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Manual RUN Mode. PRGM-RUN switch rprom [l Trun  set to RUN.

Function Key Index

Function keys pressed from the keyboard execute individual functions as they are pressed. Input
numbers and answers are displayed. All functionkeys listed below operate either from the keyboard or
as recorded instructions in a program.

D Paper advance push-
button. Press to advance
paper without printing
(page 25).

ors[TMMon Power switch
(page 23).

TRACE .
man [ Wwosm Print Mode

switch. Selects printing
option (page 25).

Printing Functions

PRINT:[(sPace) Advances
paper one space without
printing (page 132).
PRINT:[(reg) Prints contents
of all primary storage
registers (page 69).
PRINT:(Scx] Prints con-
tents of automatic memory
stack (page 47).

CLICEE3 Prints contents of
displayed X-register

(page 25).

Digit Entry

Enters a copy of
number displayed in X-re-
gister into Y-register. Used
to separate numbers
(page 51).

8 Changes sign of
mantissa or exponent of 10
in displayed X-register
(page 24).

33 Enter exponent. After
pressing, next numbers
keyed in are exponents of
10 (page 43).

(o] through (s] Digit keys
(page 24).

(<) Decimal point

(page 24).-

Display Control
Selects scientific

notation display
(page 36).

3 Selects fixed point
display (page 37).

[E3 Selects engineering
notation display

(page 38).

Followed by number
key, selects number of dis-
played digits (page 36).

Number Manipulation

(59 Rolls up contents of
stack for viewing in dis-
played X-register
(page 49).

B8 Rolis down contents of
stack for viewing in dis-
played X-register

(page 48).

Exchanges contents
of X- and Y-registers of
stack (page 49).

Clears contents of
displayed X-register to zero
(page 24).

Number Alteration

[2E3 Gives absolute value
of number in displayed
X-register (page 78).

[in7) Leaves only integer
portion of number in dis-
played X-register by
truncating fractional portion
(page 78).

(FrAC) Leaves only fraction-
al portion of number in
displayed X-register by
truncating integer portion
(page 78).

Rounds mantissa of
10-digit number in X-register
to actual value seen in the
display (page 77).

Mathematics
(1] Computes factorial of

number in displayed
X-register (page 79).

Computes reciprocal of
number in displayed
X-register (page 79).

E3& Computes square of
number in displayed
X-register (page 80).

&3 Computes square root
of number in displayed
X-register (page 80).

(7] Places value of pi
(3.141592654) into dis-
played X-register
(page 81).

B B B Arithmetic
operators (page 27).

Storage

Store. Followed by
address key, stores dis-
played number in specified
primary storage register
(R, through Rg, R, through
Re, 1). Also used to perform
storage register arithmetic
(page 64).

Recall. Followed by
address key, recalls number
from specified primary
storage register (R, through
R, Rathrough R, I)into the
displayed X-register

(page 64).

(cLrec) Clears contents of
all primary storage registers
(R, through Rg, R, through
Re, I) to zero (page 70).

(LAs7 ] Recalls number
displayed before the pre-
vious operation back into
the displayed X-register
(page 59).

(F=5) Primary exchange
secondary. Exchanges
contents of primary storage
registers R, through R, with
contents of protected
secondary storage registers
Rso through R, (page 66).



Trigonometry

Converts decimal
hours or degrees in dis-
played X-register to hours,
minutes, seconds or
degrees, minutes, seconds
(page 85).

Converts hours,
minutes, seconds or
degrees, minutes, seconds
in displayed X-register to
decimal hours or degrees
(page 85).

Adds hours, minutes,
seconds, or degrees,
minutes, seconds in
Y-register to those in dis-

played X-register (page 87).

(cos ) Computes
arc sine, arc cosine, or arc
tangent of number in
displayed X-register

(page 84).

| sin ficos] Computes
sine, cosine, or tangent of
value in displayed
X-register (page 84).

Converts degrees in
displayed X-register to
radians (page 83).
Converts radians in
displayed X-register to
degrees (page 83).

Sets decimal degrees
mode for trigonometric
functions (page 84).

Sets radians mode for
trigonometric functions
(page 84).

Sets grads mode for
trigonometric functions
(page 84).

Polar/Rectangular
Conversion

&3 Converts x, y rectangu-
lar coordinates placed in X-
and Y-registers to polar
magnitude r and angle 6
(page 89).

&3 Converts polar magni-
tuder and angle #in X- and
Y-registers to rectangular
X and y coordinates

(page 90).

Logarithmic and
Exponential

Raises number in
Y-register to power of
number in displayed
X-register (page 94).
Common antilogarithm.
Raises 10 to power of num-
ber in displayed X-register
(page 93).

3 Natural antilogarithm.
Raises e (2.718281828) to
power of number in dis-

played X-register (page 93).

Computes common
logarithm (base 10) of num-
ber in displayed X-register
(page 93).

i1 Computes natural
logarithm (basee, 2.718...)
of number in displayed
X-register (page 93).

Statistics

Accumulates numbers
from X- and Y-registers into
secondary storage regis-
ters Rss through Rg,
(page 97).

(zJ) Subtracts x and y values
from storage registers

Rs, through R, for correct-
ing or subtracting
accumulation entries
(page 105).

(& Computes mean
(average) of x and y values
accumulated by

(page 100).

Computes sample
standard deviations of xand
y values accumulated

by &3 (page 102).

Percentage

Computes x% of y
(page 82).

[zcr) Computes percent of
change from number in
Y-register to number in
displayed X-register
(page 83).

Indirect Control

£8 Recalls number from
1-register into displayed
X-register. (To store num-
ber in I, use {1 8]
(page 65).

[ When preceded by

EEW, (isz), or [osZ, the

address or control value for
that function is specified by
the current number in |
(page 201).

Increment and skip if
zero. Followed by §§, adds
1 to contents of I. Followed
by [, adds 1 to contents of
storage register specified
by valueinI. Skips one step
if contents are then zero
(page 192).

Decrement and skip if
zero. Followed by E8,
subtracts 1 from contents
of I. Followed by

{, subtracts 1 from con-
tents of storage register
specifiedby value inI. Skips
one stepif contents are then
zero (page 192).

Exchanges contents
of displayed X-register with
those of I-register

(page 192).

Flags

(57F) Set flag. Followed by
flag designator (0, 1, 2, or
3), setsflag true (page 231).
Clear flag. Followed by
flag designator (0, 1, 2, or
3), clears flag (page 231).

Magnetic Card Control

oa14) If @ magnetic card is
passed through the card
reader immediately after
this operation, the contents
of the storage registers are
recorded on the card
(page 251).

Merges, rather than
overwrites, data or program
from magnetic card with
data or program in calcula-
tor (page 247).

-
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Programming Key Index

PROGRAM Mode

Automatic RUN Mode

PRGM-RUN switch set to
PRGM prom [Tl run

All function keys except the
ones below are loaded into
program memory when
pressed. Program memory
contents recorded upon
magnetic card when card is
passed through card
reader.

PRGM-RUN switch set to RUN prow Il aun

Function keys may be executed as part of a recorded program
or individually by pressing from the keyboard. Input numbers
and answers are displayed by the calculator, except where
indicated. Data or instructions loaded from magnetic card into
calculator when card is passed through card reader.

Active keys:

In PROGRAM mode only
six operations are active.
These operations are used
to help record programs,
and cannot themselves be
recorded in program
memory.

&5 Go to. Followed by
(-] (0] [n) (n), positions
calculator to step (0] (n] (n)
of program memory. No
instructions are executed
(page 135).

Pressed from
the keyboard:

Al BCRDRE]
GEEEE

User-definable keys. Cause
calculator to search down-
ward through program
memory to first designated
label and begin execution
there (page 121).

E Go to. Followed by
() (] (M) (n), sets calculator
to step [n} () (n) of program
memory without executing
instructions. Followed by
label designator (€3 through
3. [ (3 through B (&, @)
through (9) ) or [@}, causes
calculator to search down-
ward through program
memory to first designated
label and stop there (page
135).

=3 Go to subroutine.
Followed by label desig-
nator (£} through 3, 1 (3
through 2 (], (o] through
(8] ) or [, causes calcula-
tor to start executing
instructions, beginning with
designated label

(page 177).

Executed as a
recorded program
instruction:

afsiciolc lBIRIOEG)
LIOEEEEE ] (E)E)

Label designators. When
preceded by (%, define
beginning of routine. When
preceded by or (&3,
cause calculator to stop
execution, search down-
ward through program
memory to first designated
label, and resume execu-
tion there (page 119).

{35 Go to. Followed by
label designator ( % through
3, 1 (3 through {3 (2, [©
through (9]) or [@, causes
calculator to stop execution,
search through program
memory to first designated
label, and resume execu-
tion there (page 153).

Go to subroutine.
Followed by label designator
(I3 through 3, 1 (&
through E3 (<), (0] through
(9)) or [}, causes calculator
to search through program
memory to first designated
label and execute that
section of program memory
as asubroutine (page 177).




PROGRAM Mode

Automatic RUN Mode

Active keys:

PRINT : (rcm ] Print pro-
gram. Prints contents of
program memeory, begin-
ning with current step and
continuing until two
consecutive &} instruc-
tions are encountered or step
224 is printed (page 131).

Back step. Moves
calculator back one step in
program memory

(page 135).

£S5 Single step. Moves
calculator forward one step
of program memory

(page 135).

[CED) Delete. Deletes current
instruction from program
memory. All subsequent
instructions moved up one
step (page 136).

Pressed from
the keyboard:

i1 Return. Sets calculator
to step 000 of program
memory (page 138).

PRINT: (prGm ) Print pro-
gram. Prints contents of
program memory, beginning
with current step and con-
tinuing until two consecutive
instructions are en-
countered or step 224 is
printed (page 131).

Back step. Sets
calculator to and displays
step number and keycode
of previous program mem-
ory step number when
pressed; displays original
contents of X-register when
released. No instructions
are executed (page 135).

ES3 Single step. Displays
step number and keycode
of current program memory
step when pressed; exe-
cutes instruction, displays
result, and moves calculator
to next step when released
(page 135).

(OED) After £3 prefix key,
cancels that key. After other
keys, does nothing. Does
not disturb program mem-
ory or calculator status
(page 136).

Executed as a
recorded program
instruction:

Return. If executed as
a result of pressing a label
designator or executing a
&8 instruction, stops
execution and returns
control to keyboard. If exe-
cuted as a result of a )
instruction, returns control
to next step after the [E)
instruction (page 119).

=
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PROGRAM Mode

Automatic RUN Mode

!

&t

Active keys:

Clear program.
Clears program memory to
all instructions, sets
calculator to step 000, clears
all flags, and specifies FIX 2
display and DEG modes
(page 135).

Pressed from
the keyboard:

After §B prefix key,
cancels that key. After other
keys, does nothing. Does
not disturb program memory
or calculator status

(page 135).

Run/stop. Begins exe-
cution from current step of
program memory. Stops
execution if program is
running (page 169).

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

[:wa

Executed as a
recorded program
instruction:

Stops program

execution and transfers
control to keyboard for 1
second, then resumes pro-
gram execution (page 171).

Condltlonals. Each tests
value in X-register against
value in Y-register or 0 as
indicated. If true, calculator
executes instruction in next
step of program memory.
If false, calculator skips one
step before resuming
execution (page 159).

Is flag true? Followed by
flag designator (0, 1, 2, or
3), tests designated flag. If
flag is set (true) calculator
executes the instruction in
the next step of program
memory. If flag is cleared
(false), calculator skips one
step before resuming
execution. clears flags
F2 and F3 after tests
(page 231).

Run/stop. Stops pro-
gram execution (page 119).

|
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Meet the HP-97

Congratulations!

With your purchase of the HP-97 Programmable Printing Calculator, you have acquired a truly
versatile and unique calculating instrument. Using the Hewlett-Packard RPN logic system that
slices with ease through the most difficult equations, the HP-97 is without parallel:

As a scientific calculator. As a scientific calculator, the HP-97 features a familiar adding-
machine style keyboard for rapid data entry wedded to a powerful calculator with dozens of
mathematical, statistical, and scientific functions, and a three-way printer for archival per-
manence to your answers.

As a problem-solving machine. Anyone who can follow simple step-by-step instructions can
use the prerecorded magnetic cards in the Standard Pac and the optional application pacs to
solve common problems from the areas of engineering, mathematics, finance, statistics,
medicine, and many other fields. Immediately.

As a personal programmable calculator. The HP-97 is so easy to program and use that it
requires no prior programming experience or knowledge of arcane programming languages.
Yet even the most sophisticated computer experts marvel at the programmiing features of the
HP-97:

Magnetic cards that record data or programs—permanently.

26 data storage registers.

224 steps of program memory.

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

Powerful unconditional and conditional branching.

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

Indirect addressing.

Printer to record results, list programs, or trace executing programs.

And in addition, the HP-97 can be operated from its rechargeable battery pack for complete
portability, anywhere.

Now let’s take a closer look at the HP-97 to see how easy it is to use, whether we solve a
problem manually, use one of the sophisticated prerecorded programs from the Standard Pac,
or even write our Own program.

17




14 Meet the HP-97

Manual Problem Solving

To get the feel of your HP-97, try a few simple calculations. First, set the switches that are
located in the upper left-hand corner of the keyboard as follows:

Set the OFF-ON switch oFF M o~ to ON.
Set the PRGM-RUN switch erem [l run to RUN.
Set the MAN-TRACE-NORM switch yyy [Jilinorm ©© MAN.

To solve: Press:

5+6=11 ) B = 11.00
8+2-4 00
7-4=3 e 5w
0 x8 =7 7200

1 _ y
5 o ==}

Sine of 30° = 0.50

Now let’s try something a little more involved. To calculate the surface area of a sphere, the
formula 4 = md?* can be used, where:

.

S
e
3

ilifil

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

Ganymede, one of Jupiter’s 12 moons, has a diameter of 3200 miles. You can use the HP-97 to
manually compute the area of Ganymede. Merely press the following keys in order.

First, ensure that a paper roll has been properly installed in the calculator, and slide the
- TRACE
MAN-TRACE-NORM switch wan [T norm t© NORM.

Then:
Press Display
3200. Diameter of
Ganymede.
] 10240000.00 Square of the 3288.00 N2
diameter. Pi
b

The quantity 7. x
" 32169908.78 Area of Ganymede 32169988.7% #x%

in square miles.

32169908.78 The answer printed.

You can see that the paper tape has preserved a record of your calculation. Save this tape—you
are going to use it to write a program for your HP-97. But first let’s look at a prerecorded
program, one of the 15 that are shipped with your calculator.

(3 O o o o O W O O
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Running a Prerecorded Program

The Standard Pac shipped with your calculator contains 15 prerecorded magnetic cards, and
each card contains a program. By using cards from the Standard Pac (or from any of the
optional application pacs, available in areas like finance, statistics, mathematics, engineering,
or medicine) you can use your HP-97 to perform extremely complex calculations just by
following the cookbook-style directions in each pac. Let’s try running one of these programs
now.

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

CALENDAR FUNCTIONS
(DT-mm.ddyyyy; SUNDAY =0)

<>DT4 <>DT3 YS <>AWKS.DYS DT+DOW

2. Ensure that the PRGM-RUN switch prem [ Run is set to RUN.

3. Set the Print Mode switch
TRACE

mAN[[[Ilivorm  to MAN. Insert
side 1 of the Calendar Functions
card, printed side up, into the card
reader slot on the front of the
calculator as shown. When the card
is partially into the slot, a motor
engages and passes the card through
the calculator and out a similar slot
at the rear of the calculator. Let the
card move freely.

4. The calculator display should read to prompt you that side 2 of the card
must be read in.

5. Now insert side 2 of the Calendar Functions card, again face up, into the card reader
slot on the front of the calculator and permit it to pass through the card reader to the rear
of the calculator.

6. If after either pass of the card through the card reader, the display shows ,

that side of the card did not read properly. Press [gga, then insert that side of the card
into the card reader slot and let it pass through again.

7. When both sides of the card have been read properly, the display will again show the
previous answer.
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8. Insert the card into the window slot,
as shown. The markings on the card
should be directly over the keys

marked (8 () 0 (8 )
The markings, or mnemonics, on

the card now identify the function of
each of these five keys.

You are now ready to use the program.

Example:

between September 3,

November 2

Solution: The figure below duplicates the user instructions for the Calendar Functions
program. These instructions can also be found in the HP-97 Standard Pac, just as can the

How many days are there

1944 and

1, 19757

instructions for the other 14 programs in the Pac.

STEP INSTRUCTIONS paTAUNTS | KEYS | o A ONS
1 Load side 1 and side 2. o 1 1T 1
_é-i?okié.eﬁthe week.azulations' I D
i 7 go to step 6. - I D
i 3 | Input two of the following: 1 o ]
B First date (m.m.ddyyryy) D_T1 o E - D;y_#1 o
[ Second date (mm.ddyﬁy} “__sz ___IE; ] “—Dag} #, ]
B Days between dates - 7DAYS 77— 71’)3:15!5 ]
or weeks be-tween dates™ WK;:)YS— ET | 6; ]
4 | Calculate one_ of the following: I ]
B First date ' - m | or, |
| secondame | [T@ | on
| Daysveweendaes | | @ Days |
e Weeks between dates - T] WKS. DYS_
_ 577 For a nev.v case go to step 277 D
76 Input date anrd calculate day 1
[ [of the week (0 = Sunday, |
B _S_= Saturday). - DT B G DOW
| For a néw case Ql)TO steE- o ]

“Either days between dates or 7

weeks between dates, but not

both,_r;;r be input in st;ﬁ

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

Press Display

09.031944 09.031944

Reading across the line, you can see that after you input the first date (DT,), you are directed
under the KEYS heading to press .

Press Display

2431337. Julian day number

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

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

Press Display
11.211975 11.211975
2442738. (Julian day number

used by astronomers.)

Now you move to step 4, which gives the key you press for calculation. You can see that to
calculate the days between dates, you prcss .

Press Display

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

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

You have seen from this example how simple it is to use your HP-97. You can begin using
your Standard Pac, or any of the optional applications Pacs, right now. All you have to do to
begin taking advantage of the calculating power and programmability of the HP-97 is follow
simple instructions like these.
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Your Own Program

Earlier, you calculated the surface area of Ganymede, one of Jupiter’s 12 moons, and you
should have saved the paper tape with the keystroke list from that problem. Now, if you
wanted the surface area of each moon, you could repeat that procedure 12 times, using a
different value for the diameter d each time. An easier and faster method, however, is to
create a program that will calculate the surface area of a sphere from its diameter, instead of
pressing all the keys for each moon.

To calculate the area of a sphere using a program, you should first create the program, then
you must load the program into the calculator, and finally you run the program to calculate

each answer. If you want to save the program, you can record it permanently on a magnetic
card.

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

Loading the Program. To load the keystrokes of the program into the calculator;
1. Slide the PRGM-RUN switch pram [l run to PRGM (program).
2. Press to clear the calculator.

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

Defines the beginning of the program.
=
'

@ Defines the end of the program.

These are the same keys you pressed to solve the problem manually.

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

1. Slide the PRGM-RUN switch prem Jll[[frun back to RUN.
2. Key in the value of the diameter.
3. Press to run the program.

When you press . the sequence of keystrokes you loaded is automatically executed by
the calculator, giving you the same answer you would have obtained manually.

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

Press Display
3200

32169908.78 Square miles.

(3 S Y N L A O O
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With the program you have loaded, you can now calculate the area of any of Jupiter’s
moons—in fact, of any sphere—using its diameter. You have only to leave the calculator
in RUN mode and key in the diameter of each sphere for which you want the area, then
press g . For example, to compute the surface area of Jupiter’s moon lo, with a diameter

of 2310 miles:

Press Display

2310 16763852.56 Square miles.

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

Press Display

1950 Area of Europa in

square miles.

3220 32573289.27 Area of Callisto in

square miles.

Programming the HP-97 is rhat easy! The calculator remembers a series of keystrokes and
then executes them at the press of a single key. In fact the HP-97 can remember up to 224
separate operations (and many more keystrokes, since many operations require two or three
keystrokes) and execute them at the press of one of the label keys. By using, say, label A for
one program, label B for another, etc., your calculator can contain many different programs
at one time.

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

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

Side 1 F‘ ﬂ Side 2
El A B B A a

2. Slide the PRGM-RUN switch prcm [[[[Jill runy to PRGM.

3. Insert side 1 of the card into the front card reader slot on the calculator. Permit the
card to pass through the card reader to the rear of the calculator. Since your program
contains fewer than 113 instructions, you need to pass only one side of the card through
the card reader. Your program is now recorded on the magnetic card.

4. Be sure to mark the card so you don’t forget what program is on the card and what keys
control the program. The marked card might look like this when you are through:

¢ Spheve Surface Avea »
§ d-oa . . . .
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5. The program now on the card will remain there until you record another program over

it. To save the program permanently, so that no other program can be recorded on the
card, clip the corner of the card nearest side 1:

Ve
v/
7
Side 1 protected. 7 [4 Spherc Surface Area | Side 2 unclipped,
BedrA . o a . unprotected..

That’s all there is to it! You can reuse the program as often as you like—merely pass the card

through the card reader with the PRGM-RUN switch set to RUN each time you want to load
this program into the calculator.

Using this Handbook

New to Hewlett-Packard calculators? Part One of this handbook has been designed to teach
you to use your HP-97 as a powerful scientific calculator. By working through these sections
of the handbook, you’ll learn every function that you can use to calculate answers manually,
and you’ll come to appreciate the calculating efficiency of the Hewlett-Packard logic system
with RPN. And since the programmability of the HP-97 stems from its ability to remember a
series of manual keystrokes, Part One, Using Your HP-97 Calculator, is invaluable in laying
the groundwork for Part Two, Programming The HP-97.

Previous HP user? If you've already used Hewlett-Packard pocket or desktop calculators
with RPN, you may want to familiarize yourself with the unique printer options of the HP-97
by reading page 25, and then turn directly to Part Two, Programming The HP-97. Later,
though, you will undoubtedly wish to peruse Part One at your leisure in order to discover
the many calculating advantages of the HP-97.

Whether an old hand or a novice, you’ll find the Function and Programming Key Index
on pages 8—11 invaluable as a quick reference guide, a programming guide, or even to
illustrate the features of the HP-97 to your friends.

S o o o o O O O O O
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Using Your HP-97 Calculator
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Section 1

Getting Started

Your HP-97 is shipped fully assembled, including a battery. You can begin using your calcu-
lator immediately by connecting the cord from the ac adapter/recharger and plugging the
charger into an ac outlet. If you want to use your HP-97 on battery power alone, you should
charge the battery for 6 hours first. Whether you operate from battery power or from power
supplied by the charger, the battery pack must always be in the calculator.
To begin:

Slide the PRGM-RUN switch pram [l run to RUN.

