF
HOF
DEGE
CLEAER
STOP

Bt 48
o

PRIMT
aTo

5

3 )

LEnd
Sth Lt

FRINT

iy
Sy

4

LR O el e

£
r

"
isagre
fis

"

EHTx

TR T e e e

FRINT
ElDa
SPACE
SFRACE
ZPALCE
SPRCE
GOTO
EHD

Sl R B e T b 0 00 Sl Oy e 0 TR e S0 0 e T T s G P D 00 T L S T e T

s

5 (50 R0 e O O TR0 0T S T SO I v AR S 0 S O R 0 O T R T fac S o B s B u8 v N e o B

R D R O T S O O T O AT S 0 S O 0 O D T O T Y T LR R O ST
B L G L 0 LU0 G PP PO B T P T D Tl b e it o i ot i ot et i O A T O S

5

ENTERT
i ,

bt 1
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To start the program:

e — )

Now enter values for N and L into Y and X,
respectively:

3
1

b
1

ELaE (N)

Pt
B

I
o

ey

AREH =

&)

The calculator is now ready to accept another set of values for N and L. Here are some
examples:

{ I XS
-
1%
Chy 5

o

A U0
u

e B

Poym
5

X
i
X

1

I

1
PEg Nk o)
p

4‘

,._
saade!
5]
e

i 51

DEN

ARER =

#
Joits

AFEAR =

i

The NOP instructions at steps 0000-0001 provide space for you to enter another number
format, if needed. For example, to enter a “FIX 5" instruction at step 0000,

Press

RUN
Set am Q
PRGM

Press
(=) (s
Set s:,‘i:iﬁ

Now list the program and note that the new instruction replaced the two NOPs.

E
5
Yo
oy |
T
i
e
a1

If your program does not run as shown here, first compare your program listing with the
sample shown. When you find the error, set the program counter to that step address, set the
Program mode, and re-enter the program from that point on. Later in this section “Editing
Programs” shows how to insert and delete program steps.
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Labels

¢ 115 label names are available for naming programs or subroutines; they are labels A through
O and labels 00 through 99. When keying in one-digit numeric labels, be sure to follow each
with either a non-numeric key or @

¢ Each label requires two program steps.

» Labels A through O are also used with special functions (see Section 5).

¢ If a branching instruction specifies a non-existent label name, “LABEL NOT FOUND" is
printed and the program is halted at the branching instruction.

* When the same label name appears more than once in the memory, any branch to the label
goes to the one closest to the beginning of the memory.

A label is a programmable aid used to name a location in the program memory. The label
instruction is entered immediately before the program segment to which it refers. Then the
program counter can be set to the label location by using any appropriate branching instruc-
tion, such as a GOTO.

Using labels provides a method of addressing program segments which is completely inde-
pendent of step addresses. So, when step addresses change due to program editing, label
addresses need not be changed.

A time-saving technique often used when entering and debugging programs is to use labels
wherever possible for branching. Then, as steps are inserted or deleted to complete the
program, the branching addresses stay valid even though step addresses change. Once the
program is running, the labels can be removed and the branching instructions can be
changed to use step addresses.

NOTE
Since labels A through O are also used for special function
names, it's recommended that they not be used in programs
where special functions are also in use. Otherwise, pressing
a special function key could start the program running at the
label location, rather than run the intended special func-
tions.

A label name is entered by pressing and the desired name. As when keying in numeric
register names, you need not key in the entire name (see below). Each label requires two
program steps.
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For exampile, if you are entering a program and wish to have “label 01" located at step 0050:

1@oro1 Ba49 o
aass LEL
~~12 &1

HESZ e
And to enter “label C” at step 150:

(e (Ce ) B149 e
@150 LBL

™
o i L

Aigz e

The dashed line is included with each label to help you find the label in a long program listing.

Here are two labelled segments at the end of a program; label 05 calculates (A x B)/(A + B)
and label 06 calculates .7071(X).

61868 LEL Bii1 LEL
--== @5 —=-= @6
Bi@2 ST0 B Bi1s ,
B183 Ry G114 7
aied 2TO A a11s @
B1E5 % G116 7
gloe RCL A B117 1
@167 RCL B Bi1g +
glas. 4 8119 FIn = 4
G189 + B1Z1 END
G118 HOF

Program execution can branch to either label 05 or label 06. If the program branches to label
05, however, both labels will be executed. For example, to have the program branch from step
0055 to label 05:

LA

e @) s () Ba54 e
BRSS GOTO  LAS
BESY e

Once the labelled segments are entered, you can also run them from the keyboard. To run

label 06 enter a value in X and press 6 .

If you wish to run label 05 without label 06, replace the NOP instruction at step 0110 with a
STOP instruction.
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Branching
An absolute branch sends program control to the specified ad- (adsc;‘fgss
dress or label.
label
( arve
A computed branch sends program control to the address or label @

indicated by the current number in X.

) ()

* Absolute branching instructions require two program steps.

* The entire step address or numeric label name need not be keyed in; just key in the signific-
ant digits, followed by @ or a non-numeric key.

» If a step address that exceeds the available program memory is specified, the program is
halted at the incorrect instruction and “ILLEGAL ADDRESS" is printed.

* Ifabranchis made to an unavailable step address the program will go to the previous step.

e If a non-numeric key is pressed directly after , a “GOTO 0000" instruction is au-
tomatically entered. To cancel an incompleted GOTQ instruction, press .

A branching instruction causes the program counter to go to a location other than the next
sequential step in memory. Program execution then continues at the new step.

Two kinds of branching instructions are available: absolute and computed. An absolute
branch causes the program to go to a fixed memory location (either a step number or a label
name). The first sample program in this chapter contained an absolute branch. The general
sequence for entering absolute branching instructions is:

t label
(adsd(:gss) or Cn?arr?e )

As when keying in numeric register names and numeric label names, you need not key in the
entire address; just key in the significant digits, followed by @ Or a non-numeric key.

A computed branch causes the program to go to a location indicated by the current number in
X. Depending upon the branching instruction, the absolute integer portion of the number in X
indicates either a step number or a numeric label name. The general sequence for entering
computed branching instructions is:

@) (x) or @) @ (x)
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For example, to branch from step 0031 to step 0100:

100 (-) or 0100

giga
And to branch from step 0050 to label A:
) @) () or (@w) () BE47 e
gEse GOTO A
BASE e

To branch from step 0150 to the step indicated by the current number in X:

&9 (%) B149 e
3156 GOTO
Ai51 e

And to branch from step 0300 to the numeric label indicated by the number in register A:

e () @) @) (=) B23E e
dE99 REol H
IBE GOTO L¥
G381l e

Notice that each absolute branching instruction uses two program steps, while each com-
puted branch uses only one.

When you are entering a GOTO instruction, the
display appears like this #

The branching address appears on the right as
it's keyed in.

.
(n(
g
U
|
I -
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I~
gy
y
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23

But when you are entering a “GOTO LABEL”
instruction, this display is shown § [
A numeric label name appears on the right as

it's keyed in.
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gy
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Here is a part of the “Calendar” program avail-
able on the Utility and Test Cartridge. The be-
ginning of the program requests a date (day,
month, year) and calculates a number between
0 and 6 which indicates the day of the week.
The number is placed in X after step 0148. This
sequence shows how a computed branch at
step 0149 is made to the label indicated by the
number in X.

If you wish to run the program, first insert the
Test Cartridge into the tape drive and press

Then press

H@WOE®

Now enter one or two-digit integers for the day,
month and year:

a(m)7 (m8) 76 (e

The program is now ready to calculate another
date.

gids e
Hid45 GQTO
pise LEL
——== G
Bl5s PEHTH
Hig4d 5
#1555 #H
Bi5sT
Bisy i
Ai&s R
ALE% D
gied A
Risl Y
Alo2 EWHD=
Bie3 GOTO
Aies EHDA
Hics LBL
et 5 B 1
Bia PREHTH
BIFE 5
gi71 U
Aiys H
ai7a I
Bivd H
alrs-y
G176 EMIe
BIFY GOTE
pivs-LEL
S
Bisl PRHT
Aiss M
Biad 0
AlasoH
Flos e
CRLENIAFR
piaaieiasd
IFy =
’:_‘}
MOHTH=?
YEAR=72
T
SUHDAY
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{ug
LSS
Hing
AR,
Hitee
b
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IF Instructions

* IF instructions make decisions using current numbers in the stack or program flags. If the
condition is “true”, the next program instruction is executed. But if the condition is “false”,
the next instruction is skipped.

* These IF instructions are available.

To enter: Press:

X <Y EBjER)

fX=Y @ @ ! The@key need not be pressed.
IfX =Y G ]

It X is + o (+)

IfXis — @@
X =0 (o )
If flag n is set ) (”)

If flag n is clear D (n)

¢ The three “IF X & Y" instructions compare the entire number in each register, including the
guard digits which are not displayed.

The IF instructions enable the calculator to make logical evaluations based on either the
currentnumbersin X (and Y) or the current state of program flags (flags are described later). If
the evaluation is “true”, the next program instruction is executed. But if the evaluation is
“false”, the next instruction is skipped.

The step following an IF usually contains a branching instruction, which creates a most power-
ful means of branching. For example, step 0026 in the following sequence is an IF instruction
which compares the numbersin X and Y. If the number in X is less than Y (result equals “true”)
step 0027 is executed. But if X is equal to or greater than Y, step 0027 is skipped.

Is yes
X <Y?

Print X

l

(go to 0051)



Eight IF instructions are available. They ask the questions:

Evaluation: Enter:
Is X less than Y? @ @ BEz2e IF
Is X equal to Y? @@ gaze IF
Is X greater than or equal to Y? @ @ Haze IF
Is X negative? @ @ B8es IF
Is X positive? @ @ Ades IF
Is X equal to 07 @@ HEes IF
Is Flag n set? @(”) B125 IF
Is Flag n clear? @(n) Blias IF
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uh

The@ key does not have to be pressed to enter the first three instructions shown above.

You may recall that the first program in this

i)

G883

o ., . aeae FIA
section (“count by two”) ran until you stopped AEGAZ CLEAR
it. Here is the same program, but now it will CEBRE 2
stop automatically at 100 because of the IF in- B@ds EMTERT
. BaEs 2 ‘
struction. As the program runs, step 0013 GEAE +
compares the current result with 100; step BAAT FRUSE
0014 is executed as long as the result is less gegs FAUSE .
than 100. But when X = Y, step 0014 is skip- t::‘;’g é
ped, ending the program. Eﬂél 1 @
BE12 H=Y
BB1Z IF H4iY
gaid4 GOTO
BE16 EMD

The next program calculates N! (N factorial) for values of N from 0 through 69.

NIl=N(N—-1)(N—-2)...(N=N+2)(1)
0! = 1(by definition)

Forexample: 6!=6Xx5x4x3%x2x1=720
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Here is a flowchart and listing of the program:

Enter N — X
| @aeE FIN @
( sa ) BEAZ PRINT
- aEaa |
aand sTO B
BEB5 IF HaY
SetFIX O A T I
ot FIX | BEEE GOTO  BA1S
BEBg H2Y
BEEs S5TO# B
_ gEla| K2y
Print N i
" BE11 -
gE1z 1
aulz GOTO BEBG
p=1-reg.B A@a15 RCL B
BEle PEINT
Bal¥ SPRCE
Is yes AR18 END
N<1?
no p=N!
Muttiply
pXn=p ’
Recall and .
l Print Nt n = current multiplier term
Subtract (N,N—1 N-2 etc.)
n-1=n
p = partial result of N!
( End )

After entering the program beginning at step 0000, set the Run mode, enter a value for N, say
13, and start the prograrﬁ:

18 () (72) E227

After the results are printed, the END (step 0018) halts the program and resets the program
counter to step 0000. Now you're ready to enter another value and run it again.

N
N!

]
]

Foc]
o0
151
DOV %)

o
T

i

i

ovisd

f

The step following an IF need not always con-

. NS . B2eg e

tain a branching instruction. For instance, the a1 IF Hay

sequence on the right checks the numbers in X Bza2 EOLLY

and Y and prints the smaller number. Bz@3 PRINT
BZB4 o

Here’s another example, which replaces X with ACOA e

its absolute value by changing its sign (step B2l IF -

0202) if it's negative. B8z +2-
gzes e

You'll find many examples using IF instructions in the rest of this manual.
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Subroutines

* A subroutine is a program sequence used many times, but stored only one place in the
memory.

* A GOSUB branching instruction “calls” and runs a specified subroutine. The last instruction
in the subroutine is RETURN, which causes the program to return to the next instruction
following the GOSUB.

« GOSUB instructions can specify absolute step addresses or label names, or they can be
computed branches. The same rules for entering GOTO instructions apply here.

e Subroutines can be “nested” up to seven levels deep at any time. An attempt to nest to an
eighth level causes the program to halt and print “GOSUB OVERFLOW".

e Pressing or executing an END instruction clears all subroutine nesting levels.

e Executing a RETURN without a corresponding GOSUB (i.e., areturn address is not available)
causes the program to halt and print “MISSING GOSUB".

e If a non-numeric key is pressed directly after () , a “"GOSUB 0000 instruction is

GO sua

automatically entered.

A subroutine is a sequence of program instructions which is used many times, perhaps in
several different programs, yet need be stored only once in the memory. A program can
branch to (or call) a subroutine at any time by using a GOSUB instruction. Then, after the
subroutine has been executed, a RETURN instruction located at the end of the subroutine
causes operation to resume at the step (‘‘return” address) following the GOSUB. Using sub-
routines saves both considerable space in the memory and program-writing time.

The following program segments show subroutine branching.

(Main Program) (Subroutine)
AHZS e ~/////a~3a5ﬁ BCL A
pare GOSUE O34 BESl e
gEzs PRIMT °
SETo e ;

BL Reva W .
qard e
Gavs HETURH

Program control branches to step 0050 and executes the subroutine. At step 0075 the RE-
TURN instruction sends operation to the return address (the next step after the GOSUB
instruction).

A GOSUB instruction can call a subroutine by specifying either a step address or a label
name, or it can be a computed branch similar to the GOTOQ instruction. -
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For example, to call a subroutine beginning at step 0200 from step 0050:

g;zoo(:) GE4S e

BEEE GOSUR  @zZas
HBa52 e
Or to call a subroutine beginning at Label C:
Q@or@@ gHds e
. Ba5e GoslUB O
BES: @

To call a subroutine beginning at the step address indicated by the current number in X:

) () HE4T e
BESE GOSUE ¥
ga5] e

And to call a subroutine beginning at the label name indicated by the number in X:

2 &9 () G649 e
da58 GosUe L
BE51 e

Notice that each absolute GOSUB instruction requires two program steps.

Nesting Subroutines

Although any number of subroutines may be called individually during a program, it is also
possible to use more than one subroutine at one time. The action of one subroutine calling a
second subroutine which, in turn, can call a third subroutine, is known as “nesting”. The
calculator can remember up to seven return-addresses at a time, so that subroutines may be
nested up to a depth of seven. Calling an eighth subroutine without first returning to at least
the sixth level causes the program to halt and print “GOSUB OVERFLOW"'.

Returns are made on a “last-in, first-out” basis, the return always being made to the last
return-address remembered. As soon as the return is made, that return-address is forgotten,
so that the previous address now becomes the last one. Thus the returning order is always the
opposite of the calling order.

NOTE
When preparing to run a program which nests subroutines,
press to insure that all seven levels of nesting are avail-
able. END automatically erases any return-addresses to
which the return has not yet been made.
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Example Program

The next program uses a subroutine based on the N! program shown earlier. This program
calculates the possible combinations of n objects taken k at a time. For example, if a box
contains 15 differently colored balls (n), how many possible color combinations (c) are there if
5 balls (k) are selected (and then returned) at a time? The answer = 3003.

The formula used in this “possible combinations” program is:

n _ n!
Cx = K(n—xy

The program calculates C for any values of n and k from O through 69.

Here's a flowchart and listing of the program. A flowchart of the N! program is on page 52.

5
i
m o
f’x,l
B

(j Start ‘> ; ;

o
BaB3 5T0
. BHA4 PEHT«
Clear Stack ‘ EZE’E"E‘N
STOP ‘3;}@? s ‘L
Enter: 'n -y ' BE}&Z:E_: k’ F‘E:IHT
g - @EEI ENDe
¥ BElE HEyY
Print and Store: aril ST0 B
—_ VA g "{ :” Rt
N BB12 PRHTe
Betd ko
Subtract n -k . g’gig PE‘I ﬂT (] !
BBa1y ENDe
*5313 ’f, w  ; ‘
BE19 GOEUE  Bo4s
’ BE22 RCL. B
BEZ2 GOSUE 8843
A87s 8708 C
Store CBRAZE RCL . H
(n — k)l - reg. C s G -
. NI Subroutine , gﬂj;? ' :“"!:!5;‘337- ?E‘,ﬂ%‘j
NI X gpgd pEL 0
, s
GOSUKB! to find Subroutine ' 5’%@3 i o F‘HTG’ '
B@3z C ‘
B34 = '
Sore HE23 PRIMT
k1 (n-k)! — reg. C - E”C? & E“Dﬁ‘:
BEag

8
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®

' BB43 5TO D
GOSUr?‘tofind A Subroutine ggjg éTU E
Ba4e IF H:y¥
8847 GOTO BES5E
BE49 HY
K1 (n-k)! BASA STO# E
aas1 Hay
, BESZ -
print BE53 1
Ba54 GOTO aBd4a

' Ba56e RCL E
SpacePaper @@5? F"HUSE
4 lines BE58 RETURH

B85%9 END
( e )

You need not key in this program, since it is on the Utility and Test Cartridge supplied with the
calculator. To load and start the program, first insert the test cartridge into the tape drive and

press .