TRACE
Slide the Print Mode switch man [[[[Illinorm to MAN.

Slide the OFF-ON switch orr [l[[[[Jo~n to ON.

Display

Numbers that you key into the calculator and intermediate and final answers are always seen
in the bright red display. When you first turn the calculator ON, the display is set to
to show you that all zeros are present there.

Keyboard

All keys on the keyboard perform two functions. One function is indicated by the symbol on
the face of the key, while another function is indicated by the gold symbol written below

the key.

m  To select the function printed on the face of the key, press the key.
s To select the function printed in gold below the key, press the gold prefix key s
then press the function key.

To execute this function, press .

To execute this function, first press ,

then press [€&3) .

cos™'

In this handbook, the selected key function will appear in the-appropriate color, outlined by a

box, like this: , [cosT).

~~N




R

24 Getting Started

Keying In Numbers

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

For example: L
Key in 148.84
by pressing the keys Display

DEEDE®

The resultant number 148.84 is seen in the display.

Negative Numbers

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

-

Press Display

CHS -148.84

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

Press Display

CHS 148.84

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

Clearing

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

Press Display

cLx

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

The printer has three modes of operation, which you control using the Print Mode switch

TRACE .
man M noRm -

TRACE
B With the Print Mode switch man [[[Jilinorm set to MAN (manual), the printer is idle and
does not print unless you press the key or one of the other PRINT functions.

This mode gives greatest economy of paper and battery power.
TRACE
®  With the Print Mode switch man[l[[[Inorm set to NORM (normal), the calculator

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

. . . TRACE .
®  With the Print Mode switch man[[[[linorm set to TRACE, the calculator prints
numbers, functions, and intermediate and final answers, just as they are seen in the

number.
To advance the printer paper, press the paper advance pushbutton that is to the right of the
paper output. Don’t worry if the display blanks out while the paper advance is operating—this
is normal. To advance the paper more than one space, simply hold the pushbutton down until
the paper has advanced the desired amount. To replace the paper roll, refer to Your HP-97
Printer in appendix B of this handbook.

Note: If your calculator is out of paper, any operation which would normally cause

the calculator to print onto the paper tape instead causes the word [ Error _|to
appear in the display. This prompts you to install a fresh roll of paper.

No matter what print mode you choose, you seldom have to worry about ‘‘overrunning’’ the
printer when you are calculating. Your HP-97 contains a key buffer that ‘‘remembers’’ up to
seven keystrokes—no matter how fast you press the keys.

Functions

The best way to see how simple functions operate on your HP-97 is with the Print Mode
switch set to TRACE to give you a complete record of inputs, functions, and answers.

ACE
Slide the Print Mode switch MANE?M.NO““ to TRACE now.
In spite of the dozens of functions available on the HP-97 k=yboard, you will find the calcu-

lator functions simple to operate by using a single, all-encompassing rule: When you press a
function key, the calculator immediately executes the function written on the key.

Pressing a function key causes the calculator to immediately perform that function,
and display the result.
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For example, to calculate the square root of 148.84 merely:

Press Display

148.84 148.84 14887 1%
12,2 ¥

Let’s look briefly at the printed copy of that problem to see the simple way that the HP-97
printer duplicates your calculations.

The paper tapes are printed just as you read, from left to right and top to bottom. The number,
148.84, is printed exactly as you keyed it in. A symbol for the function performed, 3, is
printed next to it. The answer, 12.20, is printed with a three-asterisk label to its right, indicating
that the HP-97 performed some operation in order to obtain the number as it is printed.

Number keyed in—no asterisks.

146.84 JX=———— Function performed.
12:20 ¥k

Asterisks indicate this number as
printed is the result of some operation.

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

Press Display
HE

2 148.84
148.84  #¥4

and g are examples of one-number function keys; that is, keys that execute upon a single
number. All function keys in the HP-97 operate upon either one number or two numbers at a
time (except for statistics keys like and (s]—more about these later).

Function keys operate upon either one number or two numbers.

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

1. Key in the number.
2. Press the function key (or press the prefix key, then the function key).

For example, to use the one-number function 2§ key, you first key in the number represented
by x, then press the function key. To calculate %, key in 4 (the x-number) and press .
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Press Display
4 4.0 12X
« 6.25 xxx

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

1
25

2500 -
10° 100000.00 (Use the key.)
V3204100 1790.00

log 12.58925411 1.10
712 = [5041.00

I

Two-Number Functions

Two-number functions are functions that must have two numbers present in order for the
operation to be performed. 0.8, 8. and B are examples of two-number function keys.
You cannot add, subtract, multiply, or divide unless there are two numbers present in the
calculator. Two-number functions work the same way as one-number functions—that is, the
operation occurs when the function key is pressed. Therefore, both numbers must be in the
calculator before the function key is pressed.

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

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

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

1. Key in the first number.

2. Press to separate the first number from the second.

3. Key in the second number.

4. Press the function key to perform the operation.

For example, to add 12 and 3:

Press

12 The first number.

Separates the first number from the second. 12.86 ENT?
3 The second number. 3.8C +
The function. ' 15.66 »xxx
The answer.

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

To perform  Press Display Ié'- gg ENT?
12 -3 12 CIED @ 9.6 ¥xx
12.68 ENT?
.86 x

12 X 3 VA EnTER + KR X 36.80 sxy

12.86 ENT?
12 +3 IV EnTER +JCN -] J.06 =
4.8C  xxx

The key is also a two-number operation. It is used to raise numbers to powers, and you

can use it in the same simple way that you use every other two-number function key:
1. Key in the first number.

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

4. Perform the operation (press E§).

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

The number displayed is always x.

So means square root of the displayed number, P means 1

- etc.
displayed number

Thus, to calculate 38:
Press Display

3 3. |
[3.00 ] 3.60 ENTH
6 x, the displayed num- 6.6¢ yx

ber, is now six. 728,60

¥y
¥z 729.00 The answer.

Now try the following problems using the key, keeping in mind the simple rules for two-
number functions:

16* (16 to the 4" power) = [ 65536.00
812 (81 squared) = 6561.00 (You could also have done this as a

one-number function using EQ.)

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

one-number function using (&g .)
2% (2to the 16" power) = [65536.00
16%* (4™ root of 16) =

o o o o W O O
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Chain Calculations

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

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

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

(1247) x7 =
/5

and then you would multiply the intermediate result by 7.

LR+ x7=
/5 x 7 =105

You work through the problem exactly the same way with the HP-97, one operation at a time.
You solve for the intermediate result first.....

(12 + 3)
Press Display
L E—
EIED 12,66 ENTH
3 Lea o+
Intermediate result. 15.88 *x»

. and then solve for the final answer. You don’t need to press to store the inter-
mediate result—the HP-97 automatically stores it inside the calculator when you key in the
next number. To continue...

Press Display

7 7 The intermediate re-
sult from the preced-
ing operation is
automatically stored
inside the calculator
when you key in this
number.
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8 Pressing the function
key multiplies the new o8
number and the inter- 185.85 g¥x

mediate result, giving
you the final answer.

Because the HP-97 stores intermediate results automatically, you don’t need to print them.
You can slide the Print Mode switch to NORM to preserve a record of your calculations, and
then press to print the final answer.

For example, when you solved the above problem in TRACE mode, you preserved all inter-

mediate and final results. To solve the same problem and preserve only a history of the
calculations:

TRACE
Slide the Print Mode switch man [T NoRM to NORM.

Press Display

12 Gz

3 ] 12.8€ ENTH
BBl ot
7 e
] apig
Preserves the final

answer in your printed
record.

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

To solve Press Display
(2 +3)
10 2
2.66 ENT?
3 3.608  +
.60 =
10 6.5a ¥y

[ -] 0.50 |
0.50

O Y N o O O O
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3(16 —4) 16
ENTER
— 16.06 ENT?
H 4- 89 5
: 3.086 X
B8 Axx
o i
14+7+3 -2
——4—~—~ 14
’ 14.6¢ ENTH
7.6+
3 3.66 +
.80 -
2 4,88 =
(=] 5.5 ¥k
4
e

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

(2 +3) X (@4 +5)

First solve for the contents
of these parentheses... ...and then for these parentheses ...

...and then you would multiply the
two intermediate answers together.

You work through the problem the same way with the HP-97. First you solve for the
intermediate result of (2 + 3)....

Press Display

2 2 ]

2.86 £NT?
3 (. ] 180 s
Intermediate result.
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Then add 4 and 5:

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

Procedure Press Display
@A+% x @+5 4EIEDSE 4.86 ENTT
5. 66 +
5 i

Then multiply the intermediate answers together for the final answer:

Procedure Press Display

@+% x 4+5) B8 45.00 o
| 5xg=d5 45.06 ¥

]
[N
,-J
_J
_B
L
-J
-
1 —
Notice that you didn’t need to write down or key in the intermediate answers from inside the I
| parentheses before you multiplied—the HP-97 automatically stacked up the intermediate T
] results inside the calculator for you and brought them out on a last-in, first-out basis when it .
: was time to multiply.
{ No matter how complicated a problem may look, it can always be reduced to a series of | -
5 one- and two-number operations. Just work through the problem in the same logical order o
you would use if you were working it with a pencil and paper.
-
| J—
-J
J
L_E
H
el
-J
L

For example, to solve:

9 +8) X7 +2
@ x5)

Press Display
9 8 Intermediate result of 9,82 ENTH
© + 8. s.60  +
7 2 Intermediate result of ?' BC ENT#
(7 +2). > 86 A
(9 + 8) multiplied by : ¥
7 +2). 4.8¢ ENT?
4 5 Intermediate result of 5.96
4 x5). . .
The final answer. 7.65 k&%
'
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Now try these problems. Remember to work through them as you would with a pencil and
paper, but don’t worry about intermediate answers—they’re handled automatically by the

calculator.

2 x3)+ (@ x5 =[2600 ]
(14 +12) X (18 —12) _

(CRal)

V638 x5 -

4x17-12) =10 -5 =[400 ]

V2 +3) Xx@+5 +V(E+T7) x@8+9 =[21.57 |

A Word about the HP-97

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

It is this unique system that gives you all these calculating advantages whether you’re writing
keystrokes for an HP-97 program or using the HP-97 under manual control:

®  You never have to work with more than one function at a time. The HP-97 cuts problems
down to size instead of making them more complex.

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

= Intermediate results appear as they are calculated. There are no “‘hidden’” calculations,
and you can check each step as you go.

s Intermediate results are automatically handled. You don’t even have to print out long
intermediate answers when you work a problem. (Of course, if you want intermediate
answers, the HP-97 printer will record them in TRACE.)

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

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

The HP system takes a few minutes to learn. But you'll be amply rewarded by the ease with
which the HP-97 solves the longest most complex equations. With HP, the investment of a
few moments of learning yields a lifetime of mathematical dividends.
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Section 2

Printer and Display Control

In the HP-97, you can select many different rounding options for display and printing of num-
bers. When you first turn on the HP-97, for example, the calculator ‘‘wakes up”” with numbers
appearing rounded to two decimal places. Thus, the fixed constant 7, which is actually in the
calculator as 3.141592654, will appear in the display as 3.14 (unless you tell the calculator
to display the number rounded to a greater or lesser number of decimal places).

Although a number is normally shown to only two decimal places, the HP-97 always com-
putes internally using each number as a 10-digit mantissa and a two-digit exponent of 10.
For example, when you compute 2 X 3, you see the answer to only two decimal places:

Press Display

2EED 38

However, inside the calculator all numbers have 10-digit mantissas and two-digit exponents of
10. So the HP-97 actually calculates using full 10-digit numbers:

2.000000000 X 10 3.000000000 X 10° g3

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

6.000000000 x 10%]

T — —
You see only these digits...J

L...but these digits are also present.

Display Control Keys

There are four keys, [FE3 . ,E8, and that allow you to control the manner in which
numbers appear in the display and are printed in the HP-97. followed by a number key
changes the number of displayed digits without changing the format. [FE§ displays and prints
numbers in fixed decimal point format, while permits you to see numbers in scientific
notation format. g displays and prints numbers in engineering notation, with exponents of
10 shown in multiples of three (e.g., 10%, 1078, 10'%).

No matter which format or how many displayed digits you choose, these display control keys
alter only the manner in which a number is displayed and printed in the HP-97. The actual
number itself is not altered by any of the print options or the display control keys. No matter
what type of display you select, the HP-97 always calculates internally with numbers consist-
ing of full 10-digit mantissas multiplied by 10 raised to a two-digit exponent.

In NORM or TRACE, the printer immediately indicates when you change display format, and
any new results will be shown in the new format.

L1
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Display Number Changes

The (display) key followed by a number key specifies the number of digits that your
HP-97 will display and print. For example, when you turn the HP-97 ON, it **wakes up’’ with
two digits displayed after the decimal point. Using the key and the appropriate number
key (0-9), you can display up to nine digits after the decimal point. For example:

TRACE
Slide the Print Mode switch man [T ~orm to MAN so that you can concentrate on the display
changes.

Press Display

(Turn the calcu-
lator OFF, then
ON) Calculator ‘‘wakes
up’’ with two digits
shown after the
decimal point.

4 0.0000 Four digits shown
after decimal point.

9 Nine digits shown
after decimal point.

2 Two digits shown after

decimal point.

In the next few pages, you will see how the and number keys are used in conjunction with
3. , and to display numbers in any of a wide variety of formats.

Scientific Notation Display

10-digit mantiss
9 + ssa Exponent of 10

A \

~

4 ——

A

Sign of exponent of 10

Scientific Notation Display

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

Scientific notation is selected by pressing [E8) . The key followed by a digit key is then
used to specify the number of decimal places to which the number is rounded. The display
is left-justified and includes trailing zeros within the setting selected by the key. The
printed copy is right-justified. To change the number of places displayed after the decimal
point, use the key followed by the appropriate number key.
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For example:

Press Display |

(Turn the calcu-
lator OFF, then
ON.) Calculator ‘‘wakes
up’’ with two places
displayed after the

decimal point.

1234567

1.23 02] Displays 1.23 X 102,

Two decimal places

shown after decimal

point.

Displays 1.2346 x 102

Notice that the dis-

play rounds if the first

hidden mantissa digit

is 5 or greater.
1

[osp) 4

7 1.2345670 02| Displays 1.2345670 X
102

9 1.234567000 02| Displays 1.234567000
x 102,

-+ Displays 1.2346 X 102,

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

Fixed Point Display

10 digit number
.

Sign —»

Decimal point

Fixed Point Display

When you first turn the HP-97 ON, the display you see is FIX 2—that is, fixed point display
with two decimal places shown. In fixed point display, numbers are shown with a fixed num-
ber of displayed digits after the decimal point. The number begins at the left side of the display
(or the right side of the printed tape) and includes trailing zeros within the setting selected.
Fixed point format is selected from the keyboard with the key. After you have specified
fixed point format, you can use the key followed by the appropriate number key (0-9) to
select the number of places to which the display is rounded.
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For example:
Press Display

123.4567 [123.4567
[ Fix | [ 123.4567

0 123.
7 123.4567000

1 (7235 _

2
Engineering Notation Display

One significant digit
always present. —$

e p—

X

Specified significant digits

Display is rounded to
the four decimal
places you specified

earlier.

Notice that the display
rounds if the first
hidden digit is 5 or

greater.

Normal FIX 2 display.

after the first digit.

S

4

Exponent of 10

always a multiple of three.

Engineering Notation Display

Engineering notation allows all numbers to be shown with exponents of 10 that are multiples
of three (e.g., 10°, 107%, 10'%). This is particularly useful in scientific and engineering calcula-
tions, where units of measure are often specified in multiples of three. See the prefix chart

below.
Multiplier Prefix Symbol
102 tera T
10° giga G
108 mega M
10° kilo k
10-? milli m
10°¢ micro I
10° nano n
10 pico p
10 femto f
L 10 atto a

Engineering notation is selected by pressing B8 . The first significant digit is always present
in the display. When you press followed by a number key, you specify the number of
additional displayed digits after the first one. The decimal point always appears in the display.

o O

r



| ¢t 4 ¢ ¢ Y

-
|

Printer and Display Control 39

For example:

Press Display

.000012345 .000012345

ENG 12.3 -06| Engineering notation
display. Since you had
specified 2 in the
previous example, the
number appears here
rounded off to two
significant digits
after the omnipresent
first one. Power of 10
is proper multiple of
three.

3 Display is round-
ed off to third signifi-
cant digit after the
first one.

9 [12.34500000-06]

0 10. -06| Display rounded off to

first significant digit.

Notice that rounding can occur to the left of the decimal point, as in the case of @9 0 specified
above.

When engineering notation has been selected, the decimal point shifts to show the mantissa as
units, tens, or hundreds in order to maintain the exponent of 10 as a multiple of three. For
example, multiplying the number now in the calculator by 10 causes the decimal point to shift
to the right without altering the exponent of 10:

Press Display
2 12.3 -06] ENG 2 display.
0] ENG 2 display.

However, multiplying again by 10 causes the exponent to shift to another multiple of three and
the decimal point to move to the units position. Since you specified ENG 2 earlier, the HP-97
maintains two significant digits after the first one when you multiply by 10:

Press

108

Display
1.23

-03

Decimal point shifts.
Power of 10 shifts to
1073, Display main-
tains two significant
digits after the first
one.
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Format of Printed Numbers

When using the printer, whether you are in MANUAL or NORMAL modes (where you must
press to see answers) or in TRACE (where the HP-97 automatically prints answers
as they are calculated), printed numbers can be shown in any display format—fixed point,
scientific notation, or engineering notation. By selecting the display format, you also select
the print format.

Results from your HP-97 are always displayed and printed in the format that you have chosen.
The three-asterisk label that you see printed next to a result is a guarantee that it is in the
chosen display format. Although numbers in the display are left-justified, printed numbers are
right-justified.

Numbers that you key in—that is, numbers that are nor the results of operations—are also
printed by the HP-97. When you key in a number with the Print Mode switch set to NORM or
TRACE, the HP-97 does not print it until you change display format or press a function key.
Then the number is printed exactly as you keyed it in. (One case is an exception to this rule—
more about that later.) A number that you keyed in is not the result of an operation, and no
asterisks are printed to its right. Subsequent results, of course, are printed in the selected
format with a three-asterisk label. For example:

TRACE
Slide the Print Mode switch man ll[[[[Inorm to NORM.

Press Display
.0000123456 .0000123456
3 1.235 =05 When you press any

function, the number
is first printed just
as you keyed it in.
1.235 -05| Results of functions,
including display for-
matting, are printed -888012345¢ ngg‘r
in the selected format. J.235-g5 nspa
1234567890 G ot
6 Th is pri
&3 Jhe number Is printed | __ 1 r34567896. ENG
you keyed it in. DSPE
1.234568 09| The three-asterisk G :
label guarantees that | A4 1.234568+87  ¥*x
the number is now in
the selected format.

(Notice that the HP-97 prints a + sign to show you positive exponents of 10.)

Thus, whenever you key in a number, the HP-97 prints it just as you keyed it in; then the
format is changed. It is easy for you to reconstruct your calculation because your exact inputs
are identifiable from your printed copy.

—
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When you have keyed in a number, there is one time that the HP-97 will change its format
before printing. If you have specified fixed point notation (by turning the calculator OFF, then
ON, or by pressing ) and the number keyed in is also in fixed point format (i.e., you have
not pressed @2 ), the HP-97 will attempt to align the decimal points for easy readability on
your printed copy. It will do this in fixed point notation by printing the number that you keyed
in in the specified format (if the number can be printed without truncating), adding trailing
zeros if necessary.

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

Example: You begin the month with a balance of
$735.43 in your checking account. During the month,
you write checks for $235, $79.95, $5, $1.44, $17.83,
$50, and $12.40. Calculate the closing balance for the
account and preserve a printed record of your
calculations.

First, ensure that the Print Mode switch MAN%NOW is set to NORM.

Press Display

2 Sets FIX 2 display

mode. (Display shown

assumes that no results
remain from previous
) example.) FIy
735.43 (73543 ] DSP2
2358 | .500.43 ] Two extra zeros print- 775,43 E;T;
ed so that decimal }_.____-_ 235' Bé i
points will line up. ?_9. o
79958 The number is printed 5' 'éE =
exactly as you keyed } 1' 2 4 .
it in. ?' o .
58 Two extra zeros } '158. gt
printed. o

1248 =~
1448 [414.04 81 rak

17.83 8 396.21

508 346.21 | Two extra zeros }

printed.
12483 [33387 ' One extra zero printed. }
[333.81 Closing balance.
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You need not worry about ‘‘losing’’ digits on the printed copy. The HP-97 printer will never
truncate digits (not even extra zeros) that you have keyed in. For example, if you wanted to
set aside 5/10000 of the closing balance of your account for a present for your sister-in-law:

Press Display
-0005
8 Entire number is
printed—not rounded
to FIX 2. e R
0.17 Amount set aside for 8.17 ¥xx
sister-in-law’s gift. /

Result of function is
rounded to FIX 2.

Automatic Display Switching

The HP-97 switches the display from fixed point notation to full scientific notation (SCI 9)
whenever the number is too large or too small to be seen with a fixed decimal point. This
feature keeps you from missing unexpectedly large or small answers. For example, if you
try to solve (.05)® in normal FIX 2 display, the answer is automatically shown in scientific
notation:

Press Display

CLX Normal FIX 2 display

from previous

LY

example. £ CHTH

05 0.05 368 ¥
368 1.250000000-04| Display automatically 1.258898995.-94 EX¥

switched to SCI 9 to
show answer.

After automatically switching from fixed to scientific, when a new number is keyed in or
is pressed the display automatically reverts back to the fixed point display originally
selected.

The HP-97 also switches to scientific notation if the answer is too large (=10'°) for fixed point
display. For example, the display will not switch from fixed if you solve 1582000 x 1842:

Press Display

1582000 1582000.00 1 582886- GC EN"!‘A!«
1842 83 Fixed point format. 1842.06 =
2014044860, ¥¥x

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

Press Display
10a 2014044000 10| Scientific notation 18,606 %
2,514B844888+1C ¥%x%

format.

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

Keying In Exponents of Ten

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

Press Display

15.6 L —
12 15.6 12| (This means

15.6 X 10'2)
Now Press Display
15.6+12 ENTY
1.560000000 13 25, BG X

258 3.900000000 14 3.960000086+1% ¥¥¥

You can save time when keying in exact powers of 10 by merely pressing and then
pressing the desired power of 10. For example, key in 1 million (108) and divide by 52.

Press Display
EEX 1. 00| Youdonothavetokey
in the number 1 before
pressing @23 when the
number is an exact
power of 10.
6 o] 1,466 ENT?
1000000.00 Since you have not 192?3: gg t;t

specified scientific
notation, the number
reverts to fixed
point notation when

you press LD
28 19230.77
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To see your answer in scientific notation with six decimal places:

Press Display

&
6 1.923077 __ 04 ﬁgg é )
[PRINT x D .
— 1923077 04 1.923077+04 ¥xx M

To key in negative exponents of 10, key in the number, press EFJ, press to make the
exponent negative, then key in the power of 10. For example, key in Planck’s constant
(h)—roughly, 6.625 X 1077 erg sec.—and multiply it by 50.