Then press
4 (D) ( 5.oo |

Now enter a value for n in Y and a value for k in X:

Press

Before the final answer appears, the display will flash three times, showing the results of the
factorial subroutines for each value of N (n — k, k, and n respectively).

ot
!

(AR E e 1]
fx]

Ry

k3
G

3oy I N}
AT

D N
=

N

4o ]

n

el

)
£

The N! subroutine could also be run “stand alone”, by entering a value for n into X and

pressing 43 .

Pressing is needed to clear any return addresses in the calculator.

When running the subroutine “stand alone”, it stops with N!'in X. The error message “MISSING
GOSUB" is printed since there is no return address for the RETURN instruction at step 0058
(ignore the error in this case).
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FOR-NEXT Loops

* FOR-NEXT instructions allow controlied repetition of program sequences. Three sets of
registers are used: A & F, B & G, and C & H. The first register, the loop counter, is in-
cremented after each pass of the loop and compared with the final value in the second
register. The loop is exited when the loop counter passes the final value.

¢ The loop counter is incremented by one when A & F and B & G are used. When C & H are
used, however, C is incremented by the value in register D. If D = 0, the loop is repeated
continuously.

¢ A FOR-NEXT loop is always executed once, regardless of the loop counter and final values.

e FOR-NEXT loops can be nested up to three deep.

¢ If a NEXT is executed without a corresponding FOR, the program is halted and “MISSING
FOR STMT" is printed.

The FOR-NEXT instructions permit the repetition of any program sequence a given number of
times. The FOR and NEXT instructions form a loop with the program segment to be repeated
between them.

Each FOR-NEXT instruction is used with a set of data registers. Register sets A&F, B& G, and
C & H are available for this use. The first register is specified in the FOR instruction and is
called the “loop counter”. The second register holds the final (or exit) value. When register
sets A & F and B & G are used, the loop counter is incremented by one each time the lbop is
executed. When register set C & H is used, however, the loop counter is incremented by the
value in register D.

In the example on the right, the loop counter
(reg. A) and the final value (reg. F) are first

initalized. The FOR instruction at step 0036 in- STO A
dicates the beginning of the loop. Each time b

. - STO F
NEXT is executed, the loop counter is in- FOR A+F

L0 G U

b B o R ot N B o€ B b B o

P 0 oot B ot B0 o o ey B e |

T O P
h

cremented by one and compared with the final
value; when the loop counter is greater than e
the final value the calculator exits the loop and
continues with the step after NEXT. In this
sequence, steps 0037 - 0059 are repeated five
times.

sl WU oK
il ot o
&y
o U
=
o e e
s
e
g 3

The FOR instruction shown above was entered by pressing () (+ ) at step 0036 and the
NEXT was entered by pressing (=) (») at step 0060. Keying in the first register name
indicates which register set is to be used.
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For many applications it's easier to use FOR-NEXT rather than IF instructions, as in this
comparison of two simple programs which display the numbers 1 through 100 in succession:

Using IF Using FOR-NEXT
gEea 1 gaEs 1 ;
a88i 2T0 A aEgl =70 R
aggz RELL A gags 1
BAERZ FAUSE gEas 8
gaa4d AEgd oo :
BABE @ Guas 2710 B
Bany IE woy - BgRey ROL "
HEHE GOTO aald BARE PRUSE

S Bale | o BBee HEXKT A
aoill STo+ A @@l EWD
dEls GOTO ufudnie o
AEi4 EHMD

The program using FOR-NEXT is easier to key in, takes up less memory, and executes faster
than the one using IF.

The next example shows how a FOR-NEXT loop can be used to store values into a block of
data registers. The program uses a second FOR-NEXT loop to print the stored values.

aaae 1
BaEal oTo E Printout:
HEEr 4
BA@z 270 i si'
BEA4 FOR B ] *@
B?E‘?j %EL B Store B 9
' ?%ﬂ?é = ’v inor:egisters 195 .
gy Yia : I througn 9. -
HBEs =T0 1 EB ?g“
O BBRLR HERT E ) géw
881z 1 e - Qg’f
BEl4 5T B =
- BBIS FOR  EaG
. BOlE RO T o p | Becalan
@alg PRINT - B Ot
Bals HEST B
BEZE EWND
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It's not always necessary for the loop counter to be incremented by one after each pass in a
FOR-NEXT loop. The next examples show how to increment by other values when using
register set C & H and specifying an incremental value in register D. Printouts are shown
below each program.

Increment by 5

Increment by =

A i 2 1H 4
E T i T o

Pty
% 4

S % B e

o
RN T T

i Lo} w0 % A o [ o S T L e
¥

PRS2 0 0 T 00 (R L T L0 0T
e .
D

g
T

Increment by -.5

L)

RLC

i &

SRRy T

QA TR e T o U o M s ok S0 M8 R e et oot o B
[t b R e T B 0w % B e 0 30 B e R 9o 50T R o |

P e P B0 S T K B o

X ]

o
st

LI T T

-
af
i

Lk £

1

i

Oy
SARNE 3%
"

t
el |

¥

5

gaBg FlIx 2

aaaz 1

HEE3 8

a4 ST0 5 i@, 688
BEBS +2- 9,58
Bafes STO H o, A6
qEa7 | 2.5
HERs 5 2. 88
BEES +#- T.on8
galeg 57O i 7.0Ra
BEil FOR CaHD

HEizZ L

BEl3

Helg

HBAL1S

3%

gt
wat

[%

Dok B w8 W 1
e ]

b

a :
BEs 57 i é T I
HEA OF DeHD & g LD
Gig RCL C 5 FLL o
11 PRINT & FRINT
812 HE®T C 5] HEXT C
A13 EHD A EHD
4,04 5.GEAE
5. 6@ 2 i41e
16, @@ dagrir
15,08 SRR e
2008 Sroeds
55 A 12,5664
e 15, 7AEH
18,8498
21.9911
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In each example the loop counter is incremented by the value in register D. Notice that the
incremental value can be any positive or negative value. If the incremental value is 0, however,
the loop is repeated continuously since C is not incremented.

The example on the right shows that a FOR-

H145 e
NEXT loop can be exited before the final value Bl14s 1
is reached. In this case, the values in A and E 8147 ETD A
are printed when A is equal to or greater than giiaj 5;
E. B158 5TO0 F
BiS51 FOE A+F
@152 RCL E
#8153 ECL A
B154 IF wie¥
2155 GOTO0 Blg69
Bi57 e
]
[
B8le7 e
B168 HEXT A
8163 PRIHT
@178 ROLLY
8171 PREIHNT
BlFz: e
Nesting FOR-NEXT Loops
FOR-NEXT loops can be nested: that is, the o B
P ¢ . y BEZS FOR  A3F @—
can be located inside one another. Since three AEZE FOR B+
sets of registers are available, three FOR- ®
NEXT loops can be nested at a time. :
®
BEEA MHEXT B
BEoel HEXT R —
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Flags

» Flags are used for indicating program conditions or making decisions. Flags 1 through 4 are
for general use, while flags 5 through 8 have special meanings.

* Each flag can be set or cleared from either the keyboard or a program. END clears all flags.

* Tosetaflag or enter a “SET FLAG n" instruction, press (n) .Toclearaflag or entera
“CLEAR FLAG n" instruction, press (n) .

* Use an IF instruction to check each flag’s state. “IF FLAG” instructions dc not change the
state of a flag.

Flags are programmable indicators which allow the calculator to either make decisions or tell
the user of program conditions. A flag has two states: “set” and “clear”. Each flag can be set
and cleared either from the keyboard or a program. In addition, all flags are cleared by
pressing or executing END, or by switching the calculator on.

Eight flags are available. Flags 1 through 4 are for general program use, while flags 5 through
8 have dedicated meanings.

In general usage, aflag is set by some program sequence or event. Then, later in the program,
the flag’s state can be checked to determine a subsequent activity.

The example on the right shows a typical use

gE2d e

for a flag. Steps 0025 - 0026 set flag 1 if the ARZS IF =

number in X is negative. Then steps 0035 - BRSE SFEG 1

- 0036 branch to step 0051 if flag 1 is clear; if apry :

flag 1 is set, (i.e., X is negative) the program , ®

continues at step 0038. dazd. e .
B35 IF CFG 1
G828 GOTO dE51
AREZE e

Flags can be set and cleared from the keyboard, too. As shown on the key, to set, say,
flag 1 from the keyboard press @ . And to clear flag 1, press @ . The same
general sequences are used to enter FLAG instructions. For instance, the “IF CLEAR FLAG 1”

instruction at step 0035 above was entered by pressing (+] @ :

Flags 5 & 6 are used to intercept certain error messages. When flag 6 is set, the “suppressa-
ble” error messages such as “OVERFLOW” will not be printed. Instead, flag 5 is automatically

set whenever a suppressable error occurs. A list of suppressable error messages is at the
back of the manual.
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Hereis a sample use forflags 5 & 6 $

#id45 e

Setting flag 6 and monitoring flag 5 allows the G146 SFG g

program to continue running steps 0148 - 0194 g147 CFG =
S48

until the calculating range is exceeded. When Bl4g :

flag 6 is set (OVERFLOW) the program skips to .

step 0198. #iod: e _
#1195 IF CFG 3
gl9s GOTO gi48
B138 PRINT
B19%9 CFG &
gzeg e

Flag 7 is automatically set whenever a STOP instruction is executed. |f a number is entered
before the program is restarted, flag 7 is cleared. But if a number is not entered and the
program is restarted, flag 7 remains set.

A typical use for flag 7 is shown in this program

BRIz e
sequence » HEa24 CLEA=J
which sums a series of numbers. The user keys BA3S STOF
. SRR [l o - -
in each data value at step 0035 and presses gg;i g, EZ!TE;F;J ;_“,14 -
. X S T k1403
; flag 7 will be cleared whenever a value is HEe 3_-; SUM+
entered. When there are no more values to en- gE48 CLEAER
A SOTO BEaE
ter, the user presses (but makes no entry), [“;”‘;Mr é LUTO oo
BEdZ e

causing flag 7 to remain set. When flag 7 is set,
steps 0036 - 0037 branch the program to step
0043.

Flag 8 is “toggled” by pressing while a program is running; that is, pressing changes
the flag’s state from clear to set, or from set to clear.

As a simple exercise, enter this program »

Fonig
T
oy
'Y
L1

(R3]

HEag
Baal GoTo Hal3
To start the program, press . Since BEAZ PEMT=
RGBS O
flag 8 was cleared by pressing , “CLEAR” BEEE L
will be printed continuously. Now press to EEE? g
| ack and forth. Hididiz H
toggle flag 8 back and for AEAa B
Bain ENI«
BEil GOTO0 aoaa
BE13 FPEHTx
geis =
Baies E
BRi7 T
Gaig EHDa
BElS GOTO BREH
dez21 EHD
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Editing Programs

Lists program steps, from the current step address to an END. This

LisT
can be done in either Run or Program mode.
Advances the program counter. Use in the Run mode to execute

the program, one step at a time. Use in the Program mode to man-
ually list the program.

Program mode only:

Use to decrement the program counter, and to clear an incorrect
BKSTEP)

key sequence being entered.

Deletes the instruction at the current step address and corrects

DELETE

any affected branching instructions.
new Inserts new instructions at the current step address. Terminate the
W \Keys insert operation by either pressing () again or setting the

Run mode.

Erases the program memory, except assigned data storage, and

WEWORY DELETE sets the program counter to step 0000.
- Manually sets the Alpha mode to permit changing or inserting

alpha instructions.

Program operation can be easily verified and changed by using the editing keys listed above.
Please remember that editing operations are not programmabile.

Program Listing

When a program does not run as expected, the first step in correcting it is to study a listing of
the program.

To list an entire program, set the program counter to the first step address and press (*s7]. To
list only a portion of the program, set the program counter to the first step to be listed (use the
key) press , and then press to halt the listing.

Now you can compare the listing with either your original list of program instructions or your
flowchart; when the error is found, use the editing keys to correct the program.

A program listing is also a useful reference while single-stepping through the program, as
described next.



64 Programming

Single Stepping

An easy method of checking a program is to run it one step at a time. This is done in the Run
mode, by first setting the program counter to the beginning of the program, and then pressing
repeatedly. Each time you press the current instruction is executed, the program
counter is advanced to the next step, and the display returns so that you can view the results.
If the current step contains a branching instruction, the program counter is advanced to the
specified new address.

When a program is single-stepped to a PRINT ALPHA instruction, the entire alpha message is
printed; then the program counter is set to the step following END ALPHA.

Pressing has no effect on the program when the Run mode is set.

Changing Program Instructions

To change a program step, first set the program counter to the step address (use ), set the
Program mode, key-in the correct instruction, and then set the Run mode.

If the new instruction requires two program steps, but the old instruction uses only one step,
the calculator will automatically shift the rest of the program down one step and, in addition,
renumber any affected branching instructions. Similarly, if the new instruction requires only
one step, while the old step uses two, the calculator will shift the program up and correct any
affected branching instructions.

For example, suppose that this “‘count by two”

& FIX 5
program introduced at the start of this section ] 5::£EH§ET
is still in your calculator, and now you wish to & a2
X r Lol b
change steps 0003 and 0005 so that it will 9987 ‘ENIER
4 ot St
count by one: BOBE +
BRBY PARUSE
BEoz PARUSE
ARRT SOTO BRE5
BEIL EHD

PRINTER

RUN OFF
Press 3 and set sﬁ‘i'.ﬂg and mg
PRGM NOAM
1) 1

RUN
Now set e
PRGM

Changing the operating mode terminates the GOTOQ instruction, just like pressing @

o e
R

¥

¥

o
Lo
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To see how the calculator automatically cor-
rects branching instructions when you change
the number of steps in use, change the “FiX 0"
instruction at step 0000 to a NOP:

Press and set sﬁ:g dEEE HOF
&
Now set the Run mode and list the program. AORGE HOP
Notice that the instructions were automatically gopt CLEAR
moved up by one step and that the GOTO was E”E“;‘f:— 1
aEas EMTERT
corrected. oG4 1
HEABS +
BEBe FARUSE
Baay PRUSE
aERs GOTO Babd
aEeia EMD :

The calculator also automatically changes branching instructions as you enter them, when
they conflict with instructions already in the memory. For example, if you tried to load a “GOTO
0009 at step 0000:

RUN
Press @ and set s‘#’l.%g

PRGM

(@) 9 and set ﬁ BAES GOTO  ABLE
Notice that the calculator corrected the GOTO for you. GOTO sequences from the keyboard
will be automatically changed too! See page 70 for an example.

Deleting Instructions

To delete a programmed instruction, first set the program counter to the unwanted instruction.
Then, set the Program mode and press [D:Q . The calculator automatically moves the rest of the
program up to fill the vacant step and corrects any affected branching instructions.

To delete an entire sequence of instructions, set the program counter to the first unwanted
step, set the Program mode, and then press () once for each instruction in the sequence.

OELETE
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For example, to delete the NOP in the last example:

RUN
Press @ and set ;,".',:’Tg

PRGM

dEge CLEAR
DELETE
Now set the Run mode and list the program. GEGE CLEAE
Hubn CUER
Note that the GOTO address was automatically aast i
corrected. HOB2 ENTERT
gaps 1
Egd +
BEBS PRUSE
BEBS FRUSE
gEay GoTo dOE3
GHEY EMED
Now delete steps 0001 and 0002, since the
program will run without them:
RUN
Press 1 and set ;,'f,gg
PRGM oo o
s IR
DELETE DELETE .
Each time an instruction is deleted, the step’s
new instruction is printed.
Now set the Run mode and list the program CUERR
again. i
.1‘.
;:.- :
GUTO EEEE R
EMD

Inserting Instructions

To insert one or more instructions into a program, first set the program counter to the step
address at which the first new instruction is needed. Then set the Program mode, press g

and enter the new instruction(s); then terminate the operation either by pressing an editing key
(except (<) or(*)) or by setting the Run mode. The calculator automatically corrects any

MEMORY DELETE

affected branching instructions when the insertion is terminated.

For example, let’s insert two more PAUSE’s into the program shown above to slow it down.
We'll insert the new instructions before the GOTOQ:
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RUN
Press 5 and set ;,",'.:’,Q

[

N
™=
[y
|
gy
|
Dy’
]
11
|

,_,
T
O
A
U
0
™
Uy
™
Uy
1™ .
gy
=
Ly
-~
—/

INSERT

HEBS PRUS
PAUSE  PAUSE  INSERT BE‘@E PFI”E'E

Now set the Run mode and list the new prog- gaad CLEAFR

ram. Notice that the + symbol appears in the ggg} 1

display while steps are being inserted. Then égég ;‘HUSE

pressing EMJ again terminates the insert oper- BaERd PRUSE

ation and removes the F. 8883 FRUSE
ga8e FAUS
AEaT GOTO aagd
BEas END

Clearing the Memory

To erase the program memory, set the Program mode and press CI () . The program

MEMORY DELETE

memory is filled with NOP’s and the program counter is reset to step 0000.