Press Display

0.000000 __ 00

|

I!

Calculator Overflow

When the magnitude of the number in the display would be greater than 9.999999999 x 10,
the HP-97 displays all 9’s to indicate that the problem has exceeded the calculator’s range.
For example, if you solve (1 X 10%) X (1 X 10%°), the HP-97 will display the answer:

Press Display

[0.00 LY
49 1.000000000 49 1.+4% ENT?
50683 1.000000000 99 1.456 X
1.6880888BA+2S XXy

But if you attempt to multiply the above result by 100, the HP-97 display indicates overflow
by showing you all 9’s:

Press Display

100 B3 Overflow indication. a, 999999;33;22 ‘:*

2 [000 Ly Nl

6.625 6.625 00 FIX

(6625 —o0) .. Dsez

27 (6625 —27] it

6.625000000-27 = ?1?589898:‘-“; ot

50 8 G Erg sec. e . ‘
—
J
i
_B
P
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Error Display

If you happen to key in an improper operation, or if a magnetic card fails to read properly, the

word will appear in the display. In addition, if the Print Mode switch

TRACE
man JMlnorm  is set to NORM or TRACE, the printer will print ERROE,

For example, if you attempt to calculate the square root of —4, the HP-97 will recognize it as

an improper operation:

. . TRAC .
Ensure that the Print Mode switch gan H\I norm is set to NORM.

Press Display

4E8 -4. -4.88 JX
| Error ERRCE

Pressing any key clears the error and is not executed, while pressing the paper advance
pushbutton clears the error and is executed. The number that was in the display before the
error-causing function is returned to the display so that you can see it. Sliding the PRGM-RUN
switch to PRGM also clears the error. When the PRGM-RUN switch is then returned to
the RUN position, the number that was in the display before the error-causing function is
again returned there. The rest of the calculator remains unchanged. To clear the error:

Press Display

As you know, when the calculator is out of paper, any operation that would normally cause the

calculator to print instead causes an display. Notice that when the Print Mode
switch is set to NORM or ALL , function keys like GGy or B cause an [ Error _ |dis-
play when the calculator is out of paper.

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

Low Power Display

When you are operating the HP-97 from battery power, a red lamp inside the display will
glow to warn you that the battery is close to discharge.

[]
6.02 23 Low Power Display

You must then connect the ac adapter/recharger to the calculator and operate from ac
power, or you must substitute a fully charged battery pack for the one that is in the calculator.

Refer to appendix B for descriptions of these operations.
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Section 3

The Automatic Memory Stack

The Stack

Automatic storage of intermediate results is the reason that the HP-97 slides so easily through
the most complex equations. And automatic storage is made possible by the Hewlett-Packard
automatic memory stack.

Initial Display
(You can work through this section with the Print Mode switch at any setting you desire.

However, the printed tapes that illustrate the examples in this section were created with the
TRACE
Print Mode switch man [[lllinorm set to NORM.)

When you first switch the calculator ON, the display shows . This represents the
contents of the display, or ‘‘X-register.”

Basically, numbers are stored and manipulated in the machine *‘registers.”” Each number,
no matter how few digits (e.g., 0, 1, or 5) or how many (e.g., 3.141592654, —23.28362, or
2.87148907 X 10*7), occupies one entire register.

The displayed X-register, which is the only visible register, is one of four registers inside the
calculator that are positioned to form the automatic memory stack. We label these registers
X,Y.Z, and T. They are ‘‘stacked’” one on top of the other with the displayed X-register on
the bottom. When the calculator is switched ON, these four registers are cleared to 0.00.

Switch the HP-97 OFF, then ON.

Name  Register

T ~ 0.00
Z 000
Y 000
X | 0.00 Always displayed.

You can view the contents of the entire stack at any time by printing them using the PRINT:

(print stack) key.

Press Display
PRET
. g.pe 7
BB PRINT: [STack 0.00 g.6c
8.68 Y
gian

Notice that {8 PRINT: [S7ack], like and the other print functions, operates regard-
less of the position of the Print Mode switch.

a7
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Manipulating Stack Contents

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

Reviewing the Stack
To see how the B key works, first load the stack with numbers 1 through 4 by pressing:

4,88 ERT?
(EEED EIED 2GEED ! 3.68 ENT?
2.B8 ENTY

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

| 4.00
3.00
2.00 |
1. Display

X< N-H

To see the contents of the stack now:

Press Display
1.8 FRET
- $.06: T
£ PRINT: 3. 8¢ =
2.8 oy
l.e6 X

When you press the @@ key, the stack contents shift downward one register. So the last
number that you have keyed in will be rotated around to the T-register when you press (@ .
When you press GIJ again, the stack contents again roll downward one register.

To see how the G key operates, press [l PRINT: to list the stack contents after each
press of the (I3 key:

Press Display
R
FRET
o 1.66 T
3 PRINT: [STacK 2.00 4. 660 7
S.E8 Y
Z.B3 A

.

H 4 O e
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Press Display
PES;
[Re ] 280 L
3 PRINT: (STACK [3.00 | i Eu_: g
« B0 Y
3.0 X

- Tl el
@ PRINT: [STAcK) 33 5
g.fE K

R

FRST

@ 4.86 T
@ PRINT: (57AcK) 2007
g e

1.88 X

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

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

GO key.

Exchanging x and y

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

...from this... ...to this.
T [400 | T 400 |
z 300 z 300 |
vz — ¥ 10O |
i — - 4 )
Display X  1.00 | X 200 | Display
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You can verify this by first listing the stack contents and then pressing E33 . To see the results,
list the stack contents again:

Press Display
PR a6
4.66 1
J.88 &
LA
@B PRINT: (STAck) [1.00 Tl N
:
@ PRINT: (57ack] [2.00 “gg};
FTRai
4.80 T
O
j. 6 v
2,00 X

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

Clearing the Display

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

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

... from this ... ... to this.
T |4.00 T 400
Z 3.00 Z 300 e
Y 100 Y [100 5
X |2.00 Display X |0.00 Display
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You can verify that only the X-register contents are affected by listing the stack contents after
you have pressed [Z%3:

Press Display
eRET
@ PRINT: (Siack] [ 0-00 ;' gﬁ ;
.88 Y
8.6 X

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

The Key

When you key a number into the calculator, its contents are written into the displayed X-
register. For example, if you key in the number 314.32 now, you can see that the display
contents are altered.

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

... from this ... ... to this.
E— .
T 400 T [400
Z 300 zZ 300
Y 100 Y 100
X | 000 | Display X | 314.32 Display

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

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

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

... from this ... ... to this.
—— i
: f
- " | - 77 E
Y L'ﬂ. | Y 31432 214,22 ENTY
X | 314.32 Display X | _:ﬂszj Display

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

off the top of the stack.
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Immediately after pressing EYI{ZE, the X-register is prepared for a new number, and that new
number writes over the number in X. For example, key in the number 543.28 and the con-
tents of the stack registers change...

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

T [3.00 T 300

Z 100 Z 100

Y 31432 Y 31432

X | 314.32 Display X | 543.28| Display

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

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

... from this ... «+. to this.

T [300 T [3.00

Z 100 | zZ [100

Y 31432 Y 31432

X 543.28 | Display X |o0.00 | Display

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

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

T 300 | T |[3.00

zZ 100 | zZ (100

Y |31432 Y (31432

X 0.00 | Display X 689.4 | Display

Notice that numbers in the stack do not move when a number is keyed in immediately after
you press Iz, , or one of the PRINT functions. However, numbers in the stack do
lift upward when a new number is keyed in immediately after you press most other functions,
including (54, @, and B . See appendix D, Stack Lift and LAST X, for a complete list of
the operations that cause the stack to lift. (If you follow a regular function like G or E@ with
a PRINT function, then key in a number, the stack will lift.)

One-Number Functions and the Stack

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

For example, with numbers positioned in the stack as in the earlier example, pressing the
key changes the stack contents...

-
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... from this ... ... to this.
T [3.00 T [300
z Z 100
St 89, 4 .
Y Y ﬁ14.32 §89.30. 28
X Display X | 26.26 | Display

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

Two-Number Functions and the Stack
Hewlett-Packard calculators do arithmetic by positioning the numbers in the stack the same

way you would on paper. For instance, if you wanted to add 34 and 21 you would write 34 on
a piece of paper and then write 21 underneath it, like this:

34
21

and then you would add, like this:

34
+21

55

Numbers are positioned the same way in the HP-97. Here’s how it is done. (As you know, it
is not necessary to remove earlier results from the stack before beginning a new calculation,
but for clarity, the following example is shown with the stack cleared to all zeros initially.
If you want the contents of your stack registers to match the ones here, first clear the stack by
using the and keys to fill the stack with zeros.)

34 34 34 is keyed into X.
ENTER+ 34.00 34 is copied into Y.

2 21 writes over the
34 in X.

34,22 ENTE

2

Press Display

Stack cleared to zeros ‘

[0.00 ][ initially. __cLTx

0.00 | i’i}l
- ENT?
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Use the @ PRINT: function to see how 34 and 21 are sitting vertically in the stack as
shown below:

Press Display

3 PRINT: (STACK 21.00

Since the two numbers are now sitting vertically in the stack, we can add. Add the two num-
bers, then print the contents of the stack again to see how the two numbers combine and the
answer is seen in the displayed X-register.

Press Display
+
FRET

The answer.
8.64 ¥
B3 PRINT: [STACK 55.00 8.6: z
8.88 Y
vo.e8 X

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

Chain Arithmetic

You've already learned how to key numbers into the calculator and perform calculations with

them. In each case you first needed to position the numbers in the stack manually using the
ENED key. However, the stack also performs many movements automatically. These auto-

matic movements add to its computing efficiency and ease of use, and it is these movements
that automatically store intermediate results. The stack automatically *‘lifts”> every calculated
number in the stack when a new number is keyed in because it knows that after it completes
a calculation, any new digits you key in are a part of a new number. Also, the stack auto-
matically ‘‘drops’” when you perform a two-number operation.

To see how it works, let’s solve
16 +30 +11 +17 =?

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

:j
.
=
E

P

i

|




{4 4 4 4 ¢ ¢ ¢ |

i

The Automatic Memory Stack 55

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

the 8 PRINT: function.
Press Stack Contents

16 T (000 |
z 102 B 16 is keyed into the displayed
Y 000 |  X-register.
X 16 |
T [000
Z | 000 71 16 is copied into Y.
Y 16.00 |
X [76.00 |
30 T [000
Z |00 30 writes over the 16 in X.
Y |16.00
T 000 |
Z 000 | 16 and 30 are added together.
Y |0.00 The answer, 46, is displayed. 16.656 EHT+
X |46.00 | 36.60 +
11.886 +
1 . . 1500 &
11 T |000 1'1 is keyed mto. the 74.00 %
Z 0.00 | displayed X-register.
Y | 46.00 | The 46 in the stack is
X |11 automatically raised.
T 000 |
Z 000 | 46 and 11 are added together.
Y o000 The answer, 57, is displayed.
X [57.00 |
17 [o. |
; | ggg — 17 is keyed into the X-register.
Y 57 00 | ?7 is automatically entered
X 17, into Y.
T | 0.00
Z 0.00 57 and 17 are added together
Y 0.00 for the final answer.
X |74.00

Sp——
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After any calculation or number manipulation, the stack automatically lifts when a new num-
ber is keyed in. Because operations are performed when the operations are pressed, the length
of such chain problems is unlimited unless a number in one of the stack registers exceeds the
range of the calculator (up to 9.999999999 x 10°9),

In addition to the automatic stack lift after a calculation, the stack automatically drops during
calculations involving both the X- and Y-registers. It happens in the above example, but let’s

do the problem differently to see this feature more clearly. For clarity, first press to clear
the X-register. Now, again solve 16 + 30 + 11 + 17 = ?

Press Stack Contents
16 T 000 |
z 0.00 | 16 is keyed into the displayed
Y | 000 X-register.
X 16. |
T 0.00 |
Z 0.00 16'i5 comied into Y
Y 715700_‘\ is copied into Y.
X [ 1600
30

30 is written over the 16 in X.

X < N-
-

= oo

°29s s

|" o8&
=] ‘

E
T [000 |
r4 16.00 | 30 is entered into Y.
Y 30.00 | 16 is lifted up to Z.
X 30.00 1
1 T [o0.00
Z | 16.00 11 is keyed into the displayed
Y | 3000 X-register.
X 1.
; ;ggg 11 is copied into Y. 16 and 30
: are lifted up to T and Z
Y 100 respectivel
X | 11.00 P _y ’
17 T [ 16.00
z ﬂ0‘| 17 is written over the 11 in X.
Y 11.00 |
X [17. |

1

4 W Y W O O N e

I



{4 gt 44t {4

A

The Automatic Memory Stack 57

17 and 11 are added together

+ T 16.00
a Z  16.00 and the rest of the stack drops.
Y --50'00 ‘ 16 drops to Z and is also du-
X 28'00 1 plicated in T. 30 and 28 are ready
D to be added.
16.88 ENT?
36.8B8 ENT?
+ T [|16.00 | 1L REENTT
Q z ngo— 30 and 28 are added together 17.86 +
Y TG.OO 1 and the stack drops again. Now +
X | —— 16 and 58 are ready to be added. ¥
1 58:00 | 74,868  Hxx
; l 16.00 T 16 and 58 are added together for
" Y I 16'22 the final answer and the stack
X t—;goo 1‘ continues to drop.

J

The same dropping action also occurs with 3 , E3 and @ . The number in T is duplicated in T
and drops to Z, the number in Z drops to Y, and the numbers in Y and X combine to give the
answer, which is visible in the X-register.

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

Order of Execution

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

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

Experienced HP calculator users have determined that by starting every problem at its inner-

most number or parentheses and working outward, just as you would with paper and pencil,
you maximize the efficiency and power of your HP calculator. Of course, with the HP-97 you
have tremendous versatility in the order of execution.

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




value that was last displayed in the X-register before the performance of a function. To place
the contents of the LAST X register into the display again, press [} (LasT x).

B

-

58 The Automatic Memory Stack
Press Display
3 —
4
0.75 Intermediate answer -
for (3 =+ 4). -
5 5. '
[ 500 | -
2 Cz__ ] pr
[} Intermediate answer
for (5 + 2). . —
a8 Intermediate answer .
for 3 +4) — (5 +2). 3.86 ENT?
sl s !—-7
4 5.80 ENTT
2oe
3 3 o e
12.00 Intermediate answer i-&‘:‘ ‘-""_”
for (4 X 3). Z.ea *
. -
Intermediate answer 3.88 ENTT —
for (3 +4) —(5 +2) sl s
+(4 % 3). :
5.60 X —.
3 96,28 ¥¥+ l
213 l:—"I
8 Intermediate answer
for (3 x .213).
16.04___| o
5 [ 5 . | The first number is )
keyed in. (-
[ | 80.20 The final answer. I
80.20 -
—
LAST X —
In addition to the four stack registers that automatically store intermediate results, the HP-97 __I
also contains a separate automatic register, the LAST X register. This register preserves the ‘......
B
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Recovering from Mistakes !

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

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

Press Display
12
31578 Oops! You made a -

mistake. 12.8€ ENT?

Bulr =

(1) Retrieves that last fCTY

entry (3.157). x
[ x ] You're back at the 2;51 gg_ R:t \

beginning.

21578 The correct answer.

In the above example, when the first [ is pressed, followed by 3 (C2ST %), the contents of the i
stack and LAST X registers are changed... .

... from this ... ... to this ... ... to this.
T |[o0.00 T [o0.00 T lT_Jlo_q
z o000 | z 000 z 000
Y 1200 — Y [o0.00 ] Y [380 w
r,, el ‘ b ~ |

This makes possible the correction illustrated in the example above.

Recovering a Number for Calculation

The LAST X register is useful in calculations where a number occurs more than once. By
recovering a number using (CAST 5, you do not have to key that number into the calculator
again.

Example: Calculate

7.32 + 3.650112331
3.650112331

{4 4 g 4 g 44 g4 4 4 g
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60 The Automatic Memory Stack

Press Display

7.32 7.32 l

7.32 7.32 ENT#

3.650112331 3.650112331 ke e

1 i

10.97 Intermediate answer. 3.650112331 ; c:\..-

[t ISR 3.65 | Recalls 3.650112331 gy
. to X-register. T 65 i

a8 3.01 The answer.

Gor ]

Constant Arithmetic

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

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

Method: Put the growth factor (1.15) in the Y-, Z-,
and T-registers and put the original population (1000)
in the X-register. Thereafter, you get the new popu-
lation whenever you press EJ. Try working this
problem with the Print Mode switch set to TRACE so
that you'll have a record of all the answers without
pressing each time.

. . TRACE
Slide the Print Mode switch manTTMnorm to TRACE.

Press Display
1.15 Growth factor.
[1.15 1.15 ENTH
1.15 ENTY
1.15 Growth factor now EHT*
in T. i686.86  =x
1000 Starting population. 1156.66 ¥ix
[ ] Population after 1%
day.

) W O o
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The Automatic Memory Stack 61
Press Display
Population after 2™ =
day. 1322.58 xx¥%
] Population after 3™ X
day. 1526.82 kk¥
[ x | Population after 4" X
' day. 1745961  *xx
[ ] Population after 5 %
day. 2811.36 xxx
[ x| Population after 6 ®
day. 2313.6c  *xx

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

Notice that performing a two-number operation such as EJ causes the number in the T-register

to be duplicated there each time the stack is dropped. However, the D key, since it rotates
the contents of the stack registers, does not rewrite any number, but merely shifts the numbers

that are already in the stack.

B
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Section 4

Storing and Recalling Numbers

You have learned about the calculating power that exists in the four-register automatic memory
stack and the LAST X register of your HP-97 calculator. In addition to the automatic storage
of intermediate results that is provided by the stack, however, the HP-97 also contains 26
addressable data storage registers that are unaffected by operations within the stack. These
registers allow you to manually store and recall constants or to set aside numbers for use in
later calculations. Like all functions, you can use these storage registers either from the key-
board or as part of a program.

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

Automatic Memory Stack Addressable Storage Registers
S Primary Registers
4\7-( I ]
x| Re[ ]
- i —
tastx [ ] Rl
Re[ ]
Rl ] i
Protected

Secondary Registers

R[] Rs: B
Ry :] Hse :}
R ] A B
R ] R
R[] R EE A |
RO ] Rs, EEE
R[] R BN
ReC_ ] Rs. [
R, R (A
Rl ] Ry, R

B2



64 Storing and Recalling Numbers

Storing Numbers

To store a displayed number in any of the primary storage registers:

1. Press (store).
2. Press the letter key (E§ through @, E8) or the number key ([@ through [8)) of the

desired primary register address.

For example, to store Avogadro’s number (approximately 6.02 X 10*) in register Ry

TRACE
Slide the Print Mode switch to NORM wman [ll[[[]vorm if you want your printed tape to match

the ones shown here.

Press Display
6.02 E3 23 [6.02 23 |
2 [6.020000000 23 | £.82+23 £T02

Avogadro’s number is now stored in register R,. You can see that when a number is stored, it
is merely copied into the storage register, so 6.02 x 102 also remains in the displayed
X-register. To store the square of Avogadro’s number in register Rg:

Press Display
[ x?] 3.624040000 47 Xz
(5] 3.624040000 47 | STOE

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

Recalling Numbers

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

1. Press (recall).
2. Press the letter key ( Y through @) or the number key ( (0] through [g])) of the desired
primary storage register address.

For example, to recall Avogadro’s number from register Ry:

Press Display
2 ((6.020000000 23 | ‘ RCLZ

L EL LB L PR L

T T T
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Storing and Recalling Numbers 65

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

Press Display
(5] [3.624040000 47 | RCLE

When you recall a number, it is copied from the storage register into the display, and it also
remains in the storage register. You can recall a number from a storage register any number
of times without altering it—the number will remain in the storage register as a 10-digit num-
ber with a two-digit exponent of 10 until you overwrite it by storing another number there, or
until you clear the storage registers. For example, even though you earlier recalled Avogadro’s
number from storage register R,, you can recall it again:

Press Display
2 [ 6.020000000 23 | REL2

The =2 Register

The B8 register has a number of special properties that make it useful in programming,
but these will be discussed later. When you are using the HP-97 manually, calculating from
keyboard, the I-register is the most convenient storage register because you only need press
g3 o recall its contents. You do not have to press (although BB is a perfectly valid
operation). To store a number in the I-register, you must press (1]

Example: Three tanks have capacities in U.S. units of 2.0, 14.4, and 55.0 gallons, respec-
tively. If 1 U.S. gallon is equivalent to 3.785 liters, what is the capacity in liters of each of the
tanks?

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

Press Display |
3.785 Constant placed in =
I-register. 3.785 STCI :
28 7.57 Capacity in liters of 2.8 ¥ i
1 tank. LET kAR E
PRINT X 14.48 RCLI £
1440 Capacity in liters of % |
2" tank. 54,50 ¥ax \
55.88 RCLI i
558 Capacity in liters of ¥ i
3% tank. 206,16 xxx |
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Protected Secondary Storage Registers

In addition to the primary storage registers, your HP-97 also provides you with 10 secondary
storage registers that are protected; that is, you cannot access the secondary storage registers
directly with and GEM. These registers are used most often by the statistical function
(about which more later) and for programming purposes. However, they can be accessed
manually from the keyboard by using the key.

For example, in order to store a number from the displayed X-register into secondary storage
register Rg;s, you first store the number in primary register R; and then press {3} (primary
exchange secondary). When you press [Fz5], the contents of the primary registers R, through
R, are exchanged with the contents of secondary storage registers Rg, through Rgy. No other
storage or stack registers are affected.

For example, to store 16,495,000 (the number of persons carried daily by the Japanese
National Railway) in secondary storage register Rgs:

Press Display

16495000 16495000.

5 16495000.00 Number stored in
register Rs.

1] 16495000.00 All secondary regis- 16495888, 86 TS
ters exchanged with 20

numbered primary
registers, so number is
now stored in second-
ary storage register
Rss.

With results from previous examples intact, when you pressed in the above example, the
contents of all numbered storage registers were exchanged.

So the contents of the storage registers changed...