This operation does not affect any assigned data storage, the stack, or any special HP
programs in the memory. (See page 18 for instructions on clearing data storage.)

Editing Alpha

Instructions in an alpha message can be edited using the keys just described, however the
Alpha mode must be set before the instructions can be successfully changed or inserted.
Otherwise, pressing the keys will enter their non-alpha meanings. To manually set the Alpha

+ALPHA

mode (“ALPHA" appears in the display), press (D

For example, the program sequence on the ERHT‘?

right prints this line:

i

i

T

i

SHLES = % a.a8

wmrrn

$ k ‘
FREIHT
EHDo

T Dol Gt Dl O Gl L0 G PO B P P

r B o B ot o R B oy I oy oy e I s )
Bl ik et o s ok ot ol ok, o it it

T OB e T e X g
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To change the “$” character to “L":

Ll

RUM
Press 135 and set sqmg (I_,l_ -
;

——
-
)
1
D
Ny
-
o
[t
———
1
———
g
——
an

+ALPHA

a ey () B135 L

Now set the Run mode and run the sequence:

in
g

SALES = L a.68a

U
L

If we had attempted to key in “L” like this (by not setting the Alpha mode):

RUN
Press 135 set ,‘,‘f;’,g

) 8135 LDRGO

LD& GO

Running the sequence would result in:
SHLES = & B.88

Entering other instructions within an alpha message when the Alpha mode is not set will cause
other unexpected characters to be printed. See “Additional Alpha Characters” on page 71.

Now let’s replace the “L” in the last example with the “ £ (Pound) symbol. To do this we have
to first change step 0135 to SHIFT and then insert (FJ:

RUN
Press 135 and set gg,gg
o
+ALPHA [ [ R i Y e 1
[ It )

- )
- | @135 SHIFT

\
-~
-
D
——
B
. —
O
./

Set ,‘,“J,gﬁ (to terminate the Alpha mode)

AUN
AUTO
Set START
PRGM
+ALPHA

Press (o) (D &%) [’l_'l"/'r )iy J

INSERT

[t
———

(]
———
o
———
~t

Now set the Run mode and run the sequence:

ERLES = £ a,680
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Please remember these things when you are changing or inserting instructions into an alpha
sequence:
e Before changing alpha instructions, be sure the Alpha mode is set. Press () to
manually set the mode. -
 To insert instructions first press (° ). Then set the Alpha mode by pressing @l .
Then load the new alpha instructiomrslmsT and terminate the insert operation. To terminate both
insertion and the Alpha mode, switch to the Run mode.
* When deleting Alpha instructions be sure the Alpha mode is not set. Otherwise, pressing
(»]) will enter the alpha character.
. l?ﬂtzﬁe Alpha mode is not set, instructions changed or inserted will cause different charac-
ters to be printed. '
* To list an Alpha sequence, set the Run mode, set the program counter to the PRINT
ALPHA instruction, and press . If alisting is started from within an Alpha sequence,

unexpected instructions will be listed (see page 71).

Programming Hints
An Editing Tip

When many steps are being changed in a program, it's easy to lose track of the exact address
of each instruction. So before editing individual steps or sequences, be sure of the instruction
at the current step address by pressing (in the Program mode). This takes only a
second, but it will assure you that the steps being changed (or deleted!) are the intended
ones.

Branching Speed

Using step addresses in branching instructions generally enables the program to run much
faster than when label names are used. This is because a “‘step address” branch goes directly
to the specified address, while a “label” branch first goes to the top of memory, and then
searches for the specified label.
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To see the difference in branching speeds, first erase the program memory; then enter and
run each of these programs:

(Using a step address) (Using a label)
CLERR CLEAR
Fid e FIA E
LOTO AEEE LOTO LEd
HOF HOP
HOF HOF
® o
. e
e o
HOF H299 MOP
FRUSE Haed LBL
GUTO  BEAG =--- @B
EMD BIEZ PRUSE
BaB3 GOT0 Lag
g2a3 END
The program on the left produces a relatively

The program on the right produces the same display, but now it is blinking. The blinking is
caused by the extra time needed to search for label 00.

Branching Errors

Some unexpected results may occur if an incorrect branching address is used. For example,
in each of the following sequences the GOTO indicates step 0200 but the branch is made to
step 0199, since the specified step address is unavailable.

1

BE5H e GlGz e
§E51 GOTO G260 G183 GOSUE  B2e0
BE53 e B1ES e

® ®

L [ ]
G195 e §15g e
5199 ST0 REES §19% FIX 5
BEE1 e SEGBE
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This is OK for program operation, but if you wish to enter a program sequence beginning
at step 0200 (over one of the previous sequences) and press 200 from the keyboard

before setting ;,I?,;’:Q , the program counter would be automatically set to step 0199. In

PRGM

this case, entering a NOP will make step 0200 available.

A more serious error occurs when a program 1{1?4:5; nh e
@249 GOTO  AZ80 —
branches into an alpha message, as in this 8251 e
sequence » bt
Executing alpha instructions without first set- e
. gzad4 e
ting the Alpha mode can cause unwanted re- BESS PEMTH
sults. In this case the calculator executes the #gza?f 1. ,
instructions listed second. This second listing ; @'-;«";:3 ET‘ G '
was made by setting the program counter to g;;g ﬁ o
step 0300 (from the keyboard) and pressing asEd L ’
BEEE =
gi0d
Hadis PREIHT
dogs EMbe
B3aE SFG 20
8381 IF SFG 5
gaez LOGo
. B3B3 SPHCE.
B384 LOG
BEBS FRINT
B2Bs EMIa

Additional Alpha Characters

As described under “Editing Alpha”, it's possible to print some characters not available via
the standard Alpha mode. This is done by cancelling the Alpha mode and entering a regular
instruction into an Alpha sequence. Then, running the entire alpha sequence prints the non-
standard character within the alpha message.

Here is a list of the extra characters and the instruction to enter for each:

Character: Instruction:
& 1/x
o STOE
i RCLACC+
+ IF CFG4
* IFCFG 5
i) IFCFG 6

4+ IFCFG 8
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By using two of these additional characters, .
you can print this line # AETTa
by entering the program sequence on the
right. Note that before entering each non-
standard character, the Alpha mode must be
cancelled by setting RUN and then PRGM.
After entering each character, the Alpha mode

+ALPHA

is reset by pressing .

PEMNT=

Py

Y
IF CFG 4

?F CFG &
EMIDia
EHI

Erc BRI oo 38 05 B o A o B ot Bt O 1
s B acn B o B8 ot B s Oy 8 o I e
i I S ot B ot o R B ol o RN
AR n Sl Qv IR § IO S S0 T % B 54

After the entire sequence has been entered, FEHMT=

%

listing it again will show the new characters #

H

For o =

A
EMDw
EMD

D D T O O
Lo 3 o 0 o 2 oy B B oy B B o IR %
foncer B o 30 et B SO€ B o B 8 B 508 38 0 o |

AL Q0 = T U R L P 5

Peripheral CALL Instructions

The general key sequences (n) @ through (n) &) are reserved for use in
controlling peripherals. Each interface currently in use defines the sequences as appropriate
peripheral call instructions. For example, the sequence @ (») executes (or prog-
rams) a PLOT instruction when an HP 98132A Plotter Interface is used. With an HP 98134A
General 1/0 Interface, * :wever, the sequence @ (2] executes (or programs) a
WRITE instruction.

If you either execute or program any of those key sequences when the appropriate interface is
not plugged in, the calculator will list the key sequence. The error message NO I/O DEVICE
will appear, however, if the sequence is executed. For example, if the plotter interface is not

plugged in:
Set ::B and ;‘EE

LeLL 1A
Press @ ) MO I+0 DEVICE
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At times, it may be necessary to enter a program having peripheral call instructions when the
appropriate interface is not plugged in. After the program has been entered, edited and listed,
record it on tape. Then, when you wish to run the program, plug in the required interface(s),
switch the calculator on, and load the program back into the calculator. Now the call sequ-
ences are defined with their appropriate instructions. Here are two program sequences show-
ing call sequences listed with and without the plotter interface in use:

Without Interface With Interface
Bizs e #1285 e
G126 CALL 1A Blec PLOT
Bl2e IF ey BizZ8 IF B4y
G129 GOTO A12S HI2% GOTO B125
Bi31 CRLL i1 Bi131 DEAMW+
B133 CALL 1B B133 PEHT
Hiss g Bi35 1
5l e G113 B
G137 EHMTERY B137 EHTERT
HiH2 CHLL in 8132 HOVE
Hid4n e Bglag e
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4

Tape Cartridge

Introduction

The built-in tape drive allows you to make permanent recordings of your programs and data,
and then load each program or block of data back into the calculator as often as you wish.

The tape drive is also used to load pre-recorded programs into the calculator. If you do not
wish to store your own programs and data on tape, you need only read the following introduc-
tion to the tape cartridge and cleaning the tape head. Then read “Loading Programs”, begin-
ning on page 84.

I =
The tape drive keys are located with the prog- — . e o
ramming keys. All tape-drive operations are 8 % 8 % g 2 F
programmable. A summary of the operations is CERPEE & OO0 00 @
O ® 0060 O G -
on the next page. SofED ® (D0 ) &&=

Inserting a Cartridge
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Tape Instructions

MARK TAPE instructions are used to initialize a tape with blocks of empty files.

Enter: and press
Size of each file (in steps) A [ ]
Number of files in block (< 254) — Y

first file number - X

To determine the file size needed for data, multiply the number registers by 8. To use the primary
track use positive file numbers; to use the secondary track use negative file numbers. To erase
the rest of the track, place a negative numberin Y.

To IDENTIFY a file, enter the file number in X and press (@i} [‘:-% . This information is placed
in the stack:

File Types:
File type - T = program file
Stepsinuse— Z 1 = secured program
File size ->Y 2 = datafile
File number —X 3 = special HP program!

= secured special HP program?
5 = empty file
6 = extrafile

To RECORD PROGRAMS, enter: and press

Beginning step address — Y

File number - X

The program memory is recorded into the file, until an END is recorded.

To LOAD PROGRAMS, enter: and press or program
First step address — Y
File number - X ouee

When the LOAD & GO instruction is used, the calculator runs the new program automatically.

To RECORD DATA, enter: and press
Number of registers — Z DATA
e o9t -
First register number — Y ;
File number - X
To LOAD DATA, enter: and press

Starting register number — Y
File number —- X

The data is loaded, register by register, beginning at the register specified .

'See footnote on page 82.
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e To VERIFY that the contents of a file is identical to that in the calculator memory,
enter: and press

Starting step address veney
or =Y -

Starting register number

File number - X

If the information in the file is not identical to that contained in the memory, “VERIFY FAILED” or
“CHECKSUM ERROR" appears.

¢ To RECORD SECURE programs,

enter: and press

- Starting step address — Y
File number - X

CALL - D
ALPHA-S

Once a secured program is loaded back in the calculator, any attept to list, record, or edit
programs will cause “SECURED MEMORY" to be printed. To clear the secured condition erase
the memory or switch the calculator off.

The Tape Cartridge

The tape drive uses a specially-designed, minature tape cartridge having about 140 feet
(about 43 meters) of high-quality metal-oxide tape (see photo below). Typically, each car-
tridge can hold 48, 2008-step programs or the contents of 12,000 data registers. Space is
provided on the top and front of each cartridge for you to label its contents.

Access cover

RECORD slide

The HP Tape Cartridge

The photo above shows two built-in protection features. As the cartridge is removed from the
tape drive, a small plastic cover snaps closed to protect the tape from dust and dirt. Position-
ing the “RECORD" slide to the left protects the tape from accidental erasure. This slide should
be positioned to the right only when initializing the tape or recording information.
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Inserting the Cartridge

Toinsert a cartridge into the tape drive, first open the tape drive door. Then slide the cartridge
into the drive, as shown on page 75, and close the door. It's recommended that you first press
before removing a cartridge. This fully rewinds the tape to shield the recorded information
against damage. Then press the eject bar.

CAUTION
Always remove the cartridge when it's not in use to protect
the tape from dust.

Storing Tapes

As with most magnetic tape products, the information recorded in the tape cartridge can be
altered or destroyed if it is exposed to a strong magnetic field, such as one produced by a
bulk tape eraser, a toy magnet, or a metal detection device (like the ones used in many
airports). If you keep your tapes in a metal container, such as a card index box, they will be
protected from most magnetic fields.

Cleaning the Tape Head

To ensure the reliability of tape operations, it is recommended that the tape head be cleaned
after every eight hours of tape operations. Furthermore, it's always a good idea to clean the
tape head before making important recordings.

Cleaning the Tape Head
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The tape head is easily cleaned as follows:
1. Press the eject bar and remove the tape cartridge.

2. Clean the tape head with a cotton swab that has been dampened with head-cleaning
solution. Just wipe the top of the tape head a few times with the swab. Also, remove
any dirt on the rubber drive-wheel, using the same cotton swab. Then remove dust that
has accumulated in the vicinity of the tape head.

3. Re-insert the tape cartridge. Make sure that the door closes completely to prevent
excess dust from accumulating.

In conclusion, special care must be taken to ensure reliable tape cassette operations:

* Keep the tape-drive door closed to prevent dust from accumulating. Also, remove the
cartridge whenever it’s not being used to protect the tape from dust.

» Clean the tape head after every eight hours of tape operations and before making impor-
tant recordings.

» Protect the tape from scratches, dust and magnetic fields, like those associated with
high-voltage electrical equipment. This includes the rear panels of calculator peripheral
devices.

Error Detection

The tape drive routinely checks to ensure that all the information being loaded into the cal-
culator corresponds exactly to that originally recorded. This is done by using a “checksum”,
which was stored on the tape when the information was first recorded. If an error is found
during a LOAD DATA or LOAD PROGRAM operation, the file is automatically reloaded into the
calculator. If the file cannot be loaded correctly after three tries, the operation is cancelled and
“CHECKSUM ERROR?" is printed. Typical causes for checksum errors are dirty, badly-worn, or
partially-erased tapes or a dirty tape head.

A checksum error does not mean that the program loaded in the calculator is completely
wrong — usually only a few steps are missing or changed. It may be easier to first list the
program and then edit in the incorrect steps, rather than keying in the entire program.
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Initializing the Tape
Tape File Structure

Before a new (blank) tape can hold programs or data, it must be initialized with one or more
MARK TAPE operations. Each MARK TAPE instruction records a block of empty files onto one
track of the tape. The user specifies the size of each file and the number of files in each block.
Here is a typical tape file structure:

Beginning of

tape marks file @ file 1 file 2 file 3 (extra) End of tape mark
s - — -~ NP -~ N pr——

A
NE
[ R ]

[gap l 1D l body lgapl 1D l body ] gapl 1B ] bedy /[gapl 1D
. . . - )

file —@ file —1 fle —2  extra file

D body gap I 1D body gapl [ l body gap | 1D \
[ ]

Tape File Structure

Tracks Two tracks are available on each tape; each track can be ini-
tialized and used independently. To use the primary track,
specify a positive file number in each tape-drive instruction: to
use the secondary track, specify a negative file number in
each instruction.

BOF Gap  The beginning of each file has a blank gap used to separate
consecutive files.

File 1D The file identifier contains information such as: the file num-
ber, the file type (program,data,etc.), the absolute file size
(in steps), the current file size (number of steps currently in
use), etc.

File Body  This is where your program or data is stored. The absolute file
size specified in the MARK TAPE instruction determines the
size of this area.

Mark Tape

MARK

- (o)

Each instruction initializes one track on the tape with a block of empty files. These values must
be specified in the stack (the integer portion of each value is used):

Size of each file -7
Number of files in block —-Y (max = 254)
Number of first file - X

The file size is expressed in program steps. To determine the file size needed to hold a block
of data (registers), multiply the number of registers by 8.

After the specified number of files have been marked, an extra file is marked and the tape is
positioned in front of the extra file. Since the extra file is included to facilitate marking addi-
tional files at a later time, it has no body. Now you can store either data or a program in each
file, or you can mark more files beginning with that extra file.
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For example, to initialize a new tape with five 500-step files and two 300-step files on the
primary track:

RUN

1. Set s‘rlfnorﬁ and insert a new, unprotected tape cartridge.

PRGM

2. Mark the first five files, beginning with file 0:

MARK

o @ (o)

After about 10 seconds the tape will be positioned in front of the extra file (file 5).

3. Now mark the two smaller files, beginning with file 5:

MARK

5 @ ()

After the tape drive stops, the tape is positioned in front of the new extra file (7). Now the tape
is marked like this:

Mark 2 files
Mark?files ——
l 0 l 1 l 2 [ 3 l 4 Is '5 l 616 I 7[

(blank tape)

As shown above, the files appear in numerical order, from 0 through 7. The first file on each
track must be either file 0 (primary track; or file —0 (secondary track).