FhaEhe Ele Ele Ehe Tl Tl Fle Tha FlaTle Fha Fha Lol Rkl
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... from this ...
Primary Registers
I
Re[0.00
Ro( 0.00
RJ[0.00 |
R, [3.6240400000 47
R00O ]
Secondary Registers
R.[0.00 T—= Rs.[0.00 |
Ra 0.00 -~ RSBW-OO _]
R, [0.00 ]=—= Rs,/[0.00 ]
Rs[0.00 ] =—= R¢.[0.00 ]
Rs[16495000.00  |<—— Rss[0.00 ]
R.|0.00 — Rs.[0.00 ]
Rs[ 0.00 —" Rs:[0.00 ]
R.[6.0200000000 23] =— Rs.[0.00 )
R, [0.00 —]=— R [0.00 ]
R.[0.00 ]=—=Rs0 [0.00 ]
... to this.
Primary Registers
1 [3.785
Re[0.00 ]
Rp| 0.00
o000 ]
Rg [3.6240400000 47]
Raf000 |
Secondary Registers
R, [0.00 ] Rs. [0.00 E|
R, [0.00 ] Rse [0.00 i
R, [0.00 ] Rs; [0.00 |
Re [0.00 ] Rss [0.00 |
R, [0.00 | Rss [ 16495000.00 |
R.[0.00 ] Rs. [0-00 &l
R, [0.00 ] Rs: [0.00 o
R. [0.00 ] Re. [6.020000000 23]
R, [0.00 ] Rs [0.00 1
R, [0.00 ] Rs, [0.00 1

67



68 Storing and Recalling Numbers

When you press [PxS), the contents of each number-addressed primary storage register are
exchanged with its opposite-numbered secondary storage register. Thus, in order to bring
out the numbers that are now in the secondary storage registers, you must use the [J
keys followed by the key and the number key of the register address. For example,
to recall the number of persons carried daily by the Japanese National Railway, you cannot
merely press 5 now, since the number in primary storage register Ry is 0.00:

Press Display

s Ao 5

However, you can press [ to bring the stored quantities back into the primary storage

registers, then summon the desired quantities by pressing followed by the number key
of the desired address:

Press Display
5 16495000.00 Number of persons “c

carried daily by the
Japanese National
Railway.

RCLS

When you press » only the contents of the primary and secondary registers are exchanged.
The actual registers remain intact and are not exchanged.

You can place numbers in corresponding primary and secondary registers and recall them at
will. For example, to place the number of persons carried infive days by the Japanese National
Railway into secondary register Rgs while leaving the number of persons carried daily intact
in primary register Rs:

Press Display

58 82475000.00
1 X
(1] 82475000.00 S.ee i
) -
oT
5 82475000.00 £T05
P2
[ £ ] 82475000.00

] o O
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You can now use 5 to summon the number of persons carried daily, and £} followed
by 5 to summon the number of persons carried in five days:

Press Display

5 16495000.00 RCLS
Ay 16495000.00 P3s
5 82475000.00 RCLS

Printing the Storage Registers

You can see the contents of all of the primary storage registers at any time with the PRINT:
key. Simply press f PRINT: to print a listing of the contents of all the storage
registers. For example, if you have worked through the examples as shown above, printing
the contents of the storage registers should give you a listing like the one shown below.

Press Display
FREG

8.86
8. 6&
8. 6e
8. eE
8.ac
82475088, 60

@ PRINT. ke

6.86
8. 66
Bt GE
Z.624840008+47
é.6e
8. 86
8.e¢
3.78

M= FRED € U0 23 L K0 Ny O B g P ke 0D

If you want only a partial listing of the primary storage registers, you can stop the printing of
them at any time by pressing or any other key from the keyboard. The key function is
not executed.
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To see a listing of the contents of the secondary storage registers, simply press 3 to bring
those contents into the primary registers, then press ] PRINT: to print all primary
registers again. For example:

Press Display

R
FREG

B.BE ¢

6.8c i

t.BZ0000886+23 ¢

g.eg 2

B.668 4

1€425888.66 &

@ 6.66 ¢
o

3 PRINT 82475000.00 8. @ p
g.e¢ 3%

6.6 =&

Z.€2464p888+57 B

B. 88 &

6.66 [

8.0 . F

T i

Naturally, if you want the present contents of primary registers R, through R, returned to the
secondary storage registers, you must press [ again.

Clearing Storage Registers

Even though you have recalled the contents of a storage register into the displayed X-register,
the number also remains in the storage register. You can clear primary storage registers in
either of two ways:

= To replace a number in a single storage register, merely store another number there. To
clear a storage register, replace the number in it with zero. For example, to clear storage
register R,, press 0 2.

w To clear all primary storage registers back to zero at one time, press [ (CLREG).
This clears all primary storage registers, while leaving the automatic memory stack and
the secondary storage registers unchanged.

)

o O W 2 o N o O
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e
To clear the secondary storage registers, use the key to bring their contents into the
primary registers, then clear those registers in either of the methods described above.
- For example, to clear storage register R only, then to clear all primary registers, and finally
all secondary registers: ‘
B  Press Display
8.6C 5TOR 1
FPREEG 1
‘.2 i
B.gg & f
8.6 1
— ¢.G2egceepe+23 &£ i
- e.e¢ 3 ||
g.ez 4 !
s (600 16495006, 02 5 |
g PRINT: Storage register Rp is 6.6 7 1
cleared to zero. 6. 08 g |
-ﬁ 8.6 %
8.6 &
8.8 E
—— g.8¢ T |
- g.6c C
.80k
——| gire o1
L CLRE |
—, PREE 1
L g.ec ¢ |
— g.ec | i
g.ae ¢ :
6.8t 3=
il [+ J(EMGES 0.00 All primary storage 6.t 4
- registers cleared to B. 68 5
zero. Secondary regis- 6. 66 £
ters remain intact. 8.er 7
=  OPRT: .86 ¢
I e.e¢ ¢
8.66 =&
- .00 E
L 6.0c °©
g.e¢e D
— 6.6 E
B 86 ]

I
1
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Press Display
F2§
CLRE
FREC

e

1 ] Contents of secondary g' ég
registers exchanged ;

with primary registers.

(1 ] All storage registers E. 99

have been cleared to 8.&c
zero. B.B88
B.E¢

@ PRINT:

-

mmmpmmm
™ m e

tet P ED 079 00 3 D ER SN O K da Gef BN ke 0y

O O

S0 €D Ch 0N o Ca

Notice that the stack registers remain intact when you press E (CLREG). To clear the
displayed X-register, of course, you can press E%3. To clear the entire stack, press
ERED. (Because of the automatic lift and drop of the stack, you should
never have to clear it.) When the calculator is turned ON, it ‘‘wakes up’” with the stack
and all storage registers cleared to zero; so turning the calculator OFF, then ON clears the

stack, the storage registers, and all program information. (This also should never be
necessary.)

Storage Register Arithmetic

You can, of course, perform arithmetic (or any other function) in the normal manner by recall-
ing and using the contents of any storage register just as if it were a number you keyed in.
The HP-97 also permits you to perform storage register arithmetic in storage registers; that
is, arithmetic upon the contents of the selected register.

Storage register arithmetic can be performed directly upon the contents of primary registers
R, through Ry only; it cannot be performed directly upon any other storage register. (Although
storage register arithmetic can be performed indirectly upon the contents of any storage
register, as you will see in section 12, Using the I-Register for Indirect Control.)

-

.

|
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To perform storage register arithmetic directly, press followed by the arithmetic function
key followed in turn by the number key ((0] through (9]) of the primary register address.

For example:

Press

(sTol + B}
B8 8?2
[sTO i * K

60 84

Result

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

Number in displayed X-register subtracted from contents of primary storage
register Ry, and difference placed into Rs; (rs — x — Ra).

Number in displayed X-register multiplied by contents of primary storage
register R3, and the product placed into Rj; [(rs) X = Raf.

Contents of storage register R, divided by number in displayed X-register,
and quotient placed into register Ry; (r; = x — Ry).

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

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

net income?

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

Press

25 EoED27

19628
558
B3 5
28

an 8s

Display
Total of Monday’s and
Tuesday’s tonnage. 25,68 ENTH
Gross amount for 27.80 4+
Monday and Tuesday. 19. 8¢ 3
Gross placed in 23.6E “
storage register R;. 55,68 x
Deductions for 8705
Monday and Tuesday. S BE 3
Deductions subtracted o

from total in storage
register R;.
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26 28 €3 [ 54.00 | Wednesday’s tonnage.
57.50 [ 3105.00 | Gross amount for
Wednesday.
5 | 3105.00 | Wednesday’s gross
amount added to total 26.86 ENT?
in storage register Rs. Z28.88 . 9
. L Vit e
3 [93.15 | Deduction for cT4E
Wednesday. T
85 [93.15 | Wednesday deduction SI'E
subtracted from total RELS
in storage register Rs. 8B7E8.4% x¥x
5 [ 8078.45 | Snopes’ total net
income from his
tomatoes.
[ 8078.45 ]

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

Storage Register Overflow

If you attempt a storage register arithmetic operation that would cause the magnitude of a
number in any of the storage registers to exceed 9.999999999 x 10*, the operation is not
performed and the HP-97 display immediately indicates . In addition, if the

TRACE

Print Mode switch man [[[jnorm is set to NORM or TRACE, the printer also registers the
error. When you then press any key, the error condition is cleared and the last value in the
X-register before the error is again displayed. The storage registers all contain the values they
held before the error-causing operation was attempted.

For example, if you store 7.33 X 10% in primary register R, and attempt to use storage register
arithmetic to multiply that value by 10%, the HP-97 display will show :

Press Display

7.33 [7.33

52 [7.33 52 7.33+52 SI01
1 [7.330000000 52 | 1.+50@ STx{
&3 50 [1. 50 | ERRCOR
(x| [ Error ]
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To clear the error and display the contents of the X-register, press any key. The original
contents of storage register R, are still present there,

Press Display
CLx [ 1.000000000 50 | Contents of X-register.
1 [ 7.330000000 52 ] Contents of storage i

register R,.

As with any error condition, pressing any key clears the error and is not executed. Pressing
the paper advance pushbutton clears the error and is executed.
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Section 5

Function Keys

The HP-97 has dozens of internal functions that allow you to compute answers to problems
quickly and accurately. Each function operates the same way, regardless of whether you press
the function key manually or the function is executed as part of a program.

In this section, each function key is explained as it is used manually, with the Program Mode
switch set to RUN. To save printing time and paper, you might wish to learn how to use the
functions with the Print Mode switch set to MAN. Or you might wish to see every intermediate
and final answer by setting the switch to TRACE. Except where indicated, however, all
examples in this section are illustrated with the Print Mode switch set to NORM.

If you want your displays and printed copy to match the ones shown here, then:

TRACE
Set the Print Mode switch man [ll[[[inorm to NORM.

Set the PRGM-RUN switch prem il Run to RUN.

Number Alteration Keys
Besides , there are four keys provided for altering numbers in the HP-97. These keys are

, , (NTJ, and (FRAC), and you will find them most useful when performing operations
as part of a program.

Rounding a Number

As you know, when you change display formats with one of the display control keys
(3. E3. 23, or ), the number maintains its full value to 10 digits multiplied by a
two-digit exponent of ten no matter how many digits you see. When you press the 3 prefix
key followed by the (round) key, however, the number that is in the display becomes
the acrual number in the calculator. For example, key in the number of cubic centimeters
in one cubic inch, 16.387064, and round it to two decimal places:

Press Display
16.387064 16.387064
2 16.39 Number rounded to

two decimal places in
display. Maintains
entire value internally.
(1] Number rounded to aHD
two decimal places nepe
internally. LETx

6 16.390000 FIX 6 display shows nops

that the number has
been rounded.

it ] 16.387064 The original number.
2 16.39 Display mode reset.

rounds to 0.00 a number that has underflowed to scientific notation.,
77
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Absolute Value

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

Press Display

Kl Ciis (-3. ] g8 wEs
0 &) |-3] g

To see the absolute value of +3:

Press Display

[+ Jovs) |+3] AES

Integer Portion of a Number

To extract and display the integer portion of a number, press the 8 prefix key followed by
the (integer) key. For example, to display only the integers of the number 123.456:

Press Display

123.456

o Only the integer 123.456 INT
portion of the number
remains.

When £} is pressed, the fractional portion of the number is lost. The entire number, of
course, is preserved in the LAST X register.

Fractional Portion of a Number

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

Press Display
&y

Summons the original
number back to the
X-register. LETY
[ ] Only the fractional FRL
portion of the number
is displayed, rounded
here to FIX 2 display.

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

L EL

I

{ o T A T A T

t

TLT

{

(
B
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Reciprocals

To calculate the reciprocal of a number in the dis

press @ . For example, to calculate the reciprocal of 25:

Press Display 1
25 [0.04 ] 25.88 1% |
0.04 ] 6.84 xxx

You can also calculate the reciprocal of a value in a

the number.

Example: In an electrical circuit, four resistors are connected in parallel. Their

220 ohms, 560 ohms, 1.2 kilohms, and 5 kilohms. What is the total resistance of th

Function Keys

played X-register, key in the number, then

previous calculation without reentering

values are
e circuit?

1
RT - =
1 + 1 + 1 + 1 1 + 1 1 1
R, R, R; R, 220 560 1200 5000
Press Display
220 4.545454545-03
560 1.785714286-03 226.08 10X
0.01 560.80 1s¥
1200 8.333333333-04 *
0.01 izee.e: 1/%
5000 2.000000000-04 *
Sum of reciprocals. 9888.68 1K
Y The reciprocal of the ‘? ;
sum of the reciprocals LK
yields the answer in 130.79 2%k
ohms.
[135.79 ]
Factorials

The (8] (factorial) key permits you to handle permutations and combinations with ease. To
calculate the factorial of a positive integer in the displayed X-register, press {3 (V).

Example: Calculate the number of ways that six people can line up for a photograph.

Method: P§ = 6! =6 X5 x4 x3 x2 x 1.
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Press Display

6
1 RC0) 720.00 The answer, 6.8 N!

726.80 wxx

The calculator overflows for factorials of numbers greater than 69.

Square Roots

To calculate the square root of a number in the displayed X-register, press 8. For example,
to find the square root of 16:

Press Display

16 63 16.08 X

4.00 | 4.80 *x¢

To find the square root of the result:

Press Display

2.60 xui

Squaring

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

Press Display

45 83 2025.00 45.86 4=
2025.00 2825.8C  xxx

To find the square of the result:

Press Display

4100625.00 HE
4100625.00 4188625.0¢ ¥y
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Using Pi

The value 7 accurate to 10 places (3.141592654) is provided as a fixed constant in the HP-97.
Merely press [} () whenever you need it in a calculation. For example, to calculate 37:

Press Display

1G] .06 Fi
*

8.42  xxx

Example: In the schematic diagram below, X is 12 kilohms, E is 120 volts, and f is 60 Hz.
Xy,
2af

Find the inductance of the coil L in henries according to the formula: L =

Lo X _ 12,000
27t 2 X 7 X 60
Press Display
12 3 12. 03
enrer PY 12,403 ENT1
n-a 1909.86 F.
60 B Henries. 668.66 =
31.82  ¥¥x
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Percentages

The B4 key is a two-number function which allows you to compute percentages. To find
the percentage of a number:

Key in the base number,

Press EYMED-

Key in the number representing percent rate.
Press E3.

hUbe-

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

Press Display

1500 1500.00 Base number. 15@86.6E ENT?
6.5 Percent rate. €.5¢ e
% 97.50 The answer. a7 .55  ¥xx
97.50

6.5% of $1500 is $97.50.

In the above example, when the E3 key is pressed, the calculated answer writes over the
percentage rate in the X-register, and the base number is preserved in the Y-register.

When you pressed @3, the stack contents were changed...

... from this ... ... to this.
T 000 T 000
Z 000 z 000
Y 1500.00 Y 1500.00
X 65 | X 9750 |

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

Press Display

Total of price and sales 3
tax combined. 1E07.50 gew

1597.50

—

'F

EEaEEa 'l e EhE

T

I3

Tl fba E

E
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Percent of Change

The (percent of change) key is a two-number function that gives the percent increase
or decrease from y to x. To find the percent of change:

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

Press AL

Key in the second number.

Press €8 [%cH).
(x —y) 100

o=

The formula used is: = %CH.

Example: Find the percent of increase of your rent 10 years ago (870 per month) to today
($240 per month).

Press Display
70 70.00 78.6C CHTt
240 @8 (%cH 242.86 Percent increase. 248.8E ZCH

242.86 242,85 ¥¥x

Trigonometric Functions

Your HP-97 provides you with six trigonometric functions, which operate in decimal degrees,
radians, or grads. You can easily convert angles from decimal degrees to radians or vice
versa, and you can convert between decimal degree and degrees, minutes, seconds. You can
also add angles specified in degrees, minutes, seconds directly, without converting them to
decimal.

Degrees/Radians Conversions

The and keys are used to convert angles between degrees and radians. To convert
an angle specified in degrees to radians, key in the angle and press [ £=f]. For example,
to change 45° to radians:

Press Display
45 45, e
o [o79 ] Radians. 45. f’f 3'-'.!?

8.75 xry

To convert an angle specified in radians to decimal degrees, key in the angle and press
B3 E=0). For example, to convert 4 radians to decimal degrees:

Press Display
4 2.
L
itz 229.18 Decimal degrees. 4. ?g R _ﬂ
———— 229,18  xxkx
[229.18 ]
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Trigonometric Modes

For trigonometric functions, angles can be assumed by the calculator to be in decimal degrees,
radians, or grads. When the HP-97 is first turned ON, it ‘‘wakes up’’ with angles assumed
to be in decimal degrees. To select radians mode, press Ej (radians) before using a
trigonometric function. To select grads mode, press §§ (grads). To select decimal degrees
again, press £ (degrees).

Note: 360 degrees = 400 grads = 27 radians.

Functions

The six trigonometric functions provided by the calculator are:
EDD (sine)

[ 1] (arc sine)

(cosine)

[ 1] (arc cosine)

(tangent)

[ 1] (arc tangent)

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

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

Example 1: Find the cosine of 35°.

Press Display
35

[35. ] Eor oo
ol
- UL ‘

The HP-97 **woke up’’ in degrees mode when you first turned it ON.

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

Press Display
[ 1] Selects radians mode.
(Results remain from RAD
previous example.) L8964 SIN
964 (964 ] 1,26 ¥xx
1] 1.30 Radians.

(130 ]

]
il
]
e
=
[T
prar-
-
e
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Example 3: Find the tangent of 43.66 grads.
Press Display
(1] Selects grads mode.

(Results remain from CRAD |

previous example.) 43.66 TAN |
.66 i -
TAN Grads. |

Hours, Minutes, Seconds/Decimal Hours Conversions

Using the HP-97, you can change time specified in decimal hours to hours, minutes, seconds

format by using the (to hours, minutes, seconds) key; you can also change from
hours, minutes, seconds to decimal hours by using the (HMmS=] (from hours, minutes, seconds)

key.

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

Hours—f T T T— Tenths of a Second

Minutes Seconds

Hours, Minutes, Seconds Display

To convert from decimal hours to hours, minutes, seconds, simply key in the value for
decimal hours and press [ (=Hms). For example, to change 21.57 hours to hours, minutes,
seconds:

Press Display
21.57 Key in the decimal
time.
4 Reset display format 21.57 DSP4
to FIX 4. FHHS
0B (sums) 21.3412 This is 21 hours, 34 21.3412  *xx

minutes, 12 seconds.

21.3412
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Notice that the display is not automatically switched to show you more than the normal two
digits after the decimal point (FIX 2), so to see the digits for seconds, you had to reset
the display format to FIX 4.

To convert from hours, minutes, seconds to decimal hours, simply key in the value for
hours, minutes, seconds in that format and press [l (FMS=]. For example, to convert 132
hours, 43 minutes, and 29.33 seconds to its decimal degree equivalent:

Press Display

132.432933 This is 132 hours, 43
minutes, 29.33
seconds.

.| - - i i - -
0 (Fvs+) [[132.7248 :ms is 132.7248 172, 432937 HMSS
ours. (FIX 4 display -

remains specified 132.7248 wex
from previous
example.)

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

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

Press Display

42.57 Key in the angle.

0 (=ams 42.3412 This means 42°34 12",
(Display assumes c
FIX 4 notation remains :g' gz??, ﬂ:’::
specified from . o
previous example.)

Example: Convert 38°856.7" to its decimal equivalent.

Press Display
38.08567 38.08567
B (bms- 38.1491
38.1491

Key in the angle.
Answer in decimal
degrees. (FIX 4
display specified from
previous examples.)

38. BESET HME»
38.1481 xxx

ER T i Tl Tl Fea T Fia T

T

LT

|
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Adding and Subtracting Time and Angles

To add or subtract decimal hours, merely key in the numbers for the decimal hours and press

Function Keys

or B . Toadd hours, minutes, seconds, use the (HMS+] (add hours, minutes, seconds) key.

Likewise, angles specified in degrees, minutes, seconds are added by pressing £ (HMs+).

Example: Find the sum of 45 hours, 10 minutes, 50.76 seconds and 24 hours, 49 minutes,
10.95 seconds.

Press

45.105076

24.491095
¥
6

To subtract a time specified in hours, minutes, seconds from another (or to subtract an angle
specified in degrees, minutes, seconds), simply use the key to make the second time

Display

[45.105076 |
[45.1051 ]

24.491095

[70.0002 |
[70.000171 ]

70.000177 |

FIX 4 notation from
previous example.

(or angle) negative, then add with the key.

Example: Subtract 142.78° from 312°32'17", with the answer in degrees, minutes, seconds

format.

Press Display
312.3217 312.3217
312.321700
142.78 142.78

L+ JES 142.464800
CHS . -142.464800
B (rims+ 169.452900
169.452900
2 169.45

In the HP-97, trigonometric functions assume angles in decimal degrees, decimal radians, or
decimal grads, so if you want to compute any trigonometric functions of an angle given in

FIX 6 from previous

example.

Decimal degrees.

To degrees, minutes,
seconds.

Angle made negative.
This is 169°4529".

Display mode reset to
FIX 2.

5. 18587 ENTY
24.49109% HME+
DEPE

JE.BOB1T. k¥

212.321768 ENTY
142.78886E +HMC
CHE
HMS+
165.452908  xxx

DEFZ

degrees, minutes, and seconds, you must first convert the angle to decimal degrees.
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Example: Lovesick sailor Oscar Odysseus dwells on
the island of Tristan da Cunha (37°03'S, 12°18'W),
and his sweetheart, Penelope,
island. Unfortunately for the course of true love,
however, Tristan da Cunha is the most isolated
inhabited spot in the world. If Penelope lives on the
island of St. Helena (15°55'S, 5°43'W), use the
following formula to calculate the great circle distance
that Odysseus must sail in order to court her.

Distance

Where LAT, and LNG;,
LAT, and LNG4

Solution: Convert all degrees,

land is:

lives on the nearest

= cos™! [sin (LAT,)sin (LAT,4) + cos (LAT;) cos (LATy)
cos (LNGy — LNGy)] x 60.

latitude and longitude of the destination.

latitude and longitude of the source (Tristan da Cunha).

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

Distance = cos™! [sin (37°03") sin (15°55) +cos (37°03") cos (15°55")

Press
(1]

5.43 £ (bms~

cos (5°43' W — 12°18" W)] x 60

Display

5.72

12.18 @ (Hms+]
=

15.55 €3 (Hms-

-6.58
0.99
15.92

1
[ ]
37.03 §B (Hms=

0.96
37.05

[stofL
cos ]

0.80
0.76

st

Selects degrees mode.
(Display assumes no re-

sults remain from

previous examples.)

DEE
B.45 HNE3
12.18 HHMS»

o5
1555 MG

T™THi
i e

o
£

37.82 .",‘

4

"")

KE‘.ID"‘!‘-‘C £y
[05 Bnn]

g
N

]
r
;?i
]
.
.
N

i
il
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Press Display
0 & RCLE
1 6D SIN
RCLI
SIN
o :
60 Distance in nautical E

miles that Odysseus CG.?

must sail to visit 68.08 X

Penelope. 1315.41 %%¢

Polar/Rectangular Coordinate Conversions

Two functions are provided for polar/rectangular coordinate conversions. Angle 8 is assumed
in decimal degrees, radians, or grads, depending upon the trigonometric mode first selected

by [EG), [FAD), or (GRD).

In the HP-97, angle @ is represented in the following manner:

To convert from rectangular x, y coordinates to polar r, 6 coordinates (magnitude and angle,
respectively):

Key in the y-coordinate.

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

Key in the x-coordinate.

Press the &3 (fo polar) key. Magnitude r then appears in the X-register and angle 6 is
placed in the Y-register. (To display the value for 6, you can press J)

P
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The following diagram shows how the stack contents change when you press 0.

t | 7:# T
-z l’»—"zw | Z
Y

X

angle 6|

y-coordinate ————s oy ———>
|x-coordinate| ————» —» magnitude r

X < N -

To convert from polar r, 6, coordinates to rectangular x, y, coordinates:

Key in the value for the angle 6.

Press to raise the value for @ to the Y-register of the stack.

Key in the value for magnitude r.

Press the B (to rectangular) key. The x-coordinate then appears in the displayed
X-register and the y-coordinate is placed in the Y-register. (To display the value for the

y-coordinate, you can press E53.)

Lk

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

T r""_"}____ L t T
z z | z 4
Y  angle§ ————%gm — > y-coordinate Y
X [magnimdg r|———»  ——— |x-coordinate] X

After you have pressed @@ or &, you can use the key to bring the calculated angle 6@
or the calculated y-coordinate into the X-register for viewing or further calculation.

Example 1: Convert rectangular coordinates (4, 3) to polar form with the angle expressed
in radians.
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Press Display
1] Radians mode select-

ed. (Display assumes

no results remain from

previous examples.) RAD
3 y-coordinate entered 3.ec INT?

into the Y-register. 4.0 F
4 x-coordinate keyed 5. 60 fft

into the X-register. 5 e
+P] 5.00 Magnitude r. 8.5  ®xx
5.00 '
Angle 6 in radians.

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

Press Display
&

Grads mode selected.
(Note that results can
remain from previous
examples.)

120 120.00 Angle 6 entered into ERAL
the Y-register. 128.82 ENT?

Magnitude r placed in £.86 R
displayed X-register. =Y
[+ -2.47 x-coordinate.

7.61 y-coordinate brought

into displayed

X-register.

8

ujiR

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

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

Solution:
Press Display
n Degrees mode select-
ed. (Note that results
can remain from
previous examples.)
36.5 -36.5 DEG
-36.50 =36.5& ZHT?

77.8 77.8 re-ga R
Resistance R in ohms. X2y
Xxy -46.28 Reactance X, 46.28

ohms, available in dis-

played X-register.

VIR T Tl PR Pl The TR The ThaThe FLe Tl Fha b
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Logarithmic and Exponential Functions

Logarithms
The HP-97 computes both natural and common logarithms as well as their inverse functions
(antilogarithms):

is log, (natural log). It takes the log of the value in the X-register to base e (2.718...).

is antilog. (natural antilog). It raises e (2.718...) to the power of the value in the
X-register. (To display the value of e, press 183

is log;o (common log). It computes the log of the value in the X-register to base 10.

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

Example 1: The 1906 San Francisco earthquake, with a magnitude of 8.25 on the Richter
Scale is estimated to be 105 times greater than the Nicaragua quake of 1972. What would be
the magnitude of the latter on the Richter Scale? The equation is:

R, =R, — log 32 =8.25 — (log 1?5 )

1

Solution:

Press Display

8.25

10503 g.25 ENTT
B [623 ] Rating on Richter 185.80 LGE

scale. -

6.23 wxx

Example 2: Having lost most of his equipment ina
blinding snowstorm, ace explorer Jason Quarmorte is
using an ordinary barometer as an altimeter. After
measuring the sea level pressure (30 inches of
mercury) he climbs until the barometer indicates 9.4
inches of mercury. Although the exact relationship
of pressure and altitude is a function of many factors,
Quarmorte knows that an approximation is given by
the formula:
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Altitude (feet) = 25,000 In

Where is Jason Quarmorte?

Solution:

Press

30
9.4

m
25000

Display

(3000 ]
B
(16 ]
(25000, |

29012.19

29012.19

30 30

= 25,000 In ———
Pressure " 9.4
J6. B0 EHT?
Hoda - =
Lo
) ) 25eee.fp X
Altitude in feet. DORIR2.15  wkk

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

Raising Numbers to Powers

The key is used to raise numbers to powers. Using permits you to raise a positive
real number to any real power—that is, the power may be positive or negative, and it may
be an integer, a fraction, or a mixed number. also permits you to raise any negative real
number to the power of any integer (within the calculating range of the HP-97, of course).

For example, to calculate 2° (that is, 2 X 2 X 2 X2 X2 X2 X2 X2 X 2)

Press

2 EEED 9

To calculate §12%67:

Press

8
1.2567

Display
Display

8.88 ERT?

~1.25¢7
6.67

73
XE¥

I

¥
!
!
!
!
i
|
4

f
=
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To calculate (-2.5)%

Press Display

2.5 -2.58 ENT?
5 -97.66 5.66 Y%
-97.65 ¥t

In conjunction with provides a simple way to extract roots. For example, find the
cube root of 5. (This is equivalent to 52.)

Press Display

5 5.00 5.86 ENT%
3 0.33 Reciprocal of 3. 3.66 17K
Cube root of 5. ¥

71 ] 170

Example: In a rather overoptimistic effort to break the
speed of sound, high-flying pilot Ike Daedalus cranks
open the throttle on his surplus Hawker Siddeley
Harrier aircraft. From his instruments he reads a pres-
sure altitude (PALT) of 25,500 feet with a calibrated
airspeed (CAS) of 350 knots. What is the flight mach
number’

_ _speed of aircraft
speed of sound

if the following formula is applicable?
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o [T Apooseond =}) ]

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

2
brackets. So begin by solving for the quantity [%] and proceed outward from
there.
Press Display
350
661.58 0.53
0.28 | Square of bracketed
quantity.
28 0.06 ' 356. 88 AT
! [1.06 ] €61.58 :
3.5 [1.21 ] §E
-] [0.27 | Contents of left-hand T
set of brackets are in 1.0 +
the stack. Z.50 ¢x
1 1.00 ] Iogf o
6.875 6.875 00 ] 1.B8 EKRT?
6 6.875  -06 £.875-65 E ”
6.875000000 -06 | 25588.66  x
25500 &3 0.18 e ;r
= 0-82 _J - w }’
5.2656 2.76 Contents of right-hand i.68 &
set of brackets are in 20g v
the stack. 3‘233 v
= (058 ] 5.8 x
| 1.58 ] s
B.24 xxx

286 1.14 — ]
e

1 0.14 ]
5 [0.70 ‘
0.84 Mach number of

Daedalus’ Harrier.

0.84 ]

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

Pressing the &5 key automatically gives you several different sums and products of the values
in the X- and Y- registers at once. In order to make these values accessible for sophisticated
statistics problems, they are automatically placed by the calculator into secondary storage
registers Rg, through Rgg. The only time that information is automatically accumulated in the
storage registers is when (or ) is used. Before you begin any calculations using the
key, you should first clear the protected secondary storage registers by pressing B
followed by £l [F=5).

When you key a number into the display and press the 2 key, each of the following operations
is performed:

1. The number that you keyed into the X-register is added to the contents of secondary
storage register Rgy; (2x — Rgy).

2. The square of the number that you keyed into the X-register is added to the contents 1
of secondary storage register Rgs; (2x* — Rg;). 1

3. The number in the Y-register of the stack is added to the contents of secondary storage -
register Rgg; (2y — Ragg).

4. The square of the number in the Y-register of the stack is added to the contents of
secondary storage register Rgy; (Ey2 — Rg)).

5. The number that you keyed into the X-register is multiplied by the contents of the
Y-register, and the product added to storage register Rgg; (2xy — Rgg).

6. The number 1 is added to storage register Rgy, and the total number in Rg, then writes
over the number in the displayed X-register of the stack. The stack does not lift;

Rsg

n e
N
X

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

Thus, when you press B8, the stack register contents are changed...

... from this ... ... to this .
T| ¢t T t
z| z z FTJ
Y| ¥y Y| ¥y
A ¥ |
X | x | X| n
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.. and the storage register contents are changed. ..

... from this ...

Addressable Storage Registers

Primary Registers

T ]

Re[ |
R ]
Re[ 1]
Re[ ]
Re 1]

Protected

Secondary Registers

Rss

...to this.

Addressable Storage Registers

Primary Registers

L I

Re[ ]
Ro[ ]
Re[ ]
Re [ ]
Re [ ]

Protected

Secondary Registers

Re. EERR G|

R (B ]
Rs;
Rss
Rss [ 2% ]

Rs, [ 3x
Rs. B

HS2

Rs: [ |
Rso A Ro [ ] Rsl &
Before you begin accumulating results in secondary storage registers Rg, through Rg, using

the key, you should first ensure that the contents of these registers have been cleared to

zero by pressing B followed by B (Pzs).

Note: Unlike storage register arithmetic, the function allows overflows (i.e.,
numbers whose magnitudes are greater than 9.999999999 x 10%) in storage

register Rs, through R, without registering in the display or on the

printed copy.

After you have accumulated these products and sums using the key, they remain in the
secondary storage registers, where they are used to compute mean and standard deviation
using the (x] and (5] functions. To see the contents of these registers, you can list the contents
of all the secondary storage registers by pressing £J followed by § PRINT: . Don’t
forget to press again when the listing is completed.

To use only the Zx and Zy that you have accumulated in the secondary storage registers,
you can press followed by B. This brings 2x into the displayed X-register and Sy
into the Y-register, overwriting the contents of those two stack registers. The stack does not
lift. (This feature is particularly useful when performing vector arithmetic, like that
illustrated on pages 106-108.)
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To use any of the summations individually, simply exchange the contents of the secondary
storage registers with the primary registers by pressing (F=5]; then recall the desired summation
by pressing followed by the number key of the register address.

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

y | 7 5
X \ 3
Press Display
(]
[ 1] Ensures that storage CLRE
registers Rgy through *c
Rgy contain all zeros 7.86 ENT?
initially. (Display 5 @ Ty
assumes no results re- 5' ee EH:?
main from previous 3' P ;.+
example.) 9.@6 ENT?
7 7.00 6. 8¢ PE:
5 First pair is accumulat- PREC
ed; n = 1.
B.pe €
5 5.00 B.ec 1
8.8t =
3 Second pair is g.ec =
accumulated; n = 2. 16.86 4
98.88 ©
9 21.82 €
550 7
8 Third pair is 122,866 ¢
accumulated; n = 3. 3. 86 c
. .8z A
& Brings contents of ae - B
secondary registers B. @ C
into primary registers " ac E
for viewing or individ- 8.ac
ual use. g' gg g
@8 PRINT: You can see all the

accumulations by
listing the storage reg-
ister contents.
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Press Display
4 Sum of x values from
register Ry.
5 Sum of squares of x
values from register
R;.
6 Sum of y values from FCLg
register Rg. rLE
7 Sum of squares of y RCLE
values from register RCLT
Rs. RCLE
8 Sum of products of x or @
and y values from
register Rg.
9 Number of entries

(n = 3) from register
R,.

By using the function in conjunction with the (¥ key, you can actually maintain two
complete sets of products and sums in your HP-97.

Mean

The (mean) key is the key you use to calculate the mean (arithmetic average) of data
accumulated in secondary registers Rg;, Rgg, and Rgg.

When you press [ @:

1. The mean (X) of x is calculated using the data accumulated in register Rg, (Zx) and
Rsy (n) according to the formula:

n
X = z x; [ That is, 254 =i)

n =i S9

‘_

The resultant value for X is seen in the displayed X-register.

2. The mean (¥) of y is calculated using the data accumulated in register Rgg (Zy) and
register Rgg (n) according to the formula;

n
- 1 E: . Rgs —
=___ A That is, =
y o y atis, 4 )

i=1 59

The resultant value for ¥ is available in the Y-register of the stack.
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(The easiest way to accumulate the required data in the applicable secondary storage registers
is through the use of the key as described above. However, you can also place data
in the accumulation registers manually, using the and keys.)

Example: Below is a chart of a daily high and low
temperatures for a winter week in Fairbanks, Alaska.
What are the average high and low temperatures for
the week selected?

B 1111188 111188 11111 111188

| ¢ & ¢ 4 {

1\

Sun. Mon. Tues. Wed. Fri Sat !
Hgh | 6 | 1 | 14 | 12 | s | 2| -
tow | 22 | -17 | -15 | - | =24 | 20 | -85

Press Display
[+ ] Ensures that secondary

registers contain all

zeros initially. (Dis-

play assumes no results

remain from previous :

calculations.) (Lfg
6 ENED 22 £.86 ENT?
Number of data pairs _-_.2' 60 I+

() is now 1. 11.60 ENTS
11 17 =irebe o OF
Number of data pairs 14,60 ENTT

(n) is now 2. -15. 65 =
14 15 12.80 ENTY
N
12 9 Ei. gg ENZi
5 24 -29.06° ¥+
-9.68 ENT?
2 =J5.HE 34
29
9 .
35 700 Number of data pairs

(n) is now 7.




102 Function Keys

Press Displa
play
1 ] -21.57 Average low
temperature. T
-21.57 Lt me Ll
Average high K=Y
temperature. JDo gy

As shown, you can use the and keys to print the values for x and y.

The illustrations below represent what happens in the stack when you press §8 (&).

Press {8 (3] and the contents of the stack registers are changed. ..

... from this ... ... to this .
Tt |— T [t
Z z | T——> 2 z
Y y | —lost Y vy
X X X X

: \,_E LASTX

Standard Deviation

The (standard deviation) key is the key you use to calculate the standard deviation (a
measure of dispersion around the mean) of data accumulated in secondary storage registers
Rs, through Rg,.

When you press £8 (5):

1. Sample x standard deviation (s,) is calculated using the data accumulated in storage
registers Rgs (2x%), Ry (2x), and Rg, (n) according to the formula:

Ix2 — (2x)*
n
n—1

The resultant value for standard deviation of x (s,) is seen in the displayed X-register.
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2. Sample y standard deviation (s,) is calculated using the data accumulated in storage
registers Rg; (2y?), Rgs (2y), and Rgg (n) according to the formula:

Sy? — (Zy)?

n
n—1

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

Thus, with data first accumulated in secondary storage registers Rg, through Rgg, when you
press 8 (5], the contents of the stack registers are changed...

««. from this ... ... to this.
T t T

z z _ 2 z
Y | ¥ —»lost Y Sy
X X X

Sx B
[ x_ ] LASTX

To use the value for standard deviation of y (sy) simply use the key to bring that value into
the displayed X-register of the stack.

Example: In a recent survey to determine the age and
net worth (in millions of dollars) of six of the 50
wealthiest persons in the United States, the following
data were obtained (sampled). Calculate the average
age and net worth of the sample, and calculate the
standard deviations for these two sets of data.
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Age I 62 58 62 73 84 68
Net Worth| 1200 1500 1450 1950 1000 1750

Press Display
o
[ 1] Ensures that second-

ary storage registers
used for accumulations
are cleared to zero
initially. (Display as-
sumes no results
remain from previous

examples.) CLES
62 il ey
1200 1.00 Number of data pairs Mg 66 J';'
(n) is 1. 1208. 8t ¥
58.8€ ENT?
8 g
15e88.8c I+
1500 £33 2.00 62.8E ENT?
62 1458.8¢ I+
1450 73.88 ENTY
73 1956.6¢ I+
1950 84.86 IHTY
84 lpge.ec =+
1000 68. 88 ENTT
68 1758. 8¢ .E+
1750 Number of data pairs }'fY
(n) is 6. =
1 Average value of net EY
worth. %
X%y Average age of the
sample.
De Standard deviation
(sx) of net worth of
sample.
X%y Standard deviation

(sy) of age of sample.

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

If the accumulations are still intact from the previous example in secondary registers Rg,
through Rgg, you can calculate the population standard deviations this way:

Press Display

0 & 347.49 Calculate s, and x,.
] 9 Recall n.
18 Calculate n—1. ES
'8 Divide n—1 by n. RoLG
x i % 317.21 Population standard 1.6¢ Pf.f:q
deviation oy. s
317.21 ¥
¥
Xxy Brings s, to the 317.21 k%%
X-register. o
-
B [Lastx 0.91 Recall conversion LETH
factor. X
B.£5  xkx

8 8.69 Population standard
deviation oy.

8.69

Remember that the accumulations must always be stored in the secondary bank of storage
registers. Thus, if you have accumulated data using and then brought the summations
out to the primary registers for viewing using (Fxs), you will have to replace them in the
secondary registers by pressing again before pressing (&) or (5].

Deleting and Correcting Data

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

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

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

2. Press @3 to delete the incorrect data.

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

4. Press BJ§.
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The correct values for mean and standard deviation are now obtainable by pressing £ &
and {3 (5.

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

Press Display

D Accumulations re-

placed in secondary

storage registers. P2s
62 1200 Data to be replaced. 62.8E ENT?
[ 1] Number of entries (n) 1288.86 Z-

is now five. 21.86 ENT?T
21 1300 | 7300. The new data. 1388.06 I+
6.00 Number of entries (n)

is six again,

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

Press Display

[ 1 ] 1491.67 The new average
[61.00 ]

(mean) worth.

X%y _ The new average

(mean) age available A
in X-register for use. ny
(1] 333.79 The new standard de- .

viation for worth.

2d 21.60 The new standard de- o ]

viation for age is now
available in X-register
for use.

Vector Arithmetic

You can use your HP-97 to add or subtract vectors by combining the polar/rectangular
conversion functions (the f§3 and & keys) with the summation functions (the and

keys).

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

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




14§ & ¢ ¢ Y

e

Press

B (CLreG)
0 =)

as
150

[~}

25
40

o E)

40 Knots

Display

106.07

Ensures that secondary
registers used for ac-
cumulations are
cleared to zero. (Dis-
play assumes no re-
sults remain from
previous examples.)
0 for 1% vector is
entered to Y-register.
r for 1% vector is keyed
in.

Converted to rectan-
gular coordinates.

15 vector coordinates
accumulated in storage
registers Rgy and Rgg.
6 for 2" vector is
entered to Y-register.
r for 2" vector is
keyed in.

27 vector is converted
to rectangular
coordinates.

2" vector rectangular
coordinates subtracted
from those of 1 vector.
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CLRE
P2
45.86 ENTY
158.66 R
>+
25.88 ENT?
46.686 2R
-




Press
+P]

Display

(6981 |

113.24 |
51.94

Recalls both Rg4 and
Rss.
Actual ground speed in

knots of the Swordfish.

Course in degrees of
the Swordfish.

113.24
51.94

RCLI
P
kxx

S’
asy

Xy




Part Two
Programming Your HP-97
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Section 6

Simple Programming

If you read the introduction to this handbook, you have already seen that by using the
programming capability of your HP-97, you can increase the flexibility of the calculator a
hundredfold or more, and you save hours of time in long computations.

With your HP-97 Programmable Printing Calculator, Hewlett-Packard has provided you with
a Standard Pac, containing 15 programs already recorded on magnetic cards. You can begin
using the programming power of the HP-97 by simply using any of the cards from the Standard
Pac, or from one of the other Hewlett-Packard pacs in areas like finance, statistics, mathe-
matics, engineering, or medicine. The growing list of applications pacs is continually being
updated and expanded by Hewlett-Packard, to provide you with a wide variety of software
support.

However, we at Hewlett-Packard cannot possibly anticipate every problem for which you may
want to use your HP-97. In order to get the most from your calculator, you’ll want to learn how
toprogram the HP-97 to solve your every problem. This part of the HP-97 Owner’s Handbook
teaches you step-by-step to create simple programs that will solve complex problems, then
introduces you to the many editing features of the HP-97, and finally gives you a glimpse of just
how sophisticated your programming can become with the HP-97 Programmable Printing
Calculator.

Programming your calculator is an extension of its use as a manual problem-solving machine,
so if you haven’t read Part One, Using Your HP-97 Calculator, you should go back and do so
before you begin programming.

After most of the explanations and examples in this part, you will find problems to work using
your HP-97. These problems are not essential to your basic understanding of the calculator,
and they can be skipped if you like. But we urge that you work them. They are rarely difficult,
and they have been designed to increase your proficiency, both in the actual use of the features
of your calculator and in creating programs to solve your own problems. If you have trouble
with one of the problems, go back and review the explanations in the text, then tackle it again.

So that you can apply your own creative flair to the problems, no solutions are given for them.
In programming, any solution that gives the correct outputs is the right one—there is no one
correct program for any problem. In fact, when you have finished working through this part,
and learned all the capabilities of the HP-97, you may be able to create programs that will solve
many of the problems faster, or in fewer steps, than we have shown in our illustrations.

Now let’s start programming!

What Is a Program?

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

If you worked through Meet the HP-97 (pages 13-20), you learned how to create, load, run,
and record a simple program to solve for the area of a sphere. Now look at a more complex

program.
111
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Loading a Prerecorded Program
First, set the calculator controls as follows:
ON-OFF switch off [llllMlon to ON.

Print Mode switch MANEH]E%NORM to MAN.
PRGM-RUN switch prem [ll[[IRun to RUN.

Now select the Moon Rocket Lander card from the Standard Pac shipped with your
HP-97. Insert side 1 of the card, face up, into the front slot provided on the left side of the
calculator, and press it into the slot until the reading mechanism picks it up and propels it out
the rear slot. (Let go of the card as soon as you feel it begin to be propelled by the reading
mechanism—don’t try to restrain its progress). Then insert the card in the window provided

above the keys marked DN ER

If the calculator displays | Error , first clear the error by pressing any key. Then pass
side 1 of the card through again.