Now let's mark three 1000-step files on the secondary track, numbering them files —0 through

-2

MARK

0(<) @B (=)

After the tape drive stops, the tape is marked like this:

: ] 6 7
L ] ) Extrafiles
e i e

Notice that each 1000-step file uses slightly less space than two 500-step files. This is due to
the extra space needed by the beginning of file gap and file ID areas.
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Marking a Used Tape

The MARK TAPE instruction is the same for both new and used tapes. But when marking a
used tape, it is important to mark over, or erase, all old files which are no longer needed. This
will prevent unexpected results, as described later. For example, to mark over files 3 through 7
in the last example with ten new 100-step files, press:

MARK
100 (o) 10 (o) s o 50

In this case all of the unwanted old files are erased by just marking the new ones.

But when a MARK TAPE operation will not erase all old files, the calculator can be instructed to
quickly erase the rest of the track by specifying a negative number of files (in Y) for the MARK
TAPE operation.' So, if you wished to replace all files on the primary track with one 500-step
file, press:

MARK
00 (mm+ J1(2) (o s ) 0 O (o)

After the new file 0 is marked, the calculator will automatically erase the rest of the track and
position the tape at the new extra file (file 1).

Identify File
IDENT
-
The IDENTIFY instruction transfers this ID in-
formation from the file indicated in X into the File Types:
stack: = program file
’ 1 = secured program
. 2 = data file
File Ty.pe adll = gpecial HP program?
SFeps in Use - Z 4 = secured special HP program?
File Size —-Y 5 = empty file
File Number - X 6 = extra file

For your convenience, the file ID information is

FILE -
printed automatically like this when the instruc- , -{f Bp
tion is executed from the keyboard and the - "iji:ﬁ»*g‘f;_z
- HMAE

printer is switched on §

'The automatic erase operation may take up to one minute.

*These are programs which are written in a special language, loaded into data registers, and cannot be listed or modified by the
user. To erase a special program, switch the calculator off.



Here's a short tape list program »
To run the program, enter the first file number

to be listed and press .

The program runs until the end of tape is
reached. Here's a sample printout »

A more-complete tape list program is available
on the Utility and Test Cartridge supplied with
your calculator. See the next page for user in-
structions.

5
ks

£

VR0 R 00 O O R O 0 05 R 0 RS OR O
RN O O TR O 00 00 O RS 00 00 0 T
e e e T un on Nos i

=l L0 B Dl P e 0D OO e T O e 0 P D

file number
file type
steps in use
file size

Record & Load Programs

Recording Programs
=

Fla
ere

EOLL
PRTS
SPAC

1

IF ¢
ST0+

IF 5

5T0-

RCL
GOT0
Enp.

on

[ L o

gFe
JTOEHT

e

E

FG

L] e
oy e

oLn g

wh
{50

g

I

L

e
A,

i

X

et

e o l,,,ﬂ

T e T e

i
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This instruction records the contents of the program memory from the current step address
until an END is recorded. Before executing the instruction, these values must be specified in

the stack:

Beginning step address
File number

->Y
- X
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If an END is not found, the rest of the program memory is recorded. If the file is too small or the
tape is protected, the operation is cancelled (before the program is recorded) and an error
message is printed.

For example, if the tape is still marked as shown on page 81 and you wish to record that
18-step tape list program just mentioned into file —2:

JEDlEE

To see if the program was recorded,

IDENT

-

ol el 780 DN
Pt e i
Facu]

Loading Programs

This key is used for loading both programs and data from tape into the calculator; the file type
determines which operation is done. To load a program from a specified file into the calculator
memory, these values must be in the stack:

First step address -Y
File number - X

The file is loaded, beginning at the specified step address. If the file is of the wrong type or
there is not enough program memory available, the operation is cancelled and an error
message is printed. See “Error Detection” on page 79.

For example, to load the tape list program from the Utility and Test Cartridge beginning at step
0000, first insert the test cartridge into the tape drive and press . Then press:

(w20 (=) (@)

To verify that the program is loaded, run it.

RUN
8T0P

5+ TAPE LIST4#%

FIRET FILE MWDo 7
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Now enter the first file number to be listed and

A
press again. Here's a sample printout $
FILE MO, ~ i
TYFE (5
TH USE S
LIFE BEn
FILE M, =1
THYRE &
I =R 95
Z1EE o8B
FILE HO, -
IEE A
I BEE 254
SIEZE S8
FILE HO. -~
TYFE K
IH HEsE L83
512E SEA
FILE M. -
TYFE 3
I UgE 225
sIZE Sea

Segmented Programs

The technique of recording program segments or subroutines in separate files and using a
mainline program to call and run each segment, as needed, offers tremendous flexibility. This
method enables one program to call hundreds of segments, each of which is loaded and run
in the same area of memory.

Q The LOAD & GO instruction is a programmable means of automatically loading and
running a specified program. The same values used for the LOAD PROGRAM instruction are
used:

Starting step address -Y
File number —- X
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Here is a simple supervisory program that calls
and runs a series of subroutines. The user
entry at step 0017 determines which file is
loaded first. Then each successive file is
loaded in the same area of memory, beginning
at step 0028.

The three subroutines called are shown below.
The first two return control to the mainline prog-
ram, but the last one ends the program.

File 1

BER PRMTw
aEz F
a3 I
884 L
BAS E
BEE

vl

L
g
A
i
E
£y
EMIOx
50T

EHD

Lct Bnot B scn B8 won i o B ot g ek B ncw B v B O o B i B 00 B

SR AR AN BT A0 B M B SRS Wt S % % e

N
£ ]

i,

i ool BB ra et B S R 10 B A B Y
&0
oy
erals!
£l
W

X0 B § SO o B T SR o L

DR or
3

)

N
]

File 2
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SO0 &
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Eoct B0 B o o I B Bt O IR Ko i e o B 5 o B o B e 3 oy e )
i
T
£

i ol oo o e B e el po SO T b 8 18 o B o e W

QX s R s B O e s B

R 5 (5

b Ve

o
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Rt I L £ BB N N o oo S B i T B £ B A B N

AR R SRR T B B 5o T o B o B % I o B A T

& i
Azl
aBzz
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gazd

5

o Rl

£ 1% )

{5 Bs I A O R o B8 W B 0 O e o B e W o N B A
el eedt el B B R S A L R B e B ew R0 N o0 Y

e
Ll

L}

% B i B RO o R o B b B o I o B o B o B B oy SR 1w B o T e TR A T e
% 8 e

i
b))

cyirs.
A

(TR TRy SO <M B X S R O o TG B S 1 0 0 i 6t

s o8 3 B v

(LR O ey e
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ni

1
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e
o W8
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TO+ A
EREE Rz
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File 3
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P
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Immediately after file 1 is loaded, the memory is arranged as shown below. Although this
example shows loading program segments after the supervisory program, they could be
loaded anywhere in the memory, even directly over the.LOAD & GO step.

Supervisor Subroutine
BEGE & 4 PEHT
B@aEs CLERR Bezn F
goel FIE 5] ezl I
BEEI PRHTa glag L
aEes L gasEs kB
Aase O Bud
BEB?Y H BEES 1
ARBE T BHZA
BEEY AEE7 L
BE18 F BE38 O
gall 1 aazI /o
BE12 L Biad I
gEiy E GEd] F
aa14 go4z T
aais % BEg2 Bl
AR16 EMD= gaad GOTO Bi2q
BRIT STOP G848 GOTO BiEzd
HEIE FREINT FE48 END
HEle =70 A
anza 2
apzl 8
gezz BLOL H
BEZZ LDLGO
gazd4 |
gE2n S0+ A
BaZe GOTO BEZ2E
As another example, this program sequence 1o °
loads and runs either file 5 or 6, depending on AZB8 CLEAR
whether flag 1 is set or clear. The file is loaded ::: . % _iF SR
beginning at step 0000. Even if the new prog- é‘jé‘:’ ;F SFC
ram is loaded over the LOAD & GO step, prog- wEEd 5
ram control will still resume at the first step of dzal LDeGo
Azae EWD

the new program.
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Linking Programs

An extremely long mainline program can be separated into parts, with each part being re-
corded into its own file. The LOAD & GO instruction can be added to the end of each part to
call and run the parts in succession. An example is shown below.

Part A (file 0) Part B (file 1)
G e SETY
ZET: B4E1 CLEFAR
GEY SETEN
oEY G463 LDLGO
347 B4E4 ENT
Part C (file 2)
B47E e

H471 END

Each LOAD & GO instruction loads the next part directly over the old one and then transfers
control to the new part. Each part has an END step to permit recording and loading, even
though only the END in part C is executed.

Record & Load Data

Record Data

DATA

This instruction records the contents of a block of numbered data registers into a specified
file. These values must be specified:

Number of registers -Z
First register number —-Y
File number - X

The record operation begins with the first register number. If the specified registers are not
assigned, or if the file is too small or of the wrong type, or if the tape is protected, the record
operation is cancelled and an error message is printed. Also, if the number of registers (inZ) is
less than 1, an error message appears.



Here are two example uses for the RECORD DATA instruction:

Example #1

e T 0% B o 30 500 o B 5ot B e T 8 et o 5 I o8 T O ot IR 0 8 oot O 50 T )

Pk P et ke ks’ ke’ e e e o ot e s e e e o et 7Y
e e o T R e T et ot T At 5 T ot IR et O 3 AR o O s I 1 TR )

L0 el e ¥ Do e S0 00 O e L T e D

Example #2

°
1

@
EHTERT
7]
EHTERT
FPEHT

T T

o

EMTia
STOF
PRINT
RCORTH
EHT

Example #1 records the contents of registers
0 through 9 into the file specified by the user

entry at step 0115.

I o B o |
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S oo e B Bl G G0 GOl 0 G 00 G PG P P PO T T T T Pob et et ek it ke e bk’ T UL OSSR Y 020 T 5 N0 AR

R W ]

Do R e Bcx s B won 8o B W B 3 er Scn i aon Bus B e Boo i vcn Sace B wd B o Racr 8 sow e non xR icx Sic B sl s R s J 6 B R

L]

A8,
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SR Y )

(e s S Nl O RS o S RS I R o O S 0 B e S R Bt e O R W MR o IRHT s R O A St AN e RS (R ) O - SR Y e %
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i

STO
FOoLL L
5T
CLa
STO
FCL
IDEHT
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ROLLY
ROLLY

5
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GoOTO

1

STO+
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RO
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o

1

be o 3 e N s I v 8 e O v A B
bl vouc 5 NS MY RN
S B i
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e v}
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Example #2 records the contents of the registers specified in X and Y into the first available
file on the primary track. To run the program, firstinsert a tape with at least one empty file of an
adequate size to hold the data. Then enter the number of registers to be recorded in Y and the
starting (lowest) register number in X and press . the program searches the tape,
beginning at file 0, until an empty file of adequate size is found. After the data is recorded, the

file number is printed.
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Load Data

This key is used for both LOAD DATA and LOAD PROGRAM instructions: the file type deter-
mines which operation is done. To reproduce a block of data into a specified area of the
calculator memory, these values must be in the stack:

Starting register number Y
File number — X

The data is loaded, register by register, beginning at the specified register. If the file is not
type 2, or if there are not enough data registers available to hold the data, the operation is
cancelled and an error message is printed. See “Error Detection” on page 79.

A programmed use of the Load Data instruc-

54 e
tion is shown here » BESS Eiw &
The user enters the number of registers to be gedy LLw o
established (Y) and the file number (X) at step ’ zjg;i iti}r_%z;:
0099. The program then establishes the BlES Moy
needed registers and loads the data, begin- Hifg
ning at register 000. g i g’“;"

BiBE

Additional Operations
Verify

VERIFY

This instruction compares the information recorded on a file with the existing program or data
in the calculator memory.

To verify a program file, these values must be in the stack:

Starting step address —Y
File number - X

To verify a data file, these values must be in the stack:

Starting register number —-Y
File number - X

The VERIFY instruction is most easily done directly after a LOAD or RECORD operation, since
the required values are already in the stack.
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If the information in the file is not identical to that contained in the memory, the error message
“VERIFY FAILED"” or “CHECKSUM ERROR” is printed. Neither of these two errors will halt
program operation when program flag 6 is set. In this case, program flag 5 is automatically set
by either error.

An example use of the VERIFY instruction is

gE99 . e
this program segment » gige 2
which compares the data just recorded with @1@% b
the original data. g i g? SHTEE ! ' g ir:?i(u’;q'g?.ta
Bigd4 ECL A
If the recorded data is identical to the original 6185 ECDATAH ]
data, the file number is printed. But if a VERIFY Blaee ;E:FL’ .8
FAILED or CHECKSUM error occurs, then fla E:! 1OF SERIDS
! g &;11@8 IF LFG 5 } 1f verify OK go
5 is set, the program loads the data into the #1689 COT0 A115 ] tostep0nis
next consecutive file, and the new file is ‘?“} 1 - If verify failed,
Bgiizs STO+ =F increment A and
checked. Al113 GDT‘:’ : 61 @5 go to step 0105.
8115 ECL H ]
Biie FIx 5]
8118 PRMT=
giza D
#8121 R
g1z2 T
Blz23 A
Baiz4 o
gigg E& f F DATA IN FILEX.
A S il o ks
Bizy
#4128 F
gizo I
gizg L
8131 E
8132 PEINT
B133 EMDa
134 e

Secure Programs

The RECORD SECURE instruction is a means of recording private programming on tape. The
instruction puts a program into a specified file, like the RECORD PROGRAM instruction,
except that the program is identified as “file type 1" — secured. These values must be in the
stack:

Starting step address -Y
File number - X
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This operation does not affect the current programming in the memory: only the recorded
program is secured. A secured program can be loaded back into the calculator by using a
normal load instruction and then run in the normal way.

Once a secured program is in the calculator, any attempt to list, record, or edit the program
will cause “SECURED MEMORY" to be printed. The user can run, but not see, a secured
program.

NOTE
When a secured program is in the calculator, all other prog-
ramming with it is also secured. Data registers, however,
are not affected.

To clear this secured condition, either erase the memory (set the Program mode and press

(<) ((»)) or switch the calculator off.

MEMORY  DELETE

The Autostart Feature

When the mode switch is set to AUTOSTART, switching the calculator on automatically loads
and runs the program in file 0. The Utility and Test Cartridge uses this feature to automatically

load and run a directory of test programs. This allows you to select and run any test by
pressing just one key.

Operating Hints

Halting the Tape Drive

In general, any tape-drive instruction can be halted by pressing once. An alternate way to
halt the drive immediately is to press the eject bar.

Tape Storage Capacity

The following table lists typical' storage capacities for each track of an HP tape cartridge.
Remember that 8 program steps are required to hold each data register.

'Due to electrical and mechanical variations, the actual capacity for each tape could vary from +9% to —17% of the typical values
given.



Typical Storage Capacities

Size of File in Number of Files
steps (and registers) per Track
Typical Minimum

8 (1)

16 (2)
32 (4) 254 254

64 (8)
128 (16) 246 204
256 (32) 161 134
472 (59) 102 85
1000 (125) 53 44
1500 (187) 37 31
2008 (251) 28 23
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A program is available on the Utility and Test Cartridge to help you to determine your tape
storage needs. To load the program, first insert the test cartridge and press g . Then press:

En@®

To start the program, press .

Now enter the number of files and file size for
each block of files needed, pressing after
each entry. The program computes and prints
the typical percentage of tape (one track)
needed for each block of files. A sample print-

out is shown here »

THPE CAPHCI

SR o

M. 0OF FILES
1
FILE SIZE?

SHE

%

3 3

FILES HEED
18

H. 3% 0OF TRACK

X

£

HO. 0OF FILE!
25

n

(MAY= 254 FILES

FEE TRALCK

HO. OF FILES

FILE SIZE%
Y

FILES MEED
IF

F3.1% OF TRACK

T ‘.i.

£

-
b

Pt
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Master Recordings

Since a vast amount of information can be stored on a single tape cartridge, loss of the tape's
contents (e.g., normal tape wear, physical damage, exposure to a strong magnetic field, or
instrument failure) could be extremely expensive to the user ... both in time and resources lost.
One method of preventing such a loss is to make a duplicate recording of each often-used or
valuable tape, and then store the “master tapes” in a safe place. The practice of making
master tapes should be considered mandatory when tapes are used on a daily basis!

Re-Marking Used Tapes

A tape which is not protected (the RECORD slide is positioned to the right) may be re-marked
by performing the correct MARK TAPE operation (s). If possible, the track should be com-
pletely re-marked by using the auto-erase option (i.e., mark over all existing files), since, if
only a portion of the track is re-marked, the old files which remain may cause problems.

Here are two situations that may occur when old files remaining on a track are not erased. The
first diagram shows the file sequence resulting after a track, which originally contained 20
five-register files, is re-marked with 5 ten-register files. Notice that files 6 through 8 are now
absent! and some of the old files (and their contents) remain.

[T L E L R R e e
‘s
Original Sequence
ENENENERERD
.
New sequence
o I I R 3 3 ) B ) B KB R D K
.

Resulting Files (file numbers missing)

An attempt to use one of the missing files would cause the tape drive to search back and forth
between files 5 and 9. When the missing file is not found after five passes, the operation is
cancelied and “FILE NOT FOUND” is printed.

The next diagram shows the file sequence resulting after a track which originally contained 5
eight-register files is re-marked with 5 four-register files. Some file numbers on the track are
now duplicated.

'The exact number of missing files may vary.
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In some cases this arrangement may cause the tape to go to an old file, rather than a new file
of the same number. For example, if the tape is positioned at file 2, an instruction to use file —4
would use the old file —4!

o= - [« [

-

new files

Recording Special Functions

A complete set of special functions can be recorded into one file by placing an END after the
last RETURN instruction in the last function and specifying the beginning step address of the
first function in the RECORD PROGRAM instruction. Be sure that an END is used after the last
function to be recorded, otherwise, the calculator will attempt to record the rest of the program
memory — until an END is found. ‘
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S

Special Functions

The lower-left block of keys, () through (¢ ), [ 1 1 B
canbe defined to call and runyour own special | _ . .. . =
functions. A summary of special functions is g S g g % % 8 g 2 g :ﬁ
listed below. GISIGIONG) @ PO O o
DO E® OO0 0 &
QI ® OO0 e =

function.

¢ To call the function as a subroutine from a program, use a GOSUB.

eighth nesting level is attempted.

» Each special function is actually a subroutine beginning with a label name (A through O) and
ending with a RETURN. Blank key-overlays are provided for you to identify each defined

¢ To run each defined function from the keyboard, press the corresponding key.

¢ Special functions can be nested seven deep. “GOSUB OVERFLOW'" appears when an

Defining Functions

Each special function key is defined by entering the function steps in the program memory.
Each function must begin with the key's corresponding label name and end with a RETURN

instruction. Any programmable instruction can be used in special functions.

For example, the three hyperbolic functions shown below can easily be defined as special

functions.
Function A = sinh(X) = &-=€ "~ ; e
Function B = cosh(X) = £ X -; e ~X

Function C = tanh(X) = X T 6>
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Each function can be stored anywhere in the program memory. Here are the functions, to-
gether, beginning at step 0300:

Function A Function B
gza6a LEL @312 LEBL
e B e -
BZRz STO A B3l4.5T0. A
B3R &t A315 etTH
padd RCL A H3le RECL A
BIEs +2- BI3L7 +e-
G288 etTH 318 etx
gIa7d - Bai9 o+
BaAg. 2 BIza 2
#8318 FREIHNT Bazz2 PREINT
A311 EETURH AZZ23 RBETUEH
Function C
@zz24 LEL
————
G326 EMTERT
g3z27 etH
Rate STO A
gaagHey
BaIIE +g-
BE31 etH
FRIZz ST0 E
B3a3 -
Aaad. RCL H
B335 RCL B
B336 +
BRE7 =+
B8 PRIMT
B339 RETUREH

Running Functions

To execute each special function from the keyboard, enter the appropriate values in the stack
and press the assigned special function key. The calculator will automatically go to the label
and run the function. When the RETURN is executed, the calculator will reset the program
counter to its original address and halt.

For example, to execute each of the hyperbolic functions from the keyboard, enter a value in X
and press the assigned key.
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First calculate sinh 7 and display the result to four places:

FIX
—IOK

-@(3

Pt
e
(4]
Ju
[xn]
-

Now calculate tanh 1.07:

1.07(¢)

=
-]
8]

)
A

Defined functions can also be called from a program as a subroutine. For example, to call the
sinh(X) function from step 0201 of a program, use one of these sequences:

3]
3 ]
%

]

B EX]

LY
x5

(N ]

facn
LN N
o
(N
Iy
(g
[y
m
D
S 1)
et et 43
ry
@
i)
[l
m
LX)
R
"X}
b

,..
Lnd
£
@
e
X5
X8

b
[
[

In each sequence, the program will return to the next step after the function is executed. If a
GOTO is used to call a function, however, the function will be executed, but the RETURN at the
end of the function will cause “MISSING GOSUB" to appear and halt the program.

Key Overlays

The key overlays supplied with the calculator can be used to identify defined special-function
keys. You can write on each overlay using either a pencil or a ball-point pen. Then place the
overlay over the function keys when the functions are in the memory. A key overlay identifying
the three hyperbolic functions defined earlier is shown below.

To order additional blank key overlays, specify HP part number 7120-4691.
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Nesting Special Functions

Special functions called from the keyboard can be nested seven deep; that is, one function
can call another function, which calls a third function, etc. If an eighth function is called,
however, without first returning to at least the sixth function, the error message “GOSUB
OVERFLOW?” appears and the program halts.

Before calling functions which use nesting, press to ensure that the nesting level is set to
zero. This is because the same device used to remember subroutine return-addresses is used
when special functions are nested.

Special functions called from a program are treated exactly like subroutines and can be

- nested, together with subroutines, to a depth of seven. Again, pressing or executing END
resets the nesting level to zero.

A Program Directory

The following pages show how the special function keys can be used to create a convenient
“program directory” — a means of indexing or calling a program on tape by pressing a single

key.
A part of a directory program which shows the AEGE PRHT
basic sequence for calling programs is shown geEz o
here » izﬂéﬂlﬂ: I
, . ) . ) gead - R
After this program is loaded, (*) is defined to B0AS E
load and run the program in file 1, (+ ) is de- HEke O
fined to load and run file 2, etc. Each function gaas T
. BOBRE 0
loads the new program over the directory, be- AEAs R
ginning at step 0000. A key overlay for these Baipg Y
functions could be used to identify the prog- SRR
ram available via each k g1z L
' a ey aa13 0
Bald H
Bals o
Bale E
gaiy D
gE18 EHDw=

(con't)



The alpha message “DIRECTORY LOADED”
and the STOP instruction are included be-
cause the directory could be recorded on file 0

and automatically loaded and run using the
AUTO START mode.

Load and
Run file 1

Load and )
Run file 2

]
i 38 o}
30 B hom
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oy,
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o
e
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This method of calling programs has one disadvantage: the subroutine nesting level is set
one deep as the function is started; and since the RETURN is not executed, the level remains
one deep when the new program is loaded. This limits the new program to only six levels of

nesting.

An alternate method of writing functions per-
mits calling a function without changing the
nesting level. To do this, begin each function
with two consecutive LABEL instructions and
omitting the RETURN. Here's an example »

Now, when ((+] is pressed, the calculator ini-
tially remembers the current step address but
erases it when the consecutive labels are exe-
cuted; thus, the nesting level remains un-
changed. This latter method is used in many of
the prerecorded programs available from HP.

W
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Appendix 1

Installation Procedure

This appendix contains inspection and installation procedures for your calculator. Procedures on
installing other parts of your calculator system are described in the manuals furnished with each
peripheral or interface.

Inspection Procedure

Each part of your calculator system was carefully inspected before it was shipped to you. All
equipment should, therefore, be free of scratches and should operate properly. Carefully inspect
the calculator, peripheral equipment, cables, etc., for physical damage sustained in transit. Notify
HP and file a claim with the carrier if there is any such damage.

Please check to ensure that you have received all of the items which you ordered and that any
options specified on your order have been instailed in your calculator. Decals located under the
calculator’'s top-cover show the number of any internal option installed. Also check to ensure that
all accessories are present (refer to “Equipment Supplied”).

If you wish to check the operation of all, or part, of your system refer to Appendix 2. Before
running any test, however, be certain that your calculator is properly installed.

If you have any difficulties with your system, if it is not operating properly, or if any items are
missing, contact your nearest HP Sales and Service Office; addresses are supplied in Appendix
2.
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Equipment Supplied

The following items are packaged with each HP 9815A Calculator. Peripheral devices and
interface cards are packaged separately; each of these has its own manual or operating note
and may also have extra items packaged with it.

Standard Calculator Accessories

DESCRIPTION QUANTITY |HP PART NUMBER
Operating Manual 1 09815-90000
Beginner’s Guide 1 09815-90001
Quick Reference 1 09815-90010
Utility and Test Cartridge 1 09815-10004
Data Cartridge (blank) 1 9162-0061
Printer Paper 3rolls (see below)
Program Pad 1 09815-90011
Key Overlays (blank) 6 7120-4691
Utility Programs 1 09815-10000
Power Cord 1 (see next figure)
Spare Fuses:

1.5 A normal blo 1 2110-0043
.75 A normal blo 1 2110-0033
Dust Cover 1 9222-0490
Tape Head Cleaner 1 can 8500-1251

When ordering paper specify six-roll packs, HP part number 9270-0479.
Power cords with different plugs are available for the calculator; the part number of each cord is
shown below. Each plug has a ground connector. The cord packaged with each calculator

depends upon where that calculator is to be delivered. If your calculator has the wrong power
cord for your area, please contact you local HP Sales and Service Office.

8120-135I 8120-1369 8120-1689 8120-1348  8120-0698*

*UL approved for use in the United States of America with calculators set for either 220V or 240V operation.
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Power Requirements

The 9815A Calculator has the following power requirements:

* Line Voltage: The calculator operates from nominal powerline voltages of 100, 120, 200,
and 240 Vac. The range of operation is from —10% to +5% of each nominal voltage. Two
switches on the rear panel enable any one of the four voltages to be selected.

* Line Frequency: The calculator can be operated with any line frequency from 48 Hz to
66 Hz (nominally 50 Hz and 60 Hz).

* Power Consumption: The calculator requires a maximum of 75 voltamps.

Grounding Requirements

To protect operating personnel, the National Electrical Manufacturers’ Association (NEMA) re-
commends that the calculator chassis be grounded. The calculator is equipped with a three-
conductor power cable which, when connected to an appropriate power receptacle, grounds the
chassis. To preserve this protection feature, do no operate the calculator from an ac power outlet
that has no ground connection.

Fuses

The calculator fuse is located under the top cover, as shown in the next figure. The fuse is either a
1.5A fuse for 100 or 120 Vac operation, or a .75A fuse for 220 or 240 Vac operation.

WARNING
TO AVOID THE POSSIBILITY OF SERIOUS INJURY, AL-
WAYS DISCONNECT THE CALCULATOR FROM ITS
POWER SOURCE BEFORE CHANGING A FUSE.

To change a fuse, first disconnect the power cable from the calculator. Then remove the roll of
printer paper and press inward on the fuse-holder cap while twisting it counterclockwise. Now
remove the cap and fuse, remove the fuse from the cap, and insert the replacement fuse (either
end) into the cap. Finally, put the fuse and cap back into the fuse holder, press on the cap, and
twist it clockwise until it locks in place.
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1.

3.

The Calculator Fuse

Initial Turn-On

With the calculator disconnected from its ac power source, verify that the correct cal-
culator fuse has been installed for the powerline voltage in your area (refer to the previous
section).

Next ensure that the two switches on the rear panel are set for the correct powerline
voltage. The figure below shows the correct settings for each nominal line voltage. If it
is necessary to alter the setting of either switch, use a screwdriver to slide the switch
so that the positions of the switches correspond to the desired voltage, as shown in the
second figure.

24|10 220 240 220 2?0 2'20

T
C_1 (I )
100 I 100 0 100
— | S—
N I 0o
100V 120V 240V

Switch Settings for the Nominal Powerline Voltages

Set the power switch, located on the front of the calculator, to the o g (off) position.

Connect the power cord to the power input connector on the rear panel; then plug the
other end of the power cord into a suitable ac power outlet.

Switch the calculator on - ; the display L - L indicates that the calculator is

ready to operate. If any other display appears, or if there is no display, switch the cal-
culator off and turn to Appendix 2, “Service”.
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Appendix 2

Service

This appendix describes uéing the Utility and Test Cartridge (HP Part No. 09815-10004) for
checking operation of your calculator. Also included here are maintenance procedures which
should be done periodically, and lists of peripheral tests and example programs available on
the test cartridge.

Service Contracts

Service contracts are available for all HP calculators and calculator-related equipment. For
further information contact any HP sales and service office.

Calculator Tests

The Utility and Test Cartridge supplied with your calculator contains a complete set of cal-
culator test programs. If any of these tests fails after repeated tries, your calculator requires
service — contact an HP sales and service office for assistance. Office locations are listed on
pages 115-116.

To load and run the test program directory:
1. Open the tape drive door;
2. Slide in the cartridge, so that the label

is right-side-up and facing you; RUTD ':'TFEF'T
3. Set [ ]and am
h o UTILITY & TEST
Switch the calculator off @ and on CARTRIDGE
PR :

FOR CHLC., TE&STS
PRESS f13CRUN}
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4. To run the test programs, press: QRIS CALCULATOR
TEST EXERCISER
(1) FROGRAMS

5. If the calculator has 2008 program
steps (Option 001), press:

00

ZBRE FRGH STERS?

If you wish to run any test (except
“Keyboard”) continuously, press

@ before pressing the indi-
cated key.

If the calculator has 472 program steps éfégi
(basic memory), press: o
6. After this directory is printed # FEESZ 0OHE OF
T LRI HD
select the test by pressing the indi- }i‘_?EI:'Fi_LWLULIHL:
cated key. Then compare your results o
with the following descriptions. Typical
running times are listed with each. e _
unning t EEY TEST
A DISPLRY
Each test, except the Memory test, E FEINTEER
runs once and halts. The Memory test g ;;g;&:z,mﬁ:g
runs continuously until the calculator is E ?'1‘2_"7? ngy
switched off. F COMFLETE

NOTE ‘
If MEMORY OVERFLOW is printed after the directory, the
wrong memory size was indicated in step 5. Return to step 3
and reload the directory program.
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(start)

) ) \J ) ) 4 4 ' W 4 g N N )
D) O] (] D [y () O} . k] (x|
Oy O [ [ [y O [y . ]
2 R ) I [ [ [ . o
aw (] (] O [nn ] [ R . - 3
123 O D I ) [ [ . - o
12 R (R L U R R . - oy
123 o () ] (] ROn O] . _ - o
D ] D R [y [ [ . x - iR o
D | O 0o o ] I . s - = o
(] [nw [n(w O (] 2 (] . = - S oy
[ [ (O R Dy LN o3 . - o o
o (] [ [ [ (n o . - M o
) (O ( [ ] I o . - o
o] (ol el | es] | ol | ea] [eS . . _ S
(] Rn | o ] R R [ . - I
] ] ] D R Du [nu . - o B [

W, \ _J \. W \ J \. J \ w \. J \. J \. v e/ \. J \ J

When the test is run continuously, n indicates the number of completed tests. Press once

Run this test to check each display digit and segment. The display sequence is shown below.
to halt the test.

The test is complete when 0 (n) is displayed.

() Display Test (30 seconds)

(end)
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() Printer Test (25 seconds)

Compare your printout with the sample shown
here »

Check for missing or extra dots (the print de-
nsity will not be completely uniform). Also
check the length of the solid block of dots.
When 0 is displayed, the test is complete.

blank <

about 10cm

(4inches) ] . -

When the test is run continuously, the display :

indicates the number of completed tests. Press

once to halt the test. 11l
r

o

16 "
characters

2 Keyboard Test (1 minute)

This test checks each key and switch on the calculator keyboard. After pressing (=), wait for
the tape drive to halt. Then set:

PRINTER

RuN oFF RUN !
AUTO AuTo
START A START [}
PRGM NORM PRGM

After 1 is displayed, press each key once in the order shown by the next figure. The display
increments as each key is pressed, indicating the next key to be pressed. If a key is pressed
out of sequence, or if a key is defective, FAIL n is printed. n indicates either the correct key to
press or the defective key. And, if FAIL n is not printed when a key is pressed continuously,
that key is defective.




START

-0 O 6]
q@@@@@
EBRTBREIRERIRED
q@@
EBRCIRCIRCINED

HEOHHEHO

a@@a@

OJO0J010

OJONO010
O

Keyboard Test
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CeJ Cs)
Cs) ()
?
(o) Ca)

. . . oo _ -
The final display is # L LT o

[

y

) 1

£

gy
\—/

Now set s"r‘:‘."fﬁ and the test is complete.

PRGM

If FAIL nis printed repeatedly, restart the test by switching the calculator off and return to step

3 on page 107.

() ROM Test (3 seconds)

This test checks all read-only-memories in the
calculator and in any interfaces plugged in.

The correct displays are » (

When the test is run continuously, n indicates
the number of completed tests. Press FH55]

once to halt the test.

If FAIL nis displayed, switch the calculator off, disconnect all interfaces and run the test again
(return to step 3 on page 107). If the test still fails, the calculator requires service. If a failure
occurs only when an interface is plugged in, however, that interface is defective.
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(=) Memory Test (5 seconds)

This test checks every step of the program
memory. The correct displays are » L ________________
When PASS is displayed, the test is complete.

This test runs continuously until either is ( [y J
pressed or the calculator is switched off. To

run another test, reload the directory (see step
3 on page 107).

If FAIL n is displayed, the calculator requires service.

() Complete Exerciser (1 minute)

This key automatically runs the Display, Printer, ROM and Memory tests, one at a time (see the
foregoing descriptions). Then the Memory test is automatically repeated until the calculator is
switched off.