1. Select the card.

2. Pass the'card through the card reader slot.
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3. Insert the card in the card window slot.

Some programs are recorded on both sides of a magnetic card, so the card must be run through
the card reading mechanism twice—once on each side. If a second side of a magnetic card must
be read, the calculator prompts you by displaying after you have read the first side.
However, the Moon Rocket Lander program is fairly short, and so the complete program
has been recorded on each side of this factory prerecorded card. You can easily see when
a card has been read completely because the calculator will then display the original contents
of the X-register. The Moon Rocket Lander program has now been loaded into the calculator,
and you can try to ‘‘land’’ the calculator on the moon without *‘crashing’’.

The Game. The game simulates a rocket attempting to
land on the moon, with you as the pilot. As the game
begins, you are descending at a velocity of 50 ft/sec
from a height of 500 feet. Velocity and altitude are
shown in a combined display as —50.500, the altitude
appearing to the right of the decimal point and the
velocity to the left. The negative sign on the velocity
indicates downward motion. As the game begins, you
have 60 units of rocket fuel.

o 8 i 0 SR

The object of the game is to control your descent by
keying in fuel ‘*burns’’ so that when you reach the surface of the moon (altitude 0), your

velocity is also zero and you settle down gently into the powdery moon dust.

When you press [J, the game begins. The velocity and altitude are shown in the calculator
display. Then the number of remaining fuel units are shown, and the display begins a
countdown to burn time. The display counts ‘*3’", **2’", *‘1’", *‘0"’. When the countdown
reaches zero, you have one second to key in a fuel burn. The best choices for fuel burns are
digits of 1 through 9. A zero burn, which is very common, is accomplished by doing nothing.
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After each burn, the calculator display will show first the new velocity and altitude, then the
remaining fuel units, then will count down to zero for you to key in another burn. After each
burn this sequence is repeated until you successfully land, (when the display will show you
flashing zeros) or you smash into the lunar surface (when the display shows you the flashing
crash velocity).

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

So press.[[§ now and try to land on the moon with your HP-97,

Printing a Program

The printer on your HP-97 will give you a listing of any programs contained in the calculator at
any time. To see a listing of the Moon Rocket Lander program that is now loaded in the
calculator, first press to stop the running program, then the (return) key to ensure that
the listing will start from the beginning of the program.

Then press {8 PRINT: (Prcwm ).

You can see that the calculator printed a long list of numbers and keys. This list is actually a
complete list of the program that is now in the calculator. Each line on the print-out represents a
single step of program memory. Stop the printing of the program after 20 lines or so by pressing

again.

Your print-out should look like the one shown here:

BBI xlBig i
Baz N ac
BBz & a§
Bas é ga
EBS  gToE 35 82
REs <] a5
Be? e aa
ges CHS e
gex - -orn= 33 A7
Big & BE
g1 e ag
2 ST08 35 08
IZ xlBLS 21 g9
14 RCLE 25 B
815 DSP4 =63 4
Bie EEN =3
Bi7 4 G4
18 = 24
18 PRI 35 HY
Bze CF2 1c 70 67
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Program Memory

In your HP-97, keystrokes that make up a program are stored in a portion of the calculator
called program memory. Program memory consists of 224 steps, and is separate from the stack
and the storage registers.

000 -«— Top-of-Memory Marker
001
002
|003
I
Program Memory L‘}/
—— |
|
222 :‘
223

(224

Each step of program memory is identified by a step number, from step 001 to 224, These step
numbers can be seen on the left side of the print-out.

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

As you may remember from the program you created, loaded, executed, and recorded in Meet
the HP-97, a program is nothing more than a series of keystrokes you would press to solve a
problem manually. The center column of the print-out shows you a symbol for the instruction
that is contained in that program memory step. Each instruction (or function) is contained in a
single step of program memory, no matter how many keystrokes it requires.

For example, if you examine the print-out of the Moon Rocket Lander program, you will
see that step 001 contains the instruction LBLA. These are the B3 keys. Step 002
contains the digit 5, step 003 contains the digit 0, step 004 contains the digit 0, and step
005 contains the instruction STO 6. Thus, in order to load this portion of the program into the
calculator from the keyboard, you would have pressed the following keys:

500
63 6

The column of numbers on the right of the print-out shows keycodes for the instructions.




Keycodes

Whe,nﬂl press [{ PRINT: [(PRGM ], you can easily identify what instruction is contained in
each step of program memory by the key symbols. When you are actually keying in a program,
however, you will find instructions identified in the display by their keycodes.

Refer to step 001 of the print-out for the Moon Rocket Lander. The step number is on
the left, the symbol for the instruction is in the center, and on the right are the keycodes for the
instruction. Each key on the HP-97 keyboard has a two-digit keycode.

BBl xLBLA el 11
Program Memory Function Keycodes

Step Number

For each keycode not preceded by a minus sign, the first digit denotes the row of the key on the
left half of the keyboard and the second digit denotes the number of the key in that row. So
keycode 21 identifies the 2" row of the left keyboard, 1*! key in that row. Always count from
the top down and from left to right. Each key, no matter how large, counts as one.

The key in the 2"® row, I*' key of the left side of the keyboard is the key.

The second keycode in the first line of the program is 11. This identifies the 15trow, 1% key; the
3 key. So the complete instruction identified by the keycodes 21 11 is a.

1" row, 15 key
ENG

ENTER ¢ CHS

“ B A Em

2 row, 15t key —— A' wp esd = KN BB
R B B
“ Ba L3

T T




11 4 | Y

L

Simple Programming 117 1

Using this handy matrix system, you can easily identify any key by its keycode. For conve-
nience digit keys are identified by keycodes 00 through 09. A keycode with a minus sign (-)
before it identifies a key from the right side of the keyboard.

Thus you can see that the keycode 05 at step 002 of the Moon Rocket Lander program
identifies the digit (), and the 00 keycode in step 003 and step 004 each identifies the digit (0).

Now look at program step 015 on the print-out of the Moon Rocket Lander. The minus
sign on the keycode -63 identifies the key as being on the right side of the keyboard,
while the address 63 identifies the 6 row, 3™ key, the key. Keycode 04 identifies the
digit (4) key. So you can see that the complete instruction is (a).

Notice that each step of program memory can hold a complete operation, no matter whether the
operation consists of one (e.g., B ), two (e.g., [{ (7)), or three (e.g., 5) keystrokes.

Problems

1.  What would be the keycodes for the following operations: {2, , B (Ams+],
1?

2. What operations are identified by the following keycodes: -41, 16 54, 16 01, 16-63?

3. How many steps of program memory would be required to load the following sections of
programs?
a. 2 3
b. 10 6 68

c. IED?2NEER2E2008

Clearing a Program

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

1. Press @@ with the PRGM-RUN switch ercm [[[[Jillrun set to PRGM. This
replaces whatever instructions are in program memory with instructions. In
PRGM mode, £ also specifies FIX 2 display mode, DEGREES trigonometric
mode, and clears all flags. (A instruction encountered in a program stops the
execution of that program. A flag is a status indicator within a program. More
-about these later.) The stack and storage register contents remain intact when £
is pressed.

2. Pass another magnetic card containing a program through the card reader with the
PRGM-RUN switch pram I run set to RUN. This replaces whatever instructions are
contained in the calculator’s program memory with the instructions for the new program.
(Reading a blank card does not alter the contents of program memory, and the calculator

displays to indicate that the card has not been read.)

3. Tumn the HP-97 OFF, then ON. This also replaces whatever instructions are in program
memory with instructions.

Now you are going to write your own program into the calculator from the keyboard, so to first
clear the HP-97 of the previous program:

Slide the PRGM-RUN switch prem [[[[Jill run to PRGM.
Press {3 to clear program memory.

Creating Your Own Program

In Meet the HP-97, you created, loaded, ran, and recorded a program that solved for the
surface area of a sphere, given the diameter of that sphere. Now let’s create, load, and run
another program to show you how to use some of the other features of the HP-97.

If you wanted to use the HP-97 to manually calculate the area of a circle using the formula
A = mr® you could first key in the radius r, then square it by pressing F@. Next you would
summon the quantity pi into the display by pressing 8 (7). Finally you would multiply the
squared radius and the quantity pi together by pressing E3.

Remember that a program to solve a problem is nothing more than the keystrokes you would
press to solve the problem manually. Thus, in order to create a program for the HP-97 that will
solve for the area of any circle, you use the same keys you pressed to solve the problem
manually.

The keys that you used to solve for area of a circle according to the formula 4 = mr? are:

0O
a

You will load these keystrokes into program memory. In addition, your program will contain
two other operations, B and G0
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The Beginning of a Program

To define the beginning of a program, you should use a [IE§ (label) instruction followed by one
of the letterkeys (13, 3.3, 8 or@, or [ (&) through g (2]). The use of labels permits you to

have several different programs or parts of programs loaded into the calculator atany time, and
to run them in the order you choose.

The digit keys ( (g) through (3)), when prefaced by » can also be used to define the
beginning of a program. However, since you must then press () from the keyboard if you

want to select and execute that program, (0] through are usually reserved for
defining routines—that is, parts of larger programs.

Ending a Program

To define the end of a program, you should use a (if}) (return) instruction. When the calculator
is executing a program and encounters a instruction in program memory, it stops. For
example, if the calculator were executing a program that had begun with @, when it
encountered a G, it would stop. Another instruction that will cause a running program to stop
is @8 . When a running program executes a instruction in program memory, it stops just
as it does when it executes GI. Good programming practice, however, dictates that you
normally use a instruction rather than to define the end of your program.

The Complete Program

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

(A ] Assigns name to and defines beginning of program.
Squares the radius.

[ 1 ] Summons pi into the display.

Multiplies 7* by  and displays the answer.

RTN Defines the end of and stops the program.

Loading a Program

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

1. By passing a magnetic card containing program instructions through the card reader with
the PRGM-RUN switch prom [l run st to RUN,

L

By setting the PRGM-RUN switch pram [T run to PRGM (program) and pressing the

keys from the keyboard in the natural order you would press them to solve a problem
manually.
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Since we do not have a magnetic card that contains the program we have written to solve for the
area of a circle, we will use this second method to load our program.

To load a program from the keyboard, simply slide the PRGM-RUN switch pram [T Run to
PRGM (program). When the PRGM-RUN switch is in the PRGM position, the functions and
operations that are normally executed when you press the keys are not executed. Instead, they
are stored in program memory for later execution. All operations on the keyboard except six
can be loaded into program memory for later execution. The six operations that cannot be
loaded in as part of a program are:

0 crrev, CHI, 650, O G50, G () (@ () (m), @@ PRINT: (Prom)

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

All other functions when pressed with the PRGM-RUN switch pram [[[Jilj runy in PRGM mode
are loaded into the calculator as program instructions to be executed later.

So if you have not already done so:

1. Slide the PRGM-RUN switch pram [[[[Illlrun to PRGM.

2. Press [ to clear program memory of any previous programs and to reset the
calculator to the top of program memory.

You can tell that the calculator is at the top of program memory because the digits
will appear at the left of the display. The digits appearing at the left of the display with the
PRGM-RUN switch pram [l RuN set to PRGM indicate the program memory step number
being shown at any time.

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

(LELJ Al
=
0o
a

RTN

Press the first key [©8, of the program.

Press Display

L6
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Now press the second key of the program, the £§ key.

Press Display
(4] [ 001 21 11 |

When the step number (001) of program memory appears on the left of the display, it indicates
that a complete operation has been loaded into that step. As you can see from the keycodes
present on the right side of the display, the operation is (keycode 21) ¥ (keycode 11).
Nothing is loaded into program memory until a complete operation (whether 1, 2, or 3
keystrokes) has been specified.

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

Press Display

[002 53]
i) [ 003 16-24
8 [004 -35
RTN [ 005 24

The program for solving the area of a circle given its radius is now loaded into program memory
of the HP-97. Notice that nothing could be loaded into the top of memory marker, step 000.

Running a Program
To run a program, you have only to slide the PRGM-RUN switch to RUN, key in any
“‘unknown’’ data that is required, and press the letter key (§ through @3, 8 (&) through £ [€))

that labels your program.

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

First, slide the PRGM-RUN switch prem ll[[MIRuN to RUN.

Press Display

3 28.27 | Square inches.
60 113.10 Square meters.
N A 254.47 Square miles.

Now let’s see how the HP-97 executed this program.
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Searching for a Label

When you switched the PRGM-RUN switch pram [l run to RUN, the calculator was set at
step 005 of program memory, the last step you had filled with an instruction when you were
loading the program. When you pressed the Y key, the calculator began searching sequen-
tially downward through program memory, beginning with that step 005, for a (A ]
instruction. When the calculator searches, it does not execute instructions.

The calculator reached the last step of program memory, step 224, without encountering a
E3 instruction. It then passed step 000 again and continued searching sequentially through
program memory for a B3 instruction. Only when the calculator found a a
instruction in step 001 did it begin executing instructions.

Executing Instructions

When the calculator found the 3 instruction in step 001, it ceased searching and began
executing instructions. The calculator executes instructions in exactly the order you keyed
them in, performing the B8 operation in step 002 first, then EJ (7] as in step 003, etc., until it
executes a instruction or a (run/stop) instruction. Since a instruction is executed
in step 005, the calculator stops there and displays the contents of the X-register. (To see the
next step number of program memory after the one at which the calculator has stopped, you can
briefly switch the PRGM-RUN switch pram [Tl run to PRGM.)

If youkey in a new value for the radius of a circle in RUN mode and press [, the HP-97 repeats
this procedure. It searches sequentially downward through program memory until it encounters
a B3 instruction, then sequentially executes the instructions contained in the next steps of
program memory until it executes a ora instruction.

You can see that it is possible to have many different programs or parts of a program loaded in
the HP-97 at any time. You can run any one of these programs by pressing the letter key (3§
through @, B (3 through EJ (8)) that corresponds with its label.

It is also possible to have several different programs or routines defined by the same label. For
example, suppose you had three programs in your HP-97 that were defined by B@. When
you pressed [@, the calculator would search sequentially through program memory from
wherever it was located until it encountered the first [lE8 [ instruction. The HP-97 would then
execute instructions until it executed a or a instruction and stopped. When you
pressed [8 again, the calculator would resume seaching sequentially from the or
through program memory until it encountered the second instruction, whereupon it
would execute that and all subsequent instructions until it executed a ora
instruction and stopped. When you pressed [@ a third time, the HP-97 would search downward
to the third instruction and execute that program.
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Executing ‘

Searching

- — — ———

Executing EEE——

Searching

/
L

Executing

If you try to press a letter key ( ¥ through @, £ (@ through EB(E)) that is not contained as a
label instruction in program memory, the HP-97 will execute no instruction and will display

. For example, if your HP-97 contains only the program for area of a circle that
you keyed in earlier, you can see this by simply pressing another letter key.

First, ensure that the PRGM-RUN switch prem [lI[[IRun is set to RUN.

Press Display

o)

To clear the error from the display, you can press , or any key on the keyboard, or you can
slide the PRGM-RUN switch prem [[[Illlrun to PRGM. The calculator remains set at the
current step of program memory.
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Labels and Step 000

The labels (I3 through @. §8 &) through §@ (€], (@) through (9)) in your programs act as
addresses—they tell the calculator where to begin or resume execution. When a label is
encountered as part of a program, execution merely ‘‘falls through’’ the label and continues
onward. For example, in the program segment shown below, when you pressed [}, execution
would begin at I3 and continue downward through program memory, on through the (8
(3) instruction, continuing until the was encountered and execution was stopped.

When you press [3

[ A ] ... execution begins here.

No here...
B | ... so execution falls through the instruction...

—/—_—_\\
i
I I |
RTN ...and continues to the GILY.

Execution falls through step 000, too. You can load instructions into steps 001 through 224 of
program memory, but you cannot load an instruction into step 000. In fact, step 000 merely acts
as a kind of label in program memory, a beginning point for the loading of a program. When
step 000 is encountered by a running program, execution continues without a halt from step 224
to step 001, just as if step 000 were not there.

Flowcharts

At this point, we digress for amoment from our discussion of the calculator itself to familiarize
ourselves with a fundamental and extremely useful tool in programming—the flowchart.

A flowchart is an outline of the way a program solves a problem. With 224 possible
instructions, it is quite easy to get *‘lost”” while creating a long program, especially if you try to
simply load the complete program from beginning to end with no breaks. A flowchart is a
shorthand that can help you design your program by breaking it down into smaller groups of
instructions. It is also very useful as documentation—a road map that summarizes the
operation of a program.
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A flowchart can be as simple or as detailed as you like. Here is a flowchart that shows the
operations you executed to calculate the area of a circle according to the formulad = 72,
Compare the flowchart to the actual instructions for the program:

Key
in radius.

Start

Square radius.

Summon pi.

Multiply.

4 4 4 4 ¢ 4 4 (Y

-
k
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You can see the similarities. At times, a flowchart may duplicate the set of instructions exactly,
as shown above. At other times, it may be more useful to have an entire group of instructions
represented by a single block in the flowchart for the program to calculate the area of a circle:

Calculate mrrz.

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

You can see how a flowchart is drawn linearly, from the top of the page to the bottom. This
represents the general flow of the program, from beginning to end. Although flowcharting
symbols sometimes vary, throughout this handbook and in the Standard Pac, we have held to
the convention of circles for the beginning and end of a program or routine, and rectangles to
represent groups of functions that take an input, process it, and yield a single output. We have
used a diamond to represent adecision, where a single input can yield either of two outputs.

For example, if you had two numbers and wished to write a program that would print only the
larger, you might design your program by first drawing a flowchart that looks like the one
shown here on the following page:
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Input #1.

Input #2.

Is
#2 larger than
#17?

Print #2. Print # 1.




128 Simple Programming

After drawing the flowchart, you would go back and substitute groups of instructions for each
element of the flowchart. When the program was loaded into the calculator and run, if #2 was
larger than #1, the answer to the question ‘Is #2 larger than #17"* would be YES, and the
program would take the left-hand path, print #2, and stop. If the answer to the question was
NO, the program would execute the right-hand path, and #1 would be printed. (You will see
later the many decision-making instructions available on your HP-97.)

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

The Printer and the Program
Printer Operation during a Running Program

Like the other keys on your HP-97, the printer operates in the same natural, normal manner
during a running program as it does when you are using the calculator manually. Thus, if you
have the Print Mode switch set to TRACE during a running program, the printer will preserve a
record of each operation and intermediate result calculated during the program, just as it would
if you were pressing each key yourself.

In most cases, you will probably want the HP-97 to run a program as quickly as possible, and
you will not want the running program to have to *‘slow down’’ to engage the printer, as it does
in the TRACE mode of the Print Mode switch. To ensure the fastest program execution, place

TRACE
the Print Mode switch man [[[Jillnorm in the MAN or NORM position. If you want the HP-97

to print some results during or at the end of a running program, simply place a
instruction in the program wherever printed results are required.

Using the Printer for Creating Programs

The printer on your HP-97 is a valuable and time-saving tool that you can use not only to record
answers and program listings, but also to aid you in creating and editing programs.

For example, when creating a program you can use the printer to generate the list of keystrokes

TRACE
that will later form the bulk of your program. With the Print Mode switch man [ norm set to

NORM, the printer records a history of the calculations necessary to solve a problem. Then you
can simply go back and follow the listing produced by the printer when loading instructions
into program memory.
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Example: The formula to calculate the total resistance
of two parallel resistances in an electrical circuit is:

R, — _RIR2
" RI +R2

Write a program that will permit you to key in any two

parallel resistances and calculate the total resistance.

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

TRACE
Slide the Print Mode switch man [lll[[[Inorm to NORM.

Press Display
1500 1500.00 ]
1 1500.00

2200 [2200. |
(x] 3300000.00 |
B sy [2200.00
1 1500.00 |
3700.00

=

As you can see you have generated a list of keystrokes that solves the problem. Your list should
look like this:

1586. 68 ENT?
sTo!

2206.0C X
L5TX
RCL

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

15@6. 68 ENTT
2286, 80 STO!
o ¢

X

LSTX

RCLY

+

Now assume that the values for R1 and R2 have been input to the Y- and X-registers,
respectively. Define the program with B3 and GE, and it looks like this:

0 o 5 G W

BE3 *LELAR 21 1l
gEc: : Si0] 9 Eed |
BEZ xey -41
gog X o3
ges  LSTN 16-63
BEE  RCLI 36 &1
o + o
ges = -24
ges RTH 24

Switch to PRGM mode and define the beginning of the program:
Slide the PRGM-RUN switch pram [[[[Jill run to PRGM.

Press Display

i [ 000 | Clears previous pro-
grams and resets
calculator status.

(4] 001 21 11 |
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Now follow the list of keystrokes to key in the rest of the program. After the last keystroke,
define the end of the program with .

Press Display

1 002 35 01
(003 " -a1 ]
[ 004 -35 ]
B stx) (005 16-63 |
1 [ 006 36 01 |

LQW—-55_F
8 [oo8 -24

RTN | 009 24 ]

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

Slide the PRGM-RUN switch prem [ll[[[Irun to RUN.

Press Display

1500 | 1500.00 ]
2200 [ 2200. |
A ] [ 891.89 ]

As you can see, the printer is a great aid in the creation of programs. To view the complete
program listing, press GLJE8 Print: PRGM.

Program Listing

The printer gives you two different listings of your programs. With the Print Mode switch

TRACE . . .
man [Tl norm set to MAN, the printer lists step number, operation, and keycode for each step

of program memory, beginning with the current step and continuing until step 224 or two
instructions in a row are encountered. However, in the NORM or TRACE positions of the Print
Mode switch, the printer lists only the step number and instruction, omitting the keycode. This
type of listing is generated much faster, and is very useful for preserving a record of your
program without the keycodes.




Here are examples of these listings:

Print Mode switch Print Mode switch
TRACE TRACE
man [T NoRM man Il ~norm
set to MAN. set to TRACE or
TRACE
man [T norm
set to NORM.
BBl xlBLA ol Bl 861 =*LELA
pEZ Sitl 35 Bl ge2 STa
pEs Al -4} 8g2 AY
BiEg X =35 ge4 X
BES LSTS5 16-53 Bes> LSTX
BEs RCLI 3£ &1 2ac RCLI
(] g o =55 eer *
geo = -24 eas 2
e RTN 24 8B& RTH
gig k-E < 81& /&

Printing a Space

If you wish to insert a space between portions of your print-out or between answers, you can
use the [ PRINT: (print space) function. Like the paper advance pushbutton, this
function advances the paper one space without printing. Digit entry is not terminated by the
paper advance pushbutton or by the [ PRINT: function.

For example:

Press Display
123. 123.
@3 PRINT: 123. Paper advances one

space.

456. Digit entry was not

terminated by printing
a space.

From the keyboard, of course, the paper advance pushbutton is the easiest way to advance the

paper without printing. From a program, however, the use of [ PRINT: instructions
allows you to place as many spaces as you desire in your printed results.