Cleaning the Calculator

The calculator can be cleaned with a soft cloth dampened either in clean water or in water
containing a mild detergent. Do not use an excessively wet cloth or aliow water to get inside
the calculator. Also, do not use any abrasive cleaners, especially on the display windows or
the tape-drive door!

The air filter should normally be cleaned about every three months. To clean the filter, first turn
the calcuiator off. Then remove the filter and either hold it under running water, or wash it in
warm, soapy water, followed by a rinse in clean water. Dry the filter throughly before replacing
it.

Cléaning the Tape Head

The tape head in the tape drive should be cleaned after every eight hours of tape operation. A
procedure is described on page 79.
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- Loading Paper

The printer uses special heat-sensitive paper. When ordering paper specify HP Part No.
9270-0479.

To load a roll of paper:
1. Lift the calculator top cover and remove the metal spindle. When replacing an old roll,
discard the old paper core and remove any paper left in the printer.
2. Install the new roll as shown below.
3. Insert the free end of the paper as shown and advance it slowly through the printer
using the thumb wheel.

If the paper catches and folds up under the printer window, remover the window (see below)
and straighten the paper into its intended position. Then replace the window.

Loading Paper

Removing the Printer Window
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Peripheral Tests

The Utility and Test Cartridge has programs for checking operation of each calculator
peripheral and its interface card. If any procedure cannot be completed successfully after

repeated tries:

1. Disconnect the interface(s) from the calculator and verify calculator operation by

running the ROM and Memory Tests (see page 107).

2. Connect one peripheral interface at a time and run the associated test.

3. When you find the test that fails repeatedly, contact the nearest HP sales and service
office for assistance (see the following pages).

Here is a list of peripheral tests, showing the manual in which user instructions are described.

Peripheral Test: File: For Instructions See:

HP 9862A Plotter: 98132A Plotter Interface

Accuracy Test -12 Operating Manual

Performance Test -13
HP 9863A Tape Reader -17 Operating Note, P/N 098134-90011
HP 9864A Digitizer -18 Operating Note, P/N 098134-90012
HP 9866A Thermal Printer -19 Operating Note, P/N 098134-90013
HP 9871A Printer -21 98131A Printer Interface Operating

Manual

HP 9883A Tape Reader -23 Operating Note, P/N 098134-90014
HP 9884A Tape Punch —24 Operating Note, P/N 098134-90015

Example Programs

Some of the example programs described in this manual, and in the interface operating
manuals, are recorded for your convenience on the Utility and Test Cartridge. Here is a list of
the example programs and the page (or other manual) where user instructions are given.

Program: File: For Instructions See:

Tape List —40 page 84
Tape Capacity -4 page 93
Calendar —42 page 49
Combinations (N!) —-43 page 56

HP 9862A Plotter: 98132A Plotter Interface
Y = X2 Plot —45 Operating Manual
Lettering Program —486
Sin X/X Plot —-47
Sample Data for Digitizing —48
Complete Digitizing —49

HP 9864A Digitizer: Operating Note, P/N 98134-90012
Document Alignment =50
Basic Digitizing -51
Line Length and Area -52

HP 9866A Thermal Printer: Operating Note, P/N 98134-90013
Math Table —55

HP 9871A Printer: 98131A Printer Interface
Math Table —56 Operating Manual
Y = X2 Plot -57
Sin X/X Plot —58
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SALES & SERVICE OFFICES

UNITED STATES

ALABAMA

8290 Whitesburg Dr., S.E.

P.0. Box 4207

Hunteville 35802

Tel (205 881-4591
726-2204

dlcal 0 nly
228 W. Valley Ave.,
Room. 302
Blvmlgghnm 35208
Tel: (205} 879-2081/2
ARZONA
2336 E. Magnolla St
Phoenix 85034
Tel: (602) 244-1361
TWX: 910-951-1331
2424 tast Aragon Rd.
Tucson
Tel: (602) 889-4661

*ARKANSAS
Elediul Service Only

5
Tei: (501) 664»8773

;430 East Oraggnnnrpe Ave.
Tel: (714) 870-1000

9606 Aero Drive

o
Tel: (%’szazoo
TWX: 910-335-2000
Calculators Onl
601 California St.

San Francisco 94108
Tel: (415) 989-8470

COLORADO
5600 South l.llaster1 ll;arkway

Engl
Tel: (303 771-3455
TWX: 910-935-0705

CONNECTICUT
12 Lunar Drive

New Haven 06525

Tel: (203) 389-6551

TWX: 710-465-2029

FLORIDA

P.0. Box 24210

2806 W Qakland Park Bivd.

derdale 33307

(305&'731 -2020

'.Ilclu ville
Medical Service only

ILLINOIS

5500 Howard Strest

Skokie 60076

Tek: (312) 677-0400

TWX: 910-223-3613

*St. Joseph

Tel: (217) 469-2133

INDIANA

7301 Norm Shadeland Ave.
46250

India
Tel: (31 842 1000
TWX: 810-260-1796

IOWA
1902 Broadw

fowa City 52240
Tol: (319) 338-9466
Night: (319) 338-9467
“KANSAS
Tel: (316) 267-3655
LOUISIANA
P.0. Box 840
3239 Wdllams Boulevard

70062

el (504 721-6201

MASSACHUSETTS
32 Hartwell Ave.

Lexington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICHIGAN
23855 Ressarch Drive

Farmington 48024
Tel: (31’%476-6400
TWX: 810-242-2900

MINNESOTA
2400 N. Prior Ave.

Tal (612 636-0700
TWX: 810-563-3734

lf'ISSISSIPPI

ackson
Medical Service onl
Tel: (601) 982- 936;

MISSOURI
11131 Colorado Ave

Tei (81 67’;! 8000
TWX: 910-771-2087

148 Weidon Parkway
hts

156 Wyatt Drive
Las Cruces

Tel: (505) 526-2485
TWX: 910-983-0550

NEW YORK
6 Automation Lane
Compu(or Park

Tsl (5(8& 458 1550

TWX: 710-441-8270
Calculators Only

1251 Avenue of the Americas
Fioor 32 - Suite 3296

York cn! 10020
Tel: (212) 265-5575
New York Chy
Manhattan, Bronx
Contact Paramus. NJ Otfice

ﬁon 265-

Broo lyn, Queens Richmond
ontact WDodbury, NY Office

Tol {516) 921-0300

201 South Avenne

Tel: &14&_4

248-0012

330 Progress Rd.
D 45448

Tel: (513 859-8202
59-1925

10:.1 Kmqsmlll Parkway
Tel: 1614) 4364041

NOII
P 0 Box 3. »
Tel (40 & 721-‘(%00
-830-6862

OREGON

17890 SW Boones Ferry Road
Tualatin 97062

Tei: (503) 620-3350

TWX: 910-467-8714

PENNSYLVANIA
111 Zeta Drive

Pittsbui 38
Tel: (412')';‘82 0400

“ﬁ 782-0401
X: 710-795-3124

1021 8th Avenue
Kma of Prussia Indusmal Park

Service 115

P.0. Box 27409
6300 Westpark Drive
Sm

7027
Tel: (713 751-6000
TWX: 910-881-2645
205 Billy Mnehell Ruad
San A

ntonio
Tel:. (512) 434- 8241
TWX: 910-871-1170

UTAH
2890 Suum Main Strest
it Lake Clty 84115

Tel (801) 487-0715
TWX: 910-925-5661

VIRGINIA

No. 7Koger Exec. Center
Suite 212

Norfolk 23502

Tel: (804) 497-1026/7

P.0. Box 9854

2014 Hungarg Springs Road

Tel (504&_285-3431
956-0157

39 Saginaw Drive
) 4 ind th 63043
TWX: 910-592-1288 Tel: (904) 725-6333 w;x & 955552 7::74& 567- 455 ?.‘."m 473‘3500 Ta”’é’”&%ﬂ%% WASHINGTON
3939 Lankershim Boulevard P.0. Box 13910 ModlmI/Calculator only 520333"'1“1"“9"%0; Pk.
North Holl 1604 8177 Lako Ellonur Dr. 8003 Troutwood Court NEBRASKA sasa Em Mo" Rm SOUTH CAROLINA Bellevue 93004
Tel: (213) 877-1282 Orlal Loulsvilie 40291 Medical Onl) 6941-0 N. Trenhoim Road "
TWX: 910-498-2170 o309 350 700 Tef (502) 4264341 11902 Eim Street Tel 1315 4552435 Columbia 29260 T2 asat
8305 Arizona Place TWX: 810-850-0113 HAlRVLAND Suite ‘C ostad & Tel: (803) 7826493 WE.ST
Los Angeles 90045 ght St. Omaha - VIRGINIA
Tob 1) edszaty é}g:??' :""“;'2:;1 8707 Whiesione Roag Tel: (402) 333-6017 ; C’“.‘.'"f? 1"1‘7"9‘7‘””‘ TENNESSEE Nedicalanalyical Oy
: - sacola NEW JERSEY Tol: (516) 921-0300 u: Somce onl "
jLos Angeles Tel: (904) 434-3081 Tod20n) 4500 W 120 Century A T ab231 5168 T @01 3rerers Tel: (304) 345-1640
‘ GEORGIA Parsmus 07652 “Nashville WISCONSIN
3003 Scott Boulevard P.0. Box 28234 aﬁwﬂ"{%‘“d Tel: (201) 265-5000 y%ﬁg‘: gﬁngA Medical Service only 9431 WA Beloit Road
Santa Clara 35050 450 Interstate North To: (301) 946-6370 TWX: 710-990-4851 1923 North Main Street Toi: (5‘5) 244-5448 Sut
Tor. 1408) 2457000 Atianta TWX: 710-828.9685 NEW MEXICO High Polrt 27262 Wikes 55227
T:IIX 91 33&-0518 Tel: (4014 ‘7353.:%098 710-828-0487 P.0. BOE 11634 }wst‘%_gazﬁ}% PO Box 1270 Tel: {414) 541-0550
N Stati :
Tel: (714) 446-6165 ;-gﬁ Bkoxc‘m Road 1,3‘;’({‘Lomas B, . 2015 hrapaho Ao FOR U.S. AREAS NOT LISTED:
2220 Watt Ave. 2375 30 Kln Slrest i "%gw“ 1, %ﬁg:}% s Road Tel (21 o101 Conu? the vg'nnal oéﬂce
Sacramento 95625 Honolulu o 1301 948-6370 “' ‘ oz '?30 Cleveland 44130 10-867-4723 ot avwoon. Gaigomae-
Tot. (816) 4821463 ol (808 9554455 826-9684 -989-1185 Tel: (215) 243-7300 Rockvillo, (4 Choks Cherry Rd.)
Night: 243-7305 Maryland.._Skokie, lilinois.
TWX: 810-423-9431 Their complete addresses
are listed above.
*Service Oniy
ALBERTA BRITISH COLUMI MANITOBA NOVA SCOTIA ONTARIO QUEBEC Hewlett-Packard (Canada) Ltd.
Hewlett-Packard (Canada) Ltd. Hewlett-Packard (Canada; Lid.  Hewiett-Packard (Canada) Ltd. Hewlett-Packard (Canada) Ltd. Hewlett-Packard Canada) Ltd.  Hewlett- Packard (Canada) Ltd. 2376 Galvam Street
11748 ngsv]t’asy Ave. 837 £. Cordova Street 513 Century St. Windmill Road 1785 Woodward 275 Hymus Bivd. orx 1N 4G4
Edmonton TSG 0X Vancouver V6A 3R2 St. James artmouth B3C 1L1 wa 0P9 Polnlc Clnln H9R 167 Tal (418) 688-8710
Te: (wa 452-3670 Tel: (604) 254-0531 Winnipeg R3H 0L8 Tal: (902) 469-7820 Tel: 1313& 25-6530 Tel: (514) 697-4232
531-2431 TWX: 610-922-5059 Tel; (204) 786-7581 62-8968 10-422-3022
TWX: 610-671-3531 TLX: 05-821521 HPCL

Hawlen Packard (Canada) Lxd
915-42 Avenue S.E. Suite 102

Cal T26 121
Tei: (403) 287-1672

Hawlen Packard (Canada) Ltd.

Gomvay Dnve

Iel l4 6

FOR CANADIAN AREAS NOT LISTED:
Contact Hewlett-Packard {Canada)
Ltd. in Mississauga.

CENTRAL AND SOUTH AMERICA

ARGENTINA

Hewlett-Packard Argentina
S.A.Cel

Lavalle 1171-3° Piso

Buenos Aires

Tel: 35-0436. 35-0627, 35-0341
Telex: 012-100!

Cible HEWPACK ARG

BOLIV

Shmbuk & Mark (Boiivia) Ltda.
Av. Mariscal, Santa Cruz 1342
La Pux

Tei: lDG?S 53163 52421

Telex:
Cable: BUKMAR

BRAZIL
Mowlon Packard Do Brasil
1.E.C. Ltda.
Rua Frei Canoca l 152-Bela Vista
1307-Sd0 Paulo-SP
Tet: 283-71-11. 287-61-20.
287-61-93
Telex: 309151/2/3
Cable; HEWPACK Si0 Paulo

" gvget{ -Packard Do Brasil
Praca Dom Feliciano, 78-8°
andar ;Sala 60618)
9000-Porto A

Tel: 25-84-70- 3 ?
Cable: HEWPACK Pérto Alegre

Howlm Packard Do Brasil
L.E.C. Ltda.

Rua Sigueira Campos, 53, 4°
andar opacaba a3
2000-Rio de Janeiro-GB
Tel: 257-80-94-DDD (021
Telex: 2100 79 HEWPAC!
Cable: HEWPACK

Rio de Janeiro

CHil

Calcagni y Metcalfe Ltda.
Calle Lira 81, Oficina §
Ca SI||I 118

Tei: 3
Cahlo CALMET

C

Instrumentacion

Henrik A. ungobaak & Kier S.A.
Carrera 7 No. 48-59

Apanado Mvoo 6287

Tel 45- 75-06 45-55-46
Cable: AARIS Bogota
Telex: AMOOINS co

Clonr ﬁca Costarrloensc S.A
Aparl o 10159

o“
Tel 2
Cable: GALGUR San Jos¢
I%IEIATEHALA
Avenida La Reforma 3-48,
Zona 9

Gu:
Tel: 63627, 64786
Telex: 4192 TELTRO GU

MEXICO

sowlm -Packard Mexicana,
Torres Adaiid No. 21, 11° Piso
Col. del Valie

Mexico 12, D.F,

Tel: (905) 543-42-32

Telex: 017-74-507
Hewilett-Packard Mexicana,

S.A dsCV.

Ave. Constitucion No. 2184
Monter: L.

Tek 48-7’1.«%2. 48-71-84
NICARAGUA

Roberto Terén G.
Apartado Postal 689
Edil T 4

l. 3452
ROTERAN Managua

PANAMA
Elammmcu Balboa, S.A.
.0. Box 4929

Calle Samuol Lewis
uldad 50'0 Panama

1: 64-27(
Telex 3431103 Gurumia

Canal Zon:
Cable: ELECTRON Panama

PARAGUAY

Z.J. Melamed S.R.L.

Division: Aparatos y Equipos
Medicos

6

Division: Apara(os y Equipos
Scientificos y

Invesllaacwn

P.0. Box 676

Chile, 482 Edificio Victoria

Asu
Tl: 4- 5069 4-6272
Cabie: RAMEL

PERUV

Compafia Electro Médica S.A.
Ave. Enrique Canaval 312
San Isidro

Casitla 1030

Lima

Tel: 22-3900

Cable: ELMED Lima
PUERTO RICO

San Juan Electronics, Inc.
P.0. Box 5167

Ponce de Ledn 154

Pda. 3 PTA de Tierra

San Juan 00906

Tel: (809) 725~3342 722-3342
Cable: SATRONICS San Juan
Telex: SATRON 3450 332

URUGUA

Pablo Ferrauuo S.A
Comercial e industrial
Avenida ltalia 2877
Casilla de Correo 370
Montevideo

Tel: 40-3102
Cable: RADIUM Montevideo

VENEZUELA
HeAwIen-Packard de Venezuela

Apartado 50933
Edificio Segre
Tercera Transversal
Los Ruices Norte
acas 107
Tel: 35-00-11
Telex: 21146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:
Hewlett-Packard

Inter-Americas

3200 Hillview Ave.

Palo Alto, California 94304

Tel (415 493-1501

1260
Cable HEWPACK Palo Alto
Telex: 034-8300, 034-8493



116 Service

EUROPE

AUSTRIA

Hewlett-| Packard Ges.m.b.H.
Handelska 52/3
P.0. Box 7
A |2

05 Vienna

el (0222) 33 66 06 to 09
Cahle: HEWPAK Vienna
Telex: 75923 hewpak a

ELGI
Hemen Packard Benelux

Avanue de Col-vert, 1,
gGroenkmglan)

s
Tel: (02) 672 22 40
Cable: PALOBEN Brussels
Teleu' 23 494 paloben bru

Hewlen Pickard AS

Telex: 166 40 hp as
Hewlett-Packard A/S
DK-S500 Sikaborg
Tet: (06) 82 71 66

Telex: 166 40 hp as.
Cable: HEWPACK AS

FINLAND

Hewlett-Packard Oy
Nahkahousuntie $

P.0. Box 6

>F 00211 I;?Illnkl 21
Clblu HEWPACKOY Heisinki
Telex: 12-15363

FRANCE
Hewiett-Packard France
Quartier de Courtabosuf
Boite Postale No. &

Tel. (1) 907 79,25
Cable: HEWPACK Orsay
Telex: 60048
Hewlett-Packard France
Agence Régional

Chemin uas Mouilles
Boite Postale No. 12

F-69130 Ecully
Tel: (78) 33 81 25,

Hewlett-Packard France
Agence Régionale

Centre d'aviation qénérale
F-13721 Atrop

Tel: (91 89 12 36
TWX: 41770 F

Hewlett-| Packzrd France
ence Régional
, Avenus de Rochesler
F 35000 R nnes

7491
Telcx 4 912 F
Hewilett-Packard France
ence Régionale

, Aliée de la Robertsau

000 Strasbou ?
Tel (88) 35 23 20/2

Telex: 89141

Cable: HEWPACK STRBG
Medical/Calculator Only
Hewlett-Packard France
Agence Régionale
Centre Vauban
201, rue Colbert
Entrée Az

F-59000 Lille
Tel: (20) 51 44 14

GERMAN FEDERAL REPUBLIC

Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Barnarstrasse 117

Postach 560 140

0-5000 Frankfurt 56

Tel: (0611) 50 04-1

Cable: HEWPACKSA Franidurt
Telex: 41 32 49 fre
Hewlett-Packard Gmbu
Technisches Buero Boblingen
Herrenburqurstrasse 110

TeI 1070 )

Cable: HEPAK Bdhlmqen
Telox: 72 65 739 bbn
Hewlett-Packard GmbH
Technisches Buerc Disseldorf
Voge!sanuer Weg 38
0-4000 Dusseidort
Tei: (0211) 63 80 31/5
Telex: 85/86 533 hpdd d

Hewlett-Packard GmbH
Technisches Buero Hamburg

n Wumemher\]

Hewlett-Packard GmbH

Technisches Buero Hannover

Mellendor'er Strasse 3
D-3000 Hannover-K

Tui (08191} 55 60 46

Howletl Packard GmbH
Technisches Buero Nurumbero
Hursbruckerslrasse 42

D-8500 Nurem!
Tet: (0911) 57 10
Telex: 623 860
Hewlett-Packard GmbH

Technisches Buero Milchen
Unterhachinger Strasse 28
ISAR Center

2 Ottobrunn
Tel: (089) 601 30 6177

: 52 49 85
Cable: HEWPACKSA Miinchen
(West Berlin)
Hewlett-Packard GmbH
Technisches Busro Berfin
Keith Strasse 2-4
D-1000 l.d

Tel: (030) 24
Telex: 18 34 05 hpbln d

GREECE
Kostas Kara) anms
Ia Ermou

126
Tei 3230-: gooa Sales/SV!

Telex: 21 59 62 rkar or

Hewlett-Packard S.A
Medlterranean & Widdle East

Gg Kolokotrom Street
Platia Kefaliariou
Gr-Kifissia-Athens
Tel: 8080337, 8080359,

3080 29, 8018693

x: 21 6588

Cable' HEWPACKSA Athens
Anal

Marni 17

GR - Athens 103

Tel: 521 915

Cable: INTEKNIKA
Telex: 21 5329 INTE GR

ical Only
“IN ECO G. Panamanassnou & Co.

IRELAND
Hewlett-Packard Ltd.
King Strest Lane
Winnersh, Wokin%nam
GB-Berkshire RG11 5AR
Tel: Wokingham 784774
Telex: 847178/848179
Hewlett-Packard Ltd.
“'The Graftons™
Starnford New Road
GB-Altrincham, Cheshire
Tel (061) 928-9021
668068

Hewlen Packard taliana §.p.A.
Via Amerigo Vesnuccl 2
1-20124
Tel: (2) 6251 (10 lines)
Cable: HEWPACKIT Milan
Telex: 32046
Hewlett-Packard Italiana S.p.A.
Via Pigtro Maroncelli 40
(ang Via Visentin)

Padova

Tel: 66 40 62/66 31 88
Telex: 32046 via Milan
Medical Onl) {a
Hewlett-Packard Mtaliana S.p.A.
Via Medaglie d'Oro, 2
1-56100 Ill
Tel: (050) 2
Telex: 32046 VII Mllan
Hewlett-Packard S.p.A.

la G. Armoihm |o

-00143 Rome-|
Tel 16) 5912544/5
Telex:

Cable: HEWPACKIT Rome
Hewlett-Packard Italiana S.p.A.
Via San Quintino, 46

1-10121 Turin

Tel: 53 82 64/54 84 68

Telex: 32046 via Mitan
Medical/Calculators Only
Hewlett-Packard Italiana S.p.A.
Via Principe Nicola 43 6/C
1-95126 Catania

Tel: (095) 370505

LUXEMBURG
Hewlett-Packard Benelux
SAMNV.

Avenue de Col-Vert, 1,

NETHERI
Hewlett-| chkzrd Bendux NV.
Weerdesmn 17

ox 7825

mrd-
Tel (020) 5411522
Cable: PALOBEN Amsterdam
Telex: 13 216 hepa ol .

NORWAY
Hewlett- Packard Norge A/S
Ncsvelen

N-IS“ Haslum
Tel: (02) 53 83 60
Telex: 16621 hpnas o

POLAND

Analytical/Medical Only

Hewlett-Packard

Wars:lw Technical Office
it

Tolax 812453

PORTUGAL

Telectra-Empresa Técnica de
Equipamentos Eléctricos S.a.r.1.
l;ua Rodrigo da Fonseca 103

Cablg 'RELECTRA Lisbon
Telex:

Mundmler

Intercambio Mundial de Comércio
Sarl Avenida Antonio Augusto
de Aguiar

P 0. BOX 2761

TQl: (19 §3 21 3177
Cable: INTERCAMBIO Lisbon

SPAIN

Hewlett-Packard Espafiola, S.A.
Jerez No. 3

E-Madrid 16

Tel: (1) 455 28 00 (10 lines)

Nawleﬁ Packzm Espaﬂoll SA
Milanesado 21-23

rcelons 17
Tei: {3) 203 6200 (5 lines)
Telex: 52603 hpbe e

Hewlett-Packard Espanola S.A
Edmcln Albla nr

Tel 23 63 06/23 82 06
Calculators Only
Hewlett-| Packard Espafioia S.A
Alvaro Bazen, 12
EEMIC") Luz)

- Valencis - 10
Tel: 60 42 00

SWEDEN
Hewlett-| Packzrd Svenqa AB
Em hetsvagen

1 Bromma 20

Tel (08) 730 05 50
Cable: MEASUREMENTS

Stockhoim
Telex: 10721
Hewlett-Packard Sverige AB
Maqikarsgz n 9C
$-431 41 Moindal
Tel: (031) 27 68 00/01
Telex: Via Bromma

SWITZERLAND
Hilett-Packard (Schwuz) AG
Zircherstrass

Box 64
CH- 8952 Schheren Zurich
Tel: (Uu
ble:

Telex: 53933 hpau

Telex: 27 333 hpsa ch

TURKEY

Telekom Engmﬁennq Bureau

iaql»k SokaN 151
aspasa-Be,

;:0 l’Box 43?0 eyogiu

Cable: TELEMATION Istanbu

UNITED KINGDOM
Hewlett-Packard Ltd.

King Street Lane
Winnersh, Wka ham
GB-Berkshire RG11 5AR

Hewlett-Packard Ltd.

0 Makro
South Service Wholesale Centre
Amber Way
Halesowen Industrial Estate
GB-Halesowen, Worcs
Tel: Birmingham 7860
Hewlett-Packard Ltd.
4th Floor
Wedge House
799, Lundon Road
GB-Thormon Heath CR4 6XL,

Tel: %1) 684 0105
Telex: 946825
Hewlett-Packard Ltd.
/o Makro
South Service Whoiesale Centre
Wear Industrial Estate
Washingt on

B-New Town, County Durham
Tel: Was'mnnlon 464001 ext. 57/58
Hewlett-Packard Ltd.'s registered
address for V.A.T. purposes

70 Flnsbu? Pavement
Lond

Registered No 890597

USSR

Hewlett-Packard USSR

¢/o Commercial Office
American Embassy (Box M)
A-1091 Vienna, Austria
Tel: 221-79-71

Telex: 7825 hewpak SU

YUGOSLAVIA

!
Iskra-Standard/Hewiett-Packard
Topniska 58/3

61000 Ljubijana
Tel: 315-879/321-674
Telex: 31300

Wendenstrasse 23 Medical Only Hewlett-Packard Espafiola, S.A. Tel: Woki nam 784774 SOCIALIST COUNTRIES
Lable: HEWPACK Ecully -2000 Hami N ol Ltd. g‘;ﬁ',""'m"a"’ Av Ramon y Cajal, 1 Telex: 847178/848179 PLEASE CONTACT:
Tl (049) 24 13 52, Skoufa Street Edmclo S:vnllal planta 9° Hewlett-Packard Ltd Hewlett-Packard $.. A
Hewlett-Packard France Cable: HEWPACKSA Hamburg A - 5 Tel: (02) 67: E-Sew e Graft i 7, rue du Bois-du-Lan
Agence Régionale Teiex: 21 63 032 hph 8 Tel 625,572 Gale: ;’;W“" s ol 64 44 54/59 smﬁmr'i Now Road P.0. Box 345
Avenue Clémaﬂ‘(1 Ader Cable: ETALAK Athens GB-Aitrincham, Cheshire CH-12‘7r:M)’I'II| 1 Geneva
1770 Cotomiere Telex: 21-4693 ETAL GR Tar (081 938 8021 T getan
Tl (61) 78 1155 Telex: 668068 Cable: H WPACKSA Ganeva
Telex: 51957 Telex: 2 2
AFRICA, ASIA, AUSTRALIA
ANGOLA HONG KONG Blue Star Ltd. Yokogawa- HMetl Packard Ltd. NEW ZEALAND SINGAPORE UGANDA
efectra Schmidt & Co.(Hong Kong) Ltd. 1-1-1171 Tanigawa Building Hewlett-| Pacerd (N 7). Mechanical & Combustion Uganda Tele-Electric Co., Ltd
Empresa Técnica de P.0. Box 297 Sarojini Devi Road 2-24-1 Tsuruyz chn 94-96 Dixo Engineering Company Pte.,  P.0. Box 4449
qulpamenlcs Connalight Centre ut abad 500 003 Kanagawa-ku P.0. Box J )
Eléctricos, S.A.R.L 3! oor Tek 76391, 77393 Yokohama, 221 councna Place, 10/12 Jalan Kilang T 279
R. Barbosa Rodrigues, 42-1°DT.>  Connaught Road, Central Cable: BLUEFROST Tel: 0453121252 ellington Red Hil Indnsmal Estate Cable: COMCO Kampala
Caixa Postal, 6487-Luanda Kong Telex: 459 Telex: 382-3204 YHP YOK Tel: 59-559

Tel: 35515/6
Cable: TELECTRA tvanda
AUSTR:

annull Packard Australia
31- 4‘ Jascp Street
Blackburn, Victoria 3130
Tel: 89-6351, 89-6306
Telex: 31-024
Cable: HEWPARD Melbourne
Hewlett-Packard Austratia
Pty. Ltd.
31 Bridge Street

mble,
New South Wales, 2073
Tel 449-5

Cabie HEWPARD Sydney
Herﬂ Packard Australia

97 Churcmll Road

5082
Snum Australia
el:-44 8151
Cable: HEWPARD Adetaide
Hewlm Packard Australia
141 Snrlmq Hit hway
Claremont, »74

Tel: 86-5455
Telex: 93859
Cable: HEWPARD

Hewilett-Packard Australia
. Ltd.
121 Wollongong Street
Fyshwick, A.C.T., 2609
Tel: 85 3733
Hevllen Packard Australia
St Floor
Teachers Union Building
495-499 Boundary Street
Spri 1.5‘:" 4 Clueensland

Telex: AA-42133
United Electvicals Lta.
P.0. Box 681
60. Park St.
lombo 2
Tel: 26696
Cable: HOTPOINT Golombo
CYPAUS
;promcs
Gregonns !. Xenopoulos Rd.
P.0. Box 1
CY-Nicosi
Tel; 4562!/29
Cable: KYPRONICS PANDEHIS

H
Tel 40158 232735
Cable SCHMIDTCO Hong Kong

Blue Stav L.

Kasturi Buildings

Jamshedii Tata Rd.
0

Tel: 29 50 21
Telex: 3751
Cable: BLUEFROST
Blue Star Ltd.
as
414/2 Vir Savarkar Marg
Prabhadevi
Bombay 400 025
Tol: 45 78 87

Telex: 4093
Cable: FROSTBLUE

Blue Star Ltd.

Cable BLUESTAR
Blue Star Ltd.
14/40 Civil Lines
Kampur 208 001

Tel: 6 88 82
Cable: BLUESTAR
Biue Star Ltd.

7 Hare Street
P 0 Box 506

Tel 23 0131

Telex: 655

Cable BLUESTAR
Blue Star Ltd.

Blue Star House,

34 Ring Road

Laipat Nagar

New Delhi 110 024
Tel: 62 32 76

Telex: 2463

Cable: BLUESTAR
Blue Star Ltd.

Biue Star House
11/11A Magarath Road
Blnrlm 560 025
Tel: 55668

Telex: 430

Cable: BLUESTAR
Blue Star Ltd.
Mseakshi Mandiran

xxx/1678 Mahatma Gandhi Rd.
Cochin 682 016 Kerala

Blue Star Ltd,

23/24 Second Line Beach
Madras 600 001

Tel: 23954

Telex: 379

Cable: BLUESTAR

Blue Star Ltd.

Nathraj Mansions

2nd Floor Bistupur
Jlmshcdpur 831 001

1: 38 04
%able BLUESTAR
INDONESIA
BERCA Indonesia P.T.
P.0. Box
.1’5( Floor JL, Cikini Raya 61
55038 40369, 49886
Toisx 2895 Jakarta

Multi Corp Internationat Ltd.
Avenue Soraya 130
P.0. Box 1212

‘oher;
Tel: 83 10 35-39
Cable: MULTICORP Tehran
Telex: 2893 mci tn

ISRAEL
Electronics & Engineering

Div. of Motorola Israel Ltd.
17 Aminadav Street

Tel-Aviv

Tel: 36941 (3 lines)
Gable: BASTEL Tel-Aviv
Telex: 33569

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Ohashi Building

1-59-1 Yoyogi

Shibuya-ku, ckr;

Tel: 03-370 -2281/92

Telex: 232-2024Y

Cable: VHPMARKET TOK 23-724
Yokogawa-Hewlett-Packard Ltd
Nisei Ibaragi Bldg

2-2-8 Kasuga

1baragi-Shi

O

saks
Tel: (0726) 23-1641
Telex: 5332-385 YHP 0SAKA
Yokogawa-Hewlett-Packard Ltd
Nakamo Building
No 24 Kavxlsa;‘azlma-chg

ura-| it

Tel (052) ik

Yokogawa-Hewlett- Packard Ltd.
Mito Mitsui Buildin

1-4-73 San-no- mzm
Mito, 310
Tel: 0292-25-7470
Yokogawa-Hewlett-Packard Ltd.
Incue Building

1348-3, Asahi-cho, 1-chome

Alcug 3
Tel: 0462-24-0452

KENYA

Technical Enginearinq Services
P.0. Box 18311

Cable: PROTON

REA
Amencan Tradmg Company

Kor
I.P.O. Ba
Dae Kyung Bldg 8th Floor

Changro Ku Sm
Tel: (4 lines) 73-8924-7
Cable: AMTRACO Seoul

KUWAIT -
Al-Khaldiya Trading &
Contracting Co.

Al Soor Street
Michaan Bldg. No. 4
it

uwa
Tel: 42 99 10
Cable: VISCOUNT
LEBANON
Constantin E. Macridis
Clemenceau Street 34
P.0. Box 7213
RL Bdm

0846

Telex 211
Cable ELECTRONUCLEAR Beirut

MECOMB Mal
2 Lorong
Section 13
Petaling Jaya, Sefan

Cable: MECOMB Kuala Lumpur

MOZAMBIOUE

AN. Goncalve:

162, 1° Apt. 14 Av D. Luis
Caixa Postal 107
Lourenco Marque:

Tei: 27091, 27114

Telex: 6-203 Negon Mo
Cable: NEGON

ia Ld.

Telex; 3898

Cable: HEWPACK Wellington
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Cable: THETEIL Ibadan
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Cable: COOPERATOR Karachi
Mushko & Company, Ltd.
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Electromex, Inc
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C C P. 0 Box

Tel 86~|B 87 87-76-77,
Cable: ELEMEX Manila
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Hewlett-Packard South Africa

(Pty.), Ltd.
Hewilett-Packard House
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Cable: HEWPACK
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Tel: 2-6941/2/3
Cable: HEWPACK Cape Town
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TAIWAN

Hewlett-Packard Taiwan

39 Chung Shiao West Road
Sec. 1 Overseas Insurance
Corp. Bldg. 7th Floor

Tel: 389160,1.2,

Teiex: TPB24 HEWPACK
Cable: HEWPACK Taipei
Hewlett-Packard Taiwan

38. Po-Ai Lane, San Min Chu,
Kaohsiun,

Tel: 29731

THAILAND

UNIMESA Co , Ltd.
Eisom Research Building
Banma Sukumvit Ave.