)
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Problems

1. You have seen how to write, load, and run a program to calculate the area of a circle from
its radius. Now write and load a program that will calculate the radius r of a circle given its
area A using the formula r = VA/mw. Be sure to slide the PRGM-RUN switch
praM [T Run to PRGM and press [ first to clear program memory. Define the
program with I3 [ and GEQ). After you have loaded the program, run it to calculate
the radii of circles with areas of 28.27 square inches, 113.10 square meters, and 254.47
square miles.

(Answers: inches, meters, miles.)

2. Write and load a program that will convert temperature in Celsius degrees to Fahrenheit,
according to the formula F = 1.8 C + 32. Define the program with and G, and
run it to convert Celsius temperatures of —40°, 0°, and +72°.

(Answers: | =40.00 |° F, | 32.00 °F, | 161.60 °F.)

3. Immediately after running the program in Problem #2, create a program that will convert '
temperature in degrees Fahrenheit back to Celsius according to the formula C = 5/9
(F-32), defining it using @) and G, and load it into program memory \
immediately after the program you loaded in Problem #2. Run this new program to
convert the temperatures in °F you obtained back to °C.

If you wrote and loaded the programs as called for in Problems #2 and #3, you should now be
able to convert any temperature in Celsius to Fahrenheit by pressing [@, and any temperature in
Fahrenheit to Celsius by pressing . You can see how you can have many different programs
loaded into the HP-97 and select any one of them for running at any time.
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Section 7

Program Editing

Often you may want to alter or add to a program that is loaded in the calculator. On your
HP-97 keyboard, you will find several editing functions that permit you to easily change any
steps of a loaded program without reloading the entire program.

As you may recall all functions and operations on the HP-97 keyboard can be recorded as
instructions in program memory except six. These six functions are program editing and
manipulation functions, and they can aid you in altering and correcting your programs.

Nonrecordable Operations

[ £ ] is one keyboard operation that cannot be recorded in program memory. When you
press 8 with the PRGM-RUN switch prem [J[[Jiill run set to PRGM, program memory
is cleared to instructions and the calculator is reset to top of memory (step 000) so that the ‘
first instruction will be stored in step 001 of program memory. E8 also sets the trigo- ‘i
nometric mode to DEGREES, the display mode to FIX 2, and clears flags FO, F1, F2, and F3
(more about flags in section 13). With the PRGM-RUN switch set to RUN, [ELPRGM only
cancels the @ prefix key that you have pressed before it.

(single step) is another nonrecordable operation. When you press with the PRGM-
RUN switch prem [[[Jlll run set to PRGM, the calculator moves to and displays the next step
of program memory. When you press down with the Program Mode switch prem Il run
set to RUN, the calculator displays the next step of program memory—when you release the
key, the calculator executes the instruction loaded in that step. permits you to single
step through a program, executing the program one step at a time or merely viewing each step
without execution, as you choose.

(back step) is a nonrecordable keystroke that displays the previous step of program
memory. When you press with the Program Mode switch pram [l run set to PRGM,
the calculator moves to and displays the previous step of program memory. When you press
down with the Program Mode switch prem T[T run set to RUN, the calculator moves to
and displays the contents of the previous step of program memory. When you then release
. the original contents of the X-register are displayed. No instructions are executed.

(*] (0] [n] (] is another keyboard operation that cannot be loaded as an instruction.
(ER A or followed by any other label, however, can be loaded as a program instruc-
tion. More about the use of this instruction later.) Whether the Program Mode switch is set to
RUN or PRGM, when you press (3] followed by a three-digit step number, the calculator
transfers execution so that the next operation or instruction will begin at that step number. No
instructions are executed. If the calculator is in RUN mode, you can verify that the calculator
is set to the specified step by briefly sliding the Program Mode switch prem [[[HllruN to Bl
PRGM. The (=] (0] (n] (n] operation is especially useful in PRGM mode because it permits il
you to jump to any location in program memory for editing of or additions or corrections to
your programs.

135
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The (delete) key is a nonrecordable operation that you can use to delete instructions from
program memory. When the Program Mode switch pram [[[[Jllrun is set to PRGM and you
press {8 [DEL], the instruction at the current step of program memory is erased, and all sub-
sequent instructions in program memory move upward one step. The section of program
memory shown below illustrates what would happen when you press §§ with the
calculator set to step 005.

With the calculator set to step 005, when you press £ , program memory is changed...

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

E&1  XLBLA P B el XLEBELA 2i:r
gez Ne 53 gee X2 a3
62 Fi 16-74 g87 Py i6-24
@4 b3 =323 &84 X =8>
517 ) FRTX -14 #as rTH 24
8ee ETK 24 age RS S
Ba7 ReE 51

In RUN mode, pressing merely clears (cancels) an [fJj prefix key that you have pressed.

Another key, ) PRINT: is not recordable in program memory but otherwise operates
the same way whether the Print Mode switch is set to PRGM or RUN.

When you press [ PRINT: [(PrGm J, regardless of the setting of the Print Mode switch, the
HP-97 immediately begins printing the contents of program memory beginning with the step to
which the calculator is set. This feature allows you to list a complete program at any time,
whether you are loading it, single-stepping through it, or because you simply wish to know
the contents of program memory. The calculator prints the contents of program memory until
it encounters two instructions in succeeding steps, until you press (or any key)
from the keyboard, or until step 224 is printed.

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

Pythagorean Theorem Program

The following program computes the hypotenuse of
any right triangle, given the other two sides. The
formula used is ¢ = Va*® + b%.

On the following page are instructions for the program
(basically, the same keys you would press to solve for
¢ manually), assuming that values for sides @ and b
have been input to the X- and Y-registers of the stack.
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To load the program:

First slide the Program Mode switch prem [[[[Illrun to PRGM. Then press §B [CLPRGM to
clear program memory of any previous programs and reset the calculator to step 000 of
program memory.

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

Press Display |
E] [ 001 21 15 |

[ 002 53 |

xzy [ 003 -41 |

[x?] [ 004 53 |

[ 005 -55 | ’

[ 006 54 ]

RTN [ 007 24 ]

With the program loaded into the HP-97, you can run the program. For example, calculate
the hypotenuse of a right triangle with side a of 22 meters and side b of 9 meters.

Before you can run the program, you must initialize it.

Initializing a Program

Initialization of a program means nothing more than setting up the program (providing inputs,
setting display mode, etc.) prior to the actual running of it. Some programs contain initializa-
tion routines that set up the data to run the program. In other programs, you may have to
initialize manually from the keyboard before running. In the case of the program for calcu-
lating the hypotenuse of a triangle, to initialize the program you must place the values for
sides a and b in stack registers X and Y. (Notice that the order does not matter in this case.)
Thus, to initialize this program:

First, slide the Program Mode switch pram [l[[[[lrun to RUN.

Press Display
22 [ 22.00 ]
9 Los. |

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

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

Press Display
E | 23.77 Length of side ¢ in

meters ,

To compute the hypotenuse of a right triangle with a side a of 73 miles and a side b of 99 miles:

Press Display
73 73.00

99

Program initialized
for new set of data
before running.

[ E ] 123.00 Length of side ¢ in

miles.

Now let’s see how we can use the nonrecordable editing features of the HP-97 to examine and
alter this program.

Resetting to Step 000

As you know, when you press {3 with the Program Mode switch set to PRGM, the
calculator is reset to step 000 and all instructions in program memory of the HP-97 are erased
and replaced with instructions. However, you can reset the HP-97 to step 000 of program
memory while preserving existing programs in program memory by pressing (+J 000 in
PRGM or RUN mode, or in RUN mode.

To set the calculator to step 000 with the Pythagorean Theorem program loaded into program
memory:

Press Display
(] 000 123.00 Length of side ¢

remains in display
from previous running
of program.

You could also have pressed in RUN mode to set the calculator to step 000. Slide the
Program Mode switch pram [[[[lll run to PRGM to verify that the calculator is now set at step
000 of program memory.

Display




g {4 {4

|
E

Program Editing 139

Single-Step Execution of a Program

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

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

First slide the Program Mode switch pram [Jl[Jrun to RUN.

Press Display
73 [73.00 |
99 [99. | Program initialized

for this set of data
before running.

Now, press and hold it down to see the keycode for the next instruction. When you release
the key, the next instruction is executed.

Press Display

SST L0017 21 15 | Keycode for
3@ seen when you hold
down.

[99.00 | @ executed
when you release .

The first instruction of the program has executed when you pressed and release &3 . (Notice
that you didn’t have to press [@—when you are executing a program one step at a time,
pressing the key begins the program without the need to press the user-definable (@ key.)

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

Press Display
SST (002 53 | Keycode for 3.
[9801.00 | Executed.

When you press a third time in RUN mode, step 003 of program memory is displayed.
When you release the key, the instruction in that step, , is executed, and the calculator
halts.

Press Display
ssT (003 -14 | Keycode for EZ53.
[73.00 Executed.
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Continue executing the program by means of the key. When you have executed the
instruction in step 007, you have completed executing the program and the answer is dis-
played, just as if the calculator had executed the program automatically, instead of via the

key.

Press Display
ssT [ 004 53 |
[ 5329.00 1
[ oos -55 ]
[ 15130.00 ]
006 54 |
123.00
007 24
[ 123.00 |

You have seen how the key can be used in RUN mode to single-step through a program.
Using the key in this manner can help you create and correct programs. Now let’s see

how you can use EE3, (8, and )@@ [ in PRGM mode to help you modify a pro -
gram.

Modifying a Program
Since you have completed execution of the above program, the HP-97 is set at step 008.

You can verify that the calculator is set at this step by sliding the Program Mode switch
prRGM [Tl run to PRGM and observing the step number and keycode in the display.

Now let’s modify this Pythagorean Theorem program so that it will print the values of sides
a and b and the calculated value of the hypotenuse, side c¢. First, print the program by
going to step 000 and pressing [fj PRINT: so that you can see where instructions will
have to be inserted to modify the program as required.

Press Display

RTN [(123.00 ] In RUN mode, press-

ing from the
keyboard moves the
calculator to step 000

of program memory. g2f: xlELE 21 15

fee XE 53

@ PRINT: You want to insert @f“ k"a -41
instructions geés Xz 23

after each of Bas + -85

these instructions. aée % 54

BE? ETN 24

Printer lists program e R/ RH

instructions until it
encounters second
in a row.
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To begin modification of the loaded program, again reset the calculator to step 000 of program
memory without erasing the program:

Press Display

() 000 [ 123.00 | Calculator reset to
step 000 of program
memory.

Single-Step Viewing without Execution

You can use the key in PRGM mode to single-step to the desired step of program memory
without executing the program. When you slide the Program Mode switch to PRGM, you
should see that the calculator is reset to step 000 of program memory. When you press
once, the calculator moves to step 001 and displays the contents of that step of program
memory. No instructions are executed.

Slide the PRGM-RUN switch pram [l run to PRGM.

Press Display
[000 ] Step 000 of program
memory displayed.
SST 001 21 15 | Calculator moves to

step 001 without
executing instructions.

You can see that the calculator is now set at step 001 of program memory. If you press a
recordable operation now, it will be loaded in the next step, step 002, of program memory, and
all subsequent instructions will be ‘‘bumped’” down one step in program memory. Thus, to
load the [IITiEY instruction so that the calculator will print the value of side b during execution:

Press Display
[002 =14
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Now let’s see what happened in program memory when you loaded that instruction.
With the calculator set at step 001, when you pressed [IIES, program memory was altered. ..

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

A8t - SLBLE - F1 .15 Bp! *xLBLE 21,15

gaz Xz 5 - BEZ  PRTA -i4 - instruction

aaz =1 -41 662 HE e inserted here.

684 X2 5 ™ 0 Y -41 )

685 + s e e 53

pec IX 54 ges + -E8

Ba? RTN 24 B&7 % 54

Beg R-S =1 gee ETH 24 All subsequent in-

ges R<S 51 6eg k-8 gi structions are

g1e R-S 51 Fig E.S £ ““bumped’” down

211 /C 51 11 E.g £y one step of program
memory.

221 RS a1 | E-S =

222 Rz 51 ™ 53p  poo 3

393 piE Mpn ™ ooy g £y

224  Rs 51 hoae . e 51

\ RS One instruction

lost here.

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

Going to a Step Number

It is easy to see that if you wanted to single-step from step 000 to some remote step number
in program memory, it would take a great deal of time and a number of presses of the
key. So the HP-97 gives you another nonrecordable operation, (*] (0] [n] [n), that permits
you to go to any step number of program memory.

Whether the Program Mode switch is set to PRGM or to RUN, when you press ®
(n) (n) (n], the calculator immediately jumps to the program memory step number specified

] O
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by the three-digit number (n] (n) (n]. No instructions are executed. In RUN mode, you can
momentarily slide the Program Mode switch to PRGM to view this program information,
while if the calculator is already in PRGM mode, the step number and keycode for the instruc-
tion contained in that step are displayed. Program printing, searching, or execution then will
begin with that step of program memory. Loading will begin with the next step of program
memory.

For example, to add a instruction to print the value for the hypotenuse that is now
calculated by the instruction in step 007, you can first press (go to) followed by a decimal
point and the appropriate three-digit step number of program memory. Then press to
place that instruction in the following step of program memory. Remember that when you
add an instruction in this manner, each subsequent instruction is moved down one step in
program memory, and the last instruction is lost. To add a instruction after the
instruction that is now loaded into step 007:

Press Display
(3 007 007 ~ 54]
[ 008 -14

As you load the instruction into step 008, the instruction that was formerly in step 008
is moved to step 009, and the instructions in subsequent steps are similarly moved down one
step. The instruction in step 224 is lost from program memory.

When you added the instruction after step 007, program memory was altered...

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

BB #ELE 21 15 gal  »LBLE 2i:15
ge2  FRIX -ig gee FRTH =14
BEE xE &3 643 xe AN
Ed4 08 4 -4} chd &Y -4
ees HE B BGS Xe 53
gas i =55 gac + L
ae7 M 4 EE&7 % 54 e
aRG RFTH z4 BE5 DRTY -14 == f3 instruction
B3 RS 51 ™ e RN € inserted here.
B1E RS 5 S gig ek 51

53 1 R-E 53

g12 RC 31 All subsequent in-

structions are moved

221 /5 5i 251 R.T 53 down one step of
522 RS 51 T 222 E; 5 program memory.
2 f S SR 2 <& i
223 £8 SL . @3 Fr5 54
274 R-S 51 2ed RLE 3]

£

One instruction

R/S
lost here.
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Stepping Backward through a Program

The (back step) key allows you to back step through a loaded program for editing whether
the calculator is in RUN or PRGM mode. When you press &, the calculator backs up one
step in program memory—if the calculator is in RUN mode, the calculator moves to and dis-
plays the contents of the previous step of program memory when you hold the key
depressed, then displays the original contents of the X-register when released. If the
calculator is in PRGM mode, you see only the step number and keycode of the previous step.

You now have one more [EIIEE] instruction to add to the Pythagorean Theorem program. The

instruction should be added after the instruction, keycode —41, that is now loaded
in step 004 of program memory. If you have just completed loading a instruction in
step 008 as described above, the calculator is set at step 008 of program memory. You can
use the key to back the calculator up to step 004, then insert the instruction in
step 005. To begin:

Ensure that the Program Mode switch pram [[[[IllRun is set to PRGM.

Press Display
[ 008 -14 | Calculator initially set
to step 008.
BST [ 007 54 | Pressing [E) once

moves the calculator
back one step in
program memory.

When you press BB, the calculator backs up one step in program memory. No instructions
are executed when you use the key. Continue using the key to move backwards
through program memory until the calculator displays step 004.

Press Display

BST 006 -55 |
BST 005 53 |
BST 004 -41

Since you wish to insert the GEIEES instruction after the EZ&J instruction now loaded in step
004, you move the calculator to step 004 first. As always, when you key in an instruction, it
is loaded into the next step after the step being displayed. Thus, if you press GIIiE3 now, that
instruction will be loaded into step 005 of program memory, and all subsequent instructions
will be moved down, or ‘*bumped’’, one step.

Press Display
005 -14
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Verifying Program Changes

You have now finished modifying the Pythagorean Theorem program to print the values of
all three sides when it is run. The altered program is shown below:

b6y *LBLE 21 15 .
pe:  PRTX -14
63 X2 53
BB X2 -41
805  PRTX -14
BOE X2 53
pe7 4 -55
pee X 54
86  PRTX -14
p1e RN 24
12 s g 51

You can verify that the program in your HP-97 is the same as the one shown by setting the
calculator to step 000 and printing the program. To print the modified Pythagorean Theorem
program now loaded in your calculator:

Press Display

3 000 Returns calculator to
step 000.

@ PRINT: Prints contents of

program memory. Halts
printing of program
memory after step 011.

Verify that the program printed by your HP-97 duplicates the one shown above.

Running the Modified Program

To run the Pythagorean Theorem program, you have only to key in values for sides @ and b
and press [@ . The HP-97 will calculate the value of side ¢, and it should now print values for
sides a, b, and c. For example, to compute the hypotenuse of a right triangle with sides a and
b of 22 meters and 9 meters:

Slide the PRGM-RUN switch prem JiI[[Jrun to RUN.

Press Display
S.88  xxx
2 e
9 Program initialized. onr ¥
E] The answer in meters. -?_—;: gg ::i
[23.68 *x¥¥

Now run the program for a right triangle with sides @ and b of 73 miles and 99 miles.
(Answer: 123 miles.)
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Deleting an Instruction

Often in the modification of a program you may wish to delete an instruction from program
memory. To delete the instruction to which the calculator is set, merely press the nonrecord-
able operation §3 (delete) with the HP-97 Program Mode switch prem [[[[IllRuN set to
PRGM. (When the Program Mode switch is set to RUN, pressing does nothing except
cancel a pressed prefix key [8.) When you delete an instruction from program memory using
the key, all subsequent instructions in program memory are moved up one step, and a
instruction is loaded into step 224. The calculator moves to the step before the deleted
step and displays it.

For example, if you wanted to modify the Pythagorean Theorem program that is now loaded
into the calculator so that only the value for side ¢ was printed, you would have to delete the
instructions, keycode —14, that are presently loaded in steps 002 and 005 of program
memory. To delete these instructions, you must first set the calculator at these steps using

[ssTR or (+] (n] (n] [n], then press B (OEL). To delete the instruction now
loaded in step 002:

First, slide the Program Mode switch prem [[[[IlllRun to PRGM.

Press Display
.002 [002 =14 | Step 002 is displayed.
&) [o01 21 15 | The instruction in step

002 is deleted and the
calculator moves to
step 001.

You can use the key to verify that the GIJI#3 instruction, keycode - 14, has been deleted,
and subsequent instructions have been moved up one step.

Press Display
E5T 002 53 | The instruction

formerly in step 003
was moved up to step
002, and all
subsequent instruc-
tions were moved up
one step, when you

pressed {3 .
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When you set the calculator to step 002 of program memory and pressed [} [0EL), program
memory was altered. ..

... from this ... ... to this.
gt ¥ EIE 2105 PAT. ¥LBLE - 2115 - One instruction
BEZ PRTX =14 o BEZ Xe o 1 deleted here.
a83 xz 53 > Baa iy 41
264 g -4} > g&4  PRTX -i4
pBES  PRTX -14 ars Xe 53
R&S XE 53 pas + -55
pez + =55 ey X 54
BGe X 53 BeE  PRTX ~14
28%  FRTX -4 ges RTH 24 These instructions
git RTH 24 g1e RE 5§ 7 all move upward
g1 Brs &4 111 LA St one step.
Bis RS a1 Blg £s5 a7
£z RS 51 2! E-€ 51
937 pos g0 —> . ippaiipag 51 1
¥a3 0 pes i fppaliigae 51
224 EAS 51 — 724 o 5i One instruction _
added here. |
A 4
|

To delete the instruction now loaded in step 004 you can use the key to
single-step down to that step number and then delete the instruction with the £ operation.

Press Display I i
SST 003 —41 : |
|
SST (o004 —14) .
1 ] [ 003 -41] The instruc- |

tion, keycode -14, is
deleted from step 004
and the calculator
displays step 003.
Subsequent instruc-
tions move up one
step of program
memory.
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If you have modified the program as described above, the HP-97 should now print only the
computed value for the hypotenuse, side ¢, of a right triangle when sides a and b are input to
the X- and Y-registers of the stack and the Pythagorean Theorem program is run.

Slide the Program Mode switch prem [lll[[IRun to RUN, and run the program for right
triangles with:

Sides a and b of 17 and 34 meters. Answer for side ¢ is
38.01 meters.

Sides a and b of 5500 rods and
7395 rods. Answer for side ¢ is
9216.07 rods.

To replace any instruction with another, simply set the calculator to the desired step of pro-
gram memory, press KJ to delete the first instruction, then press the keystrokes for the
new instruction.

Using the Printer for Editing

In the TRACE position of the Print Mode switch, the printer preserves a record of every
instruction executed in a running program, as well as all intermediate and final answers. This
feature is a valuable aid in debugging and editing programs. To see how the printer reproduces
the action of a program, slide the Print Mode switch to TRACE and run the Pythagorean
Theorem program to solve for a triangle with sides @ and b of 11282 kilometers and 65482.448
kilometers:

TRACE
Slide the Print Mode switch man [J[[[Ilinorm to TRACE,

Press Display
11282.82 EHT?
&5482.448 BEBE
agi SMEEE
86z XE
4207050956, ¥kx
863 Roy
11282.88 w¥x
11282 [ 11282.00 ] ea4 X
65482.448 [ 65482.448 | 127283524.8 ¥4
€ | [ 66447.23 | Kilometers. @65 M
4415234526, #kx
a6¢ '
66447.23 #x#
67 PRTX

EEA4T. 23 ik
a6s RTH
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The printer shows every keystroke, every instruction executed, and, where calculated, every
intermediate and final result.

When a program halts in the middle of execution because of an error or because of an over-
flow, you can slide the PRGM-RUN switch to PRGM to see the step number and keycode
of the instruction that caused the error or overflow. It may be more helpful, however, to run
the program with the Print Mode switch set to TRACE so that you chart the events, step-by-
step, that led to the error.

With the printer set to the TRACE mode, you can print the operation of the entire program, or
by first addressing the desired beginning step of program memory with ) ® [ @,

B33, or BB, you can print only a portion of the operation of the program if you desire. You
can even print all or only a portion of a program by beginning execution with the Print Mode

switch set to, say, MAN. Then in the middle merely slide the Print Mode switch to TRACE,
and the printer will record all operations from that point onward. There is no need even to

stop execution.

You can use the printer in the TRACE mode in conjunction with to slow down
execution even more. With the Print Mode switch set to TRACE, each time you press the
key, one instruction is executed and the instruction and any results are also printed. With
this feature, you can examine your programs step-by-step with a fine-toothed comb!