Teﬂ32397 930338
Cable: UNIMESA Bangkok

VIETNAM

Peninsular Trading Inc.
P.0. Box H-3

216 Hien-Vuong

Tel: %0

Cable: PENTRA SAIGON 242
ZAMBIA

R.J. Tilbury (Zambia) Ltd.
P.0. Box 2792

tu

Central Atrica
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Tel: 73793
Cable: ARJAYTEE, Lusaka

MEDITERRANEAN AND
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NOT SHOWN PLEASE CONTACT:
Hewlett-Packard S A.
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Platia Kefallariou
GR-Kifissia-Athens
Telex: 21-6588
Cable: HEWPACKSA Athens
OTHER AREAS NOT LISTED, CONTACT:
Hewlett-Packard
Export Trade Company
3200 Hillview Ave,
Palo Alto, Calllorma 94304
Tel: (415& 150

WX: 9 1267
Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493

E 03775
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Appendix 3
Operating Limits

Calculating Range

The dynamic range is from —9.999999999 x 1099 through 9.999999999 x 10°°, Whenever a
result exceeds that range the error message “OVERFLOW?” is printed. (Calculations which
normally result in zero, such as subtracting a number from a number equal to itself, do not
exceed the range of the calculator.)

Error Messages

Improper key or program sequences and incorrect calculations are indicated by printed error
messages. A complete list of error messages is on the inside-back cover. o

An error message causes the program to halt, unless it is indicated as a “suppressable” error -~
and program flag 6 is set. For more information see “Flags” in Section 3.

Accuracy Limits

All calculations are computed to 12 siginificant digits, however, the accuracy depends upon
the actual operation. Arithmetic operations (+, —, X and +) are accurate to within one countin
the 12th (least significant) digit.

Guard Digits

All calculations use 12 significant digits and a two-digit eprnent. Up to the 10 most-
significant digits can be displayed and printed. The two least-significant digits are called
“guard digits”. ’ '



118 Operating Limits

The purpose of the guard digits (which should not be confused with the exponent) is to
maintain maximum accuracy during calculations and also to automatically round the tenth
digit for displayed and printed numbers. The next example shows how to view the guard
digits.

when @B @ is pressed, the value for pi is entered with 12 digits, although only the first ten

are displayed. The last displayed digit is rounded up, from 3 to 4, because the guard digits
contain 60:

Press -Q-@

H
(Y}
-

=
-
-~
y
M
-
A
=
L
) —
13
.
(M
.
-
I
——t
™ —
122

) ) o digit rounded exponent
By subtracting 3.1 from pi, the guard digits can
be seen:
Lt [ O Y N Y B i |
3.1@ ( (RS A i I gy o e i Y N :_u_]
/

former guard digits

Environmental Limits

Temperature range: 5° C (41°F) to 40° C (129°) ambient.
Humidity: 80%, relative.

Tape Specifications

Tape Cartridge

Usuable tape length: 43m (140 feet)'

Tape capacity: 96,000 bytes (program steps) or 12,000 data registers. '

Dimensions: 63.6mm X 82.5mm x 12.7mm (2.5 inches X 3.25 inches x 0.5 inches).
Tape Drive

Search speed: 1,524mm/sec (60 inches/sec), bidirectional.

Read/Write speed: 254mmi/sec (10 inches/sec).

Typical values are given.
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Instruction Keys Listing See Page
Clear Stack CLEAR 3
Clear X @ il 3
Clear Registers A through J CLREMS. 12
Assign Numeric Registers (”) - BREGE 12,16
Enter @ EHYERT 6

+

Arithmetic @ @ @ @ . 4
Exchange X & Y @ fay
Roll Stack Up () ROLLT 6
Roll Stack Down @ ROLLA
Print X FREINT 3
Print Stack C ] @ 6
Print Alpha Ciave) 28, 67, 71
Peripheral calls ( ”) (A-0) 73
Recall Last X - 6
Set FIX Format [ ] @ (n) Flw il 1
Set SCI Format [ ] @ (n) =35E) & )
Set SCI 3 Format - (=) (n) sciz @ J
Set Degrees [ ] @ DEGS ]
Set Radians [ ] @ FADS + 18
Set Grads -(s) GRADS ,
SIN X () ZIH )
ARC SIN X () C) AEIH 19
COsS X Las J
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Instruction Keys Listing See Page
ARC COS X ) ACOE
TAN X () TAN 19
ARC TAN X ) (m) ATAHH
Enter pi [ @ 1] 21
Log « LH | ]
e* (] Q) ety 2o
Log1o LoG
10” ) 1ets J
Summation + G SUM+ )
Summation — EBIES SLM- L o5
Basic Stat - HHEED J
Accumulate + (ace) AU+ ]
Accumulate — EBICD) ALG- t 24
Recall Total FOACLCH )
Polar— Rectangular ‘ (=) Pl ]
Rectangular — Polar ERIED) FeP
Decimal Degrees — D.MS o 0. ” 8 %
D.MS — Decimal Degrees D D pE= )
\ - 1 }
h - Lo
Integer X [ ] - IHT L 09
Round X -0 ROUND
VX - SQRT
Store in register n (“) BT H
Recall from register n (n) ELL R 12

Indirect Store

) 9 ()
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Instruction Keys Listing See Page
Indirect Recall feon) foend) () RCL I B ]
+
Register Arithmetic { - } (n) ST0+ i 12
+ :
Indirect Register - CSTOw 1 E
Arithmetic [ x } (n) o :
Program Instructions
Stop Program BRBE STOF
End Program AOEL EHD
Pause for ¥ sec. @ BEaz FRUSE t 35
Advance Paper %J BER3 SPHCE
NO OPeration [;;] BEAL HOF
Absolute Branches (m) BEAS GOTD 6125 a
GRG7 LOTO L@
(n) o g . ,
BaEs GOTH H + 47, 69,
' o “.-.;..“.. ;; 70
Computed Branches @ gude LU T
@ BELS GOTO i )
ik '
Label (") L 45,47, 53, 97
IF X is + O () e
IF X'is = )0 ais I1F -
IF X is 0 (o) aele IF @
o w‘.-’!' sy ’
FX<Y C) ag ; <o
IFX=Y pEtg "
x=y e
IFX=Y ) BALE IF may
xzy : u :
IF Flag n is set @(“) aEza IF
IF Flag n is clear @(n) guil IF .
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Instruction Keys Listing See Page
Subroutine Branches Cs) (") dezz GOSUB 8873 ]
) @) (n) AAZ4 GOSUE  Las
53, 70
o 55,70
GO suB @ 97
Subroutine Return gazg EETURH )
RETURN
SetFlag n (”) AORY SFG 2 }
61
Clear Flag n (”) AEEa CFG &
FOR-NEXT Loops () (AaB,orcC) HAa%1 FOF G
FOR 57
(<) (ABorC) B3 HE®T B
Tape Cartridge
Rewind Tape ABEE OREWIND 76
Mark Tape [ BEZd MAR 80
Record Program BOES ROPRGH 83
Record Data - 88
Load Program or Data BELS LORD 84, 90
Load & Run Program ) wo L THE 85
Verify File BE3% VERIFY 90
Identify File - BEGE TDENT 82
Record Secured Program apdl RmOED 91
Editing Keys (not programmable)
List Program 35, 63, 69
Increment Program Counter 36, 63, 64, 69
Decrement Program Counter - 36, 63, 69
Insert Steps ) (.’2:;;) ) —_ 63, 66
Delete Steps B - 63, 65
Erase Program Memory D 34,67
Set Alpha Mode - 63, 67
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Subject Index

Absolute branching .................. 47
Accessorieslist ..................... 103
Accumulate + (ACC+) function ...... 24
Accuracy (significant digits).......... 117
Alpha:
additional characters ............ 71
editing........................... 67
mode ..........ooiii i 28
printing ......................... 28
Assigning data registers ............. 16
Arccosine; Arcsine; Arctangent ....... 19
Arithmetic:
andthestack.................... 6
chain ................... . 8
register ............ ., 14
AUTOSTARTmode .................. 92
BACKSPACE/RESET key ............ 4,63
BCD Interface (HP 98133A) .......... v
Branching:
absolute ........................ 47
computed ....................... 47
BITOIS ..ottt 70
speed ... i, 69
subroutine ...................... 53
symbolic (labels) ................ 45
“Busy" display ...................... 2

Calculatingrange ................... 117
Calculator:
cleaning ........................ 112
fuses .......... .. 105
grounding....................... 105
intialturn-on .................... 106
inspection....................... 103
installation ...................... 103
keyboard .................. i (foldout)
power requirements.............. 105
testprograms ................... 107
CALL sequences (peripherals) ....... 72
Cartridge,data................covnn. 77
Change Signkey .....coovveeien 3

Changing program instructions ... 64

Clearing:
key sequences .................. 4
programmemory ................ 67
stack .......... ... 4
storage registers ......... I 13, 18
Xregister .......... ... ... L, 4
Common log (log'®) ................. 20
Complex arithmetic .............. 24
Computed branching ............ 47
Conversions:
D.MS/decimal degrees ........... 23
rectangular/polar ................ 22
Correcting (editing) programs ........ 63
Datastorage ........................ 12
Data (tape) Cartridge ................ 77
Decimal degrees/D.MS conversion ... 23
Degrees (DEGS) units ............... 19
Definable (special) functions ......... 97
Deleting:
programsteps................... 65
summationdata ................. 25
Digitizer (HP9864A) .................. iv
Display:
“busy” display .................. 2
FIXformat....................... 10
initial (turn-on) ................... 106
programentry ................... 37
overflow ........................ 117
roundingof...................... 10
scientific notation ................ 10
e
Editing:
alpha ........... ... . 67
programs ............. ... 63
END instruction ..................... 35
ENTER instruction ................... 6
Equipmentlist....................... 1083
Enter exponent (EEX) key ............ 3
Error messages ...... (inside-back cover)
Error detection (tape) ................ 79
Example programsontape........... 114
Exchange Xand Ykey ............... 6
Expanded memory (option 001) ........ ii
Exponential function ... 20
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f

Factorial, program for calculating . ....
File structure oftape .................
Fixed point display
FLAG instructions
Flowcharting
Formats (numbers)
FOR-NEXT instructions
Functions:
arithmetic
editing .............. .
program control
scientific .......... ... ... ...
special (definable) ...............
trigonometric
Fuse, calculator .....................

General I/O Interface (HP 98134A) .. ..
GOSUB (and RETURN) instructions . ..
GOTOinstructions . ..................
Grads units
Grounding requirements (calculator) . .
Guard digits

HP-IB Interface (HP 98135A) ..........

IDENTIFY instruction. ................
IFinstructions .......................
Improper operations .................
Increasing calculator memory
Index, key
Indirect storage & recall
Initiat display ................ ..o ont.
INSERTkey ...t
Inspection, calculator ................
Installation, calculator
Instructions, program:
changing
entering........... ... il
recording
securing
Integer (INT) function
Interfaces ...........................

53
47
19
105
117

Keyboard drawing ............. i (foldout)
Keyboard magazine .................. Vi
Keyindex............coooiiiiininn,. 119
Keying in exponentsoften ........... 3
Keyinginnumbers.................... 3
LABEL instructions:

withGOTO ... 47

withGOSUB .............. ... ... 53

with special functions ............ 97
LAST X function ..................... 6
Listing programs .................... 63
LOAD instructions:

data ......... ... ... .. ... ...l 90

programs ............. ... ... 84
Logarithmic functions . ............... 20
Looping (ina program) .............. 57

Im

Manipulating stack contents . ......... 6
Manual summary ........ (front of manual)
MARK (tape) instruction.............. 80
Mean.......... ... 25
Memory:

data ............. ... ... .. 16

operational stack ................ 6

program ... 34

1
Natural logarithms ................... 20
Negative numbers ................... 3
NEXT (and FOR) instructions ......... 57
No operation (NOP) instruction ....... 35
Normal (NORM)mode ............... 27
Numberformats ..................... 10
O

Overflow ............................ i
Overlays, key ....................... 99



Paper (printer):
loading ............ .. ...l 113
ordering ........................ 113
PAUSE instruction ................... 35
Peripheral control .................. i, 72
Peripheraltests ..................... 114
Pi(a) . ..o 21
Plotter (HP 9862A)..................... iii
Polar/rectangular conversion ......... 23
Positioning numbers in the stack ... . . .. 6
Power requirements, calculator . ... ... 105
Powers, raising numbersto .......... 20
Print-all (ALL) mode ................. 27
PRINT ALPHA (PRNT « ) instruction ... 28
Printers (HP 9866A and 9871A) ......... iii
PRINT instruction .................... 27
Program:
correcting ....................... 64
counter (PC) .................... 35
directory ........................ 100
erasing .............. 34
recording ........... ... i, 83
rUNNINg ..o 37
writing ... o 39
Protected tape cartridges ............ 77
r
Radians (RADS) units ................ 19
Raising numbers to powers .......... 20
Range, calculating .................. 117
Recallingdata ...................... 13
Reciprocal (1/x) function ............. 21
RECORD instructions:
data ............... ... ... 88
program ................. ... ..., 83
secure program ................. 91
Rectangular/polar conversion ........ 23
Register(s):
arithmetic ....................... 14
LASTX .. 6
storage .......... ...l 12
RETURN instructions:
withGOSUB ..................... 53
with special functions ............ 97
Reverse Polish Notation (RPN) ........ i
REWIND instruction.................. 78
ROLL DOWN & ROLL UP keys ........ 6
Root (SQRT) function ................ 21
ROUND function .................... 21
Rounding of display ................. 10
RUNmode .......................... 2
Runningaprogram .................. 37
RUN/STOPkey ...................... 35
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Scientific functions .................. 18
Scientific notation ................... 11
Service, calculator .................. 107
Sine (SIN) function .................. 19
Single-stepping a program ........... 64
SPACE instruction ................... 35
Square root (SQRT) function.......... 21
Special (defined) functions ........... 97
Special HP programs ................ 82
Stack:
arithmetic ....................... 6
clearing ......................... 4
manipulating contents . ........... 6
position of numbers .............. 6
printing ............. ... ... 6
Standard deviation .................. 25
Statistical functions .................. 25
STEPkey ... 63
STOP instruction .................... 35
Storage registers:
arithmetic ....................... 14
clearing ...................... 13,18
indirect operations .......... e 15
numeric-named.................. 12
andstat.................... ... 25
and summation (3+,%-)......... 24
Symbolic branching (labels) .......... 45
Tangent (TAN) function .............. 19
Tape cartridge ...................... 77
Tape-drive operations ............... 76
Tape Punch (HP 9884A) .............. iv

Tape Readers (HP 9863A and 9883A) . iv
Temperature range, calculator
Thermal Printer (HP 9866A)
Trigonometric functions .............. 19

Turn-on procedure, calculator ........ 106
Utility & Test Cartridge .......... 107, 114
Vector (ACC+, ACC—) functions .. ... 24
VERIFY (tape) instructions ........... 90
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CGVERFLOW
SHET OF HEG #

*

*

# L0G OF # <=8
» M T-0 DEWICE
TLLEGRL ADDRESS

TLLEGRL RARGUMEHT

MEMORY OVERFLOMW

LOSUR OMERFLOW

EEY HOT DEFIMED

CITMPROPER SYHTARHN

* CHECKSUM ERROR

* YERIFY FRILED

MEOMG FILE TYPE

EMDL OF THPE

FROTECTED THFE

SECURED MEMORY

HISSING FOR STMT

LABEL HOT FOUMD
FILE HOT FOUMD
CARTRIDGE OUT
MISSIHG COSUE

DIVISTION BY ZERO

ERROR MESSAGES

Number or result exceeds calculating range.

Peripheral device or interface not connected.
Improper step address or storage register specified.

Improper value for operation (e.g., ASIN, ACOS of no. >1 or
<1; over 7 digits converted to D.MS format).

Program instruction, storage register assignment, or program
loaded from tape exceeds available memory.

More than seven subroutines (including special functions)
nested at a time.

Special function just called is not defined.

FIX $Cl $CI 3
Incorrect use of @ @ @ o)) or (7))
FOR NEXT IF

Program or data loaded into calculator not identical to that in
file; this usually indicates a dirty tape head or a worn tape. See
“Cleaning the Tape Head" in Section 4.

Program or data in file not identical to that in calculator. See
“Error Detection” in Section 4.

Attempting to load an empty, extra, or binary file; recording on
an extra file.

End of tape reached during MARK operation. Also indicates a
broken or defective tape; if the tape does not appear to be
broken, (advance it using the drive wheel), replace the car-
tridge, press , and continue.

The cartridge RECORD slide is positioned to prevent MARK
and RECORD operations.

Attempting to list, edit, or record a secured program.

*These messages are suppressable; see ‘‘Flags" in Section 3.
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