Problems

1. Youmay have noticed that there is a single keyboard operation, the @3 key, that calculates
the hypotenuse, side ¢, of a right triangle with sides @ and b input to the X- and Y -registers.
Replace the £, E25, B9 . €3, and @ instructions in the Pythagorean Theorem program
with the single @@ instruction, as follows:

a. Use the () () (m) (n) and E@ PRINT: keys to verify that the Pythagorean

Theorem program in your HP-97 contains the instructions shown below.

BR! wLELE 21:15

gee KE 7L

BES bl -41 Replace all of these
ea4 XT 53 instructions with a
pes + t 5 B3 instruction.

BE& X 54

pé7  PRTX wtg

gRa ETH 24

ges RsE 51

b. Usethe () () () () keyboard operation to go to step 006, the last instruction to
be deleted in the program.
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c. Use the keyboard operation in PRGM mode to delete the instructions in steps
006, 005, 004, 003, and 002.
Note: When modifying a program, you should always delete instructions before you

add others, to ensure that no vital instructions are “bumped” from the bottom of
program memory and lost.

d. Load the @@ instruction into step 002.

e. Verify that the modified program looks like the one below.

881 #lELE i b
ges i 24
BE8Z  FRTX -14
Bé4 RETH 4
aes Rs& 31

f. Switch to RUN mode and run the program for a right triangle with sides a and b of 73

feet and 112 feet.
(Answer: 133.69 feet)

2. The following program is used by the manager of a savings and loan company to compute
the future amounts of savings accounts according to the formula FV = PV (1 + i)n,
where FV is future value or amount, PV is present value, i is the periodic interest rate
expressed as a decimal, and n is the number of periods. With PV entered into the
Y-register, n keyed into the X-register, and an annual standard interest rate of 7.5%, the

program is:

Eg: xLELA ot
gas i #1
BEs - ENTY el
EE4 . =5
665 8 &6
BEE 7 g7
gev > e
Bes + = 0e
ges Aef -41
g1e i 21
4] X -35
eiz FTH 21

12 F-E 5l

a. Load the program into the calculator.

b.  Run the program to find the future amount of $1,000 invested for 5 years.
(Answer:  $1,435.63)

Of $2,300 invested for 4 years. (Answer: $3,071.58)
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c. Alter the program to account for a change of the annual interest rate from 7.5% to 8%,
and add a instruction so that the answer (future value) is printed.

d. Runthe program for the new interest rate to find the future value of $500 invested for 4
years; of $2,000 invested for 10 years.
(Answers: $680.24; $4,317.85)

The following program calculates the time it takes for an object to fall to the earth when
dropped from a given height. (Friction from the air is not taken into account.) When the
program is initialized by keying the height h in meters into the displayed X-register and Y
is pressed, the time ¢ in seconds the object takes to fall to earth is computed according to the
formula

2d

t - it ——————
9.8 meters/sec?

a. Clear all previously recorded programs from the calculator and load the program
below.

@81 xLBLA a1
=21

gp2  ENT? =21
a6z 2 2
ea4 X =35
ees 3 es
aec . -t
eev & &g
get s -24
8e9 E 5
a1e RTN 24

b. Run the program to compute the time taken by a stone to fall from the top of the Eiffel
Tower, 300.51 meters high. From a blimp stationed 1000 meters in the air.
(Answers: 7.83 seconds, 14.29 seconds)

c. Alter the program to compute the time of descent when the height in feet is known,

according to the formula
2d
t =
\/:2. 1740 feet/sec®

d. Run the altered program to compute the time taken by a stone to fall from the top of the
Grand Coulee Dam, 550 feet high. From the 1350-foot height of the World Trade Center
buildings in New York City.

(Answers: 5.85 seconds, 9.16 seconds)
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Section 8

Branching

Unconditional Branching and Looping

You have seen how the nonloadable operation (*] (7] (n) (] can be used from the keyboard
to transfer execution to any step number of program memory. You can also use the
(go to) instruction as part of a program, but in order for to be recorded as an
instruction, it must be followed by a label designator (£ through @, ¥3 (@ through § (€], or
(@) through (9]). It can also be followed by [@l—more about using [@ later.

When the calculator is executing a program and encounters a B instruction, for example,
it immediately halts execution and begins searching sequentially downward through program
memory for that label. When the first [l B} instruction is then encountered, execution begins
again.

By using a (&3 instruction followed by a label designator in a program, you can transfer execu-
tion to any part of the program that you choose.

Execution branches to next (e}

A instruction used this way is known as an unconditional branch. It always branches
execution from the instruction to the specified label. (Later, you will see how a conditional
instruction can be used in conjunction with a instruction to create a conditional branch—a
branch that depends on the outcome of a test.)

A common use of a branch is to create a “‘loop’” in a program. For example, the following
program calculates and prints the square roots of consecutive whole numbers beginning with
the number 1. The HP-97 continues to compute the square root of the next consecutive whole
number until you press to stop program execution (or until the calculator overflows).

153
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To key in the program:
First, slide the Program Mode switch prem [[[[Jllrun to PRGM.

Press [ to clear program memory and reset the calculator to step 000.

Press Display

(] [ 001 21 11]
0 [ 002 00 |
1 003 35 01
7 [ 004 21 07]
1 005 -01

1 006  35-55 01
1 007 36 01|

008 -14
[ 009 54 |
010 -14
@) PRINT: (Space] [ 011 16-11 |
7 [012 22 07|
RTN [ 013 24 |

To run the program, slide the Program Mode switch pram [llT[[lrun to RUN and press £ . The
program will begin printing a table of integers and their square roots and will continue until
you press from the keyboard or until the calculator overflows.

How it works: When you press [§, the calculator searches through program memory until it
encounters the @ instruction that begins the program. It executes that instruction and each
subsequent instruction in order until it reaches step 012, the 7 instruction.

The 7 instruction causes the calculator to search once again, this time for a 7 in-
struction in the program. When it encounters the 7 instruction loaded in step 004,
execution begins again from that 7. (Notice that the address after a instruction in a
program is a label, not a step number.)

Since execution is transferred to the 7 instruction in step 004 each time the calculator
executes the 7 instruction in step 012, the calculator will remain in this ‘‘loop,”’ con-
tinually adding one to the number in storage register R, and printing the new number and its
square root.
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01 *LELA ¥
662 ) g%
g8z STOI 35 ot
-—_» 28 ®BL7T 21 @7
r 895 1 g:
| 285 ST+l 35-55 @i
| 867  RCLI 25 8!
| 335 PRTY -14
|
I
I
|

gas I¥ 54
aie@  PRTX -14

g11. = SPC 16-11
———Y g1z 6707 22 @7
213 RN 24
g14  R/S 5

Looping techniques like the one illustrated here are common and extraordinarily useful in
programming. By using loops, you take\advamage of one of the most powerful features of the
HP-97—the ability to update data and perform calculations automatically, quickly, and, if
you so desire, endlessly. '

You can use unconditional branches to create a loop, as shown above, or in any part of a
program where you wish to transfer execution to another label. When the calculator executes a
instruction, it searches sequentially downward through program memory and begins
execution again at the first specified label it encounters.

Problems

1. The following program calculates and prints the square of the number 1 each time it is run.
Key the program in with the PRGM-RUN switch prom [[[[IllRUN sct to PRGM, then
switch to RUN and run the program a few times to see how it works. Finally, modify the
program by inserting a [ instruction after the 1 instruction in step 003, and a
B instruction after the { PRINT: instruction. This should create a loop that
will continually print a new number and its square, then increment the number by 1, print
it, and compute and print its square, etc. To load the original program, before modifica-
tion, slide the PRGM-RUN switch prem [Tl run tO PRGM. Then:

Press Display

(5] [ 001 21 12
0 002 00]
1 [ o003 35 01]
1 (o004 01]
1 (005 35-55 01

1 006 36 01 |
007 -14

[oos 53 |
Coo9 -14 |
@ PRINT: (5Pace) [ 010 16-11 |
RTN Co11 24
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2. Use the flowchart on the opposite page to create
a program that computes and prints the future
value (FV) of a compound interest savings account
in increments of one year, according to the
formula:

FV =PV + i)

where FV =future value of the savings account.

PV =present value (or principal) of the

account.

i = interest rate (expressed as a deci-
mal fraction; e.g., 6% is expressed
as 0.06).

n = number of compounding periods

(usually, years).

Assume that program execution will begin with i entered into the Y-register of the stack
and with PV keyed into the displayed X-register.

After you have written and loaded the program, run it for an initial interest rate ; of
6% (keyed in as .06) and an initial deposit (or present value, PV) of $1000.
(Answer: 1% year, $1060; 2" year, $1123.60; 3" year, $1191.02, etc.)

The program will continue running until you press (or any key) or the HP-97
overflows. You can see how your savings would grow from year to year. Try the
program for different interest rates i and values of PV,

3. Write a program using that will use the factorial function ( (] ) to calculate and
print the factorials of successive integers beginning with the number 1. (Hint: Place 1

in a storage register, recall it, then use storage register arithmetic to increment the number
in the storage register, etc.)
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Define

beginning of

program with ) .
LBL A. Define beginning

of routine with
LBL 4.

Recall

Store PV (i + 1) from R..

in primary storage
register R,.
Recall n from R,.
Bring i into
display by rolling
down stack.

Store quantity 1 Compute (1 + )"
in primary storage
register R;.
Recall
PV from R,.

Add 1 toi. Multiply PV
by (1 + )"

Store (i + 1) Print result (FV).
in primary storage
register R..

Print space.

Add 1tonin
register R,.

Go to LBL 4.
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Conditionals and Conditional Branches

Often there are times when you want a program to make a decision. For example, suppose an
accountant wishes to write a program that will calculate and print the amount of tax to be
paid by a number of persons. For those with incomes of $10,000 per year or under, the amount
of tax is 17.5%. For those with incomes of over $10,000, the tax is 20%. A flow chart for the
program might look like this:

Key in amount
of income.

Is
income over

$10,000?

Compute Compute
20% of income. 17.5% of income.
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The conditional operations on your HP-97 keyboard are useful as program instructions to
allow your calculator to make decisions like the one shown above. The eight conditionals
that are available on your HP-97 are:

[ 1] tests to see if the value in the X-register is unequal to the value in the Y-register.
?) tests to see if the value in the X-register is equal to the value in the Y-register.
tests to see if the value in the X-register is greater than the value in the Y-register.
tests to see if the value in the X-register is less than or equal to the value in the
Y-register.

tests to see if the value in the X-register is unequal to zero.

tests to see if the value in the X-register is equal to zero.

tests to see if the value in the X-register is greater than zero.

tests to see if the value in the X-register is less than zero. i

Each conditional essentially asks a question when it is encountered as an instruction in a
program. If the answer is YES, program execution continues sequentially downward with the
next instruction in program memory. If the answer is NO, the calculator branches around the i
next instruction. For example:

Conditional Test —
Yes

J

b

You can see that after it has made the conditional test, the calculator will do the next instruction i1
if the test is true. This is the “*DO if TRUE'" rule. il

The step immediately following the conditional test can contain any instruction. The most
commonly used instruction, of course, will be a instruction. This will branch program
execution to another section of program memory if the conditional test is true.

Conditional Test [~—1 i
Yes E | |
1' Il !

— @8

instruction e —

instruction

instruction

instruction
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Now let’s look at that accountant’s problem again. For persons with incomes of more than
$10,000 he wants to compute a tax of 20%. For persons with incomes of $10,000 or less,
the tax is 17.5%. The following program will test the amount in the X-register and compute
and print the correct percentage of tax.

To key in the program:
Slide the PRGM-RUN switch prem [[[[Jll run to PRGM.

Press Display

o [000 |

a 001 21 11

[ 002 -14] Prints amount of
income.

G [ 003 -23 | Amount of $10,000

4 [ 004 04 | placed in

ukbs [ 005 -41] Y-register.
If amount of income

B ) [006 16-34 | is greater than '

50 O [007 22 12 $10,000, go to portion
of program defined
by label B.

1 (008 07 ]

7 [ 009 07 ] Tax percentage for

© [ 010 -62 | this portion of pro-

5 [ o011 05 | gram is 17.5.

[012 22 13]

(5] [ 013 21 12 Tax percentage for

2 [ 014 02 | this portion of

0 [ o015 00 | program is 20.

[o16 21 13

[ o017 55 |

[o18 -14 |

RTN [ o019 24 |

:
_%

f
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To run the program to compute taxes on incomes of $15,000 and $7,500:

Slide the PRGM-RUN switch prem lll[[Irun to RUN.

Press Display

15866.68 3%
15000 &3 3000.00 3085.88 ri¥
7500 &3 1312.50 7580.58 ¥k¢

1212.568  x%¥

Another place where you often want a program to make a decision is within a loop. The
loops that you have seen have to this point been infinite loops—that is, once the calculator
begins executing a loop, it remains locked in that loop, executing the same set of instructions
over and over again, forever (or, more practically, until the calculator overflows or you halt

the running program by pressing or any other key).

You can use the decision-making power of the conditional instructions to shift program
execution out of a loop. A conditional instruction can shift execution out of a loop after a
specified number of iterations or when a certain value has been reached within the loop.

Example: As you know, your HP-97 contains a value for e, the base of natural logarithms.
(You can display the calculator’s value for e by pressing 1@ .) The following program uses
the series e = 1/0! + 1/1! + 1/2! + ... + 1/n! to approximate the value for e. After each
iteration through the loop, the latest approximation is printed and compared to the calculator’s
value for e. When the two values are equal, the execution is transferred out of the loop to stop
the program.
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Recall total.

Compute 1/n!

Add 1/n! to total.

Store total.

Print total.

Does
total = e?
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To load the program into the calculator:
Slide the PRGM-RUN switch pram [[[[Jljrun to PRGM.

Press Display

B ceray) (000 ]
(4] [oo1 21 11 ]
1 Loo2 36 01 |
0 [003 36 00 |
|00 004 16 52
Y 005 52

[ 006 -55 |
9 [007 -63 09 |
5 | 008 35 01
(009 -14 |
1 [o10 01 |
gt} [o11 33 |
 REOR [012 16-33 |
7 [013 22 07 |
1 [014 01
stoff + KU (015  35-55 00 |
[GTON A lo16 22 11
N 7 [017 21 07 ]
RTN [o18 24 |

To initialize the program ensure that the primary storage registers are cleared to zero. Then
press ¥ to run the program.

First, slide the PRGM-RUN switch prem M run to RUN.

Press Display
1.8BEEECERE  kkx
2.GOEREERRG  xxx
2.58BBBEEEE  ¥rx
Z.660CE5GET kX
0 (cLre6) (0.00 "] Ensures that storage 2.TERITIZZE  kww
registers are cleared 2. TIE656R57 XXX
to zero initially. 7.TiBESEESS  xkxk
o [2.718281828 ] Z.TIE25IIES Wy
Z.TIBETETTI  xax
2. TIB2BISET  *x%xk
£.7iB2EIBET  w¥xkk
2.7IEZEIE2R  Kwx

You can see that execution continues within the loop until the approximation for e equals the
calculator’s value for e. When the instruction in step 012 is finally true, execution is
transferred out of the loop by the subsequent 7 instruction and halted by the
instruction.
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Problems

1.

Write a program that will calculate the arc sine (that is, sin™") of a value that has been
keyed into the displayed X-register. Test the resulting angle with a conditional, and if it is
negative or zero, add 360 degrees to it to make the angle positive. Use the flowchart below
to help you write the program:

Calculate arc
sine of x.

Is
arc sine
greater than
zero?

Add 360 degrees.
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The program below contains a loop that prints a table of consecutive integers and their
common logarithms. You can specify the lowest integer by storing a number in primary
storage register Ry, but the program will continue printing until you press or any other
key from the keyboard, or until the calculator’s capacity for display is exceeded.

3! «LBLm 2l ]
g&z  DSF2 Fhd oy
e  RCLE Jo ke
Bas INT 16 24

B85 PRTY -14
aas Log T6'32
887  PRTH =14
Bag : B
B3  ST+@ 35-55 B
18 ET0A 2811
o) ETH 24

Using the additional instructions 8, =y, B and (E8 B, you should be able to
modify this program to halt execution when a certain number is reached. As you add these
instructions, assume that the value for the upper limit has been stored in primary storage
register Rg.

When the program is running and the value in register R, becomes greater than the limit
you store in register Ry, program execution should be transferred out of the loop to the
instruction to halt the running program.

Modify the program, key it into the calculator, and initialize the calculator by storing a
lower limit of 1 in register R, and an upper limit of 5 in register Rg. Then run the program.
Your printed copy should look like the one below. Try other upper and lower limits. (The
lower limit must always be greater than zero, and the upper limit should be greater than the
lower limit.)

1.0680RBBEEE  w¥
B.BERAAARAT  w¥x
Z.BERRABELT  xxy
B.381829995  #¥¥
2. BBBEBBEGE. ¥k
B.477121255 4%
4. BERBABAGE v
B. 6828599°1  ¥¥x
5. BRRPPABRES x4y
B.€98976BES - yy¥
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3. Use the flowchart on the opposite page to help you write a program that will allow a
salesman to compute his commissions at the rates of 10% of sales of up to $1000, 12.5%
for sales of $1000 to 5000, and 15% for sales of over $5000. The program should print the
amount of sales and the amount of commission.

Load the program and run it for sales amounts of $500, $1000, $1500, $5000, and $6000.
(Answers:  $50.00, $125.00, $187.50, $625.00, $900.00)
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Key
in sales
amount and
start.

Print sales amount.

Sales
< $10007?

Sales
< $50007

Calculate Calculate Calculate
10% of sales. 12.5% of sales. 15% of sales.

Print percentage.







(< {4 1 £ | Y|

L

Section 9

Interrupting Your Program

Using €3

As you know, the (run/stop) function can be used either as an instruction in a program
or pressed from the keyboard.

When pressed from the keyboard:
1. If a program is running, stops the program.

2. If a program is stopped or not running, and the calculator is in RUN mode, starts
the program running beginning with the current location in program memory.

When executed as an instruction during a running program, stops program execution
after its step of program memory. If G is then pressed from the keyboard, execution begins
with the current step of program memory. (When is pressed, it displays the step number
and keycode of that current step—when released, execution begins with that step.)

You can use these features of the instruction to stop a running program at points where
you want to key in data. After the data has been keyed in, restart the program using the GIE
key from the keyboard.

Example: The following program lets you key in a percentage discount and calculates the
cumulative cost of various quantities of differently priced items from which the discount has
been subtracted. instructions are inserted in the program to allow you to key in data at
various points.

Slide the PRGM-RUN switch prem [[[[Jill rRun to PRGM.

Press Display

0 Eipecd (Looo ]

Lo i B Loo1 21 16 11]

0 Ces [ 002 16-53 |

s1o QU [ 003 35 00 | Store discount percentage in R,.
s 9 004 21 09]

R/S [ 005 51 | Stop tokey in quantity.

[ aos -21]

[Loo07 51 | Stop to key in price.

[x] [L0os -35 |

8 0 (o009 36 00 ]

Lo10 55 |

=] 011 -45 |

1 012 35-55 01 ] Add to running total in R,.

1 013 36 01 ] Recall running total for display.
9

RTN Lo1s 24 |

169
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Now run the program to calculate the cumulative total of the following purchases at a discount
of 15%:

Quantity Price of Each
5 $ 7.35
7 $12.99
14 $14.95

Then run the program to calculate the cumulative total of the following purchases at a discount
of 25%:

Quantity Price of Each
7 $ 4.99
12 $ 1.88
37 $ 8.50

In order to calculate the cumulative total for each percentage of discount, merely key in the
percentage value and press [[ll(2). When the calculator stops executing the first time, key in the
quantity of an item and press from the keyboard to resume execution.

When the program stops a second time, key in the price of that item and again press to
resume program execution from that point. ‘

To run the program:

Slide the PRGM-RUN switch prem M run to RUN.

Press Display
15 [15. | Key in percentage
of discount.
nGE [15.00 ]
5 [5.00 | The first quantity.
7.35 [31.24 ] Running total.
7 [7.00 |
12.99 [108.53 ] Running total.
14 [14.00 ]
14.95 [286.43 | Cumulative cost for
items at 15% discount.
25 [ 25. | Percentage of discount.
L 1B)] [25.00 ]

7 [7.00 | The first quantity.
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Interrupting Your Program 171
Press Display
4.99 Running total.
12 (1200 |
1.88 Running total.

37 (azoo ]
8.50 Cumulative cost for items at 25% discount.

If you have a number of halts for data entries like the ones shown here, it may be helpful to
“‘identify’” each step by recording a familiar number into the program immediately before
each instruction. When the calculator then stops execution because of the instruc-
tion, you can look at the displayed X-register to see the *“‘identification number’’ for the
required data input at that point. For example, if your program contained eight stops for data
inputs, it might be helpful to have the numbers 1 through 8 appear so that you would know
which input was required each time. (Don’t forget that the “‘identification number’” will be
pushed up into the Y-register of the stack when you key in a new number.)

Using Pause

Pausing to View Output

You now know two instructions that will slow or halt a running program for data output—
and 8. can print the value contained in the X-register at any point in the
program, while stops a running program and allows you to view results in the display.

Another instruction that can be used to slow a running program for data input or to view

output is the [PAUSE ] instruction. An [} (PAUSE] instruction executed in a program momentarily
interrupts program execution. The length of the pause is about one second, although more

instructions in subsequent steps of program memory can be used to lengthen viewing
time, if desired.

You can use [ (PAUSE] in a program to monitor the operation of the program without printing
every result.

Example: The following program calculates an approximate value for pi according to the
. _ 6 6 6 6
equation —JT + 5 + 3% + e

. . 6 N
After each iteration of —; , the calculator pauses to show the latest approximation and then
n

compares it to the calculator’s internal value for pi. When the approximation and the calcu-
lator’s value for pi are equal, execution is transferred out of the loop and the approximated
value for pi is printed, along with the number of iterations it took for the value to approximate
.
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Note: In this program, the 1 and instructions are used to round both pi
and its approximation to one decimal place so that the approximation converges
quickly.

To key in the program:

Slide the PRGM-RUN switch prem [l run to PRGM.

Press Display

L4 000

(A 001 21 11

[ 1 ] 002 16-53

FIX 003 =11

1 004 -63 01

1 [005 21 01

1 [ 006 o1

2 [007  35-55 02 ] Iteration number
maintained in R,.

1 [ 008 36 01 ]

2 [ 009 36 02 |

[ 1] [o10 16 51 ] Pause to display
iteration number.

[ x?] 011 53 |

012 52 |

6 L0713 06 | Approximation for pi

= Lo14 -35 ] Iculated

(015 -55 | “ ' Iterative loop

1 [o16 35 01 ]

017 54

[ 1] o018 16 24 |  Approximation
rounded to one
decimal place.

[ 1 ] Lo19 16 51 |  Pause to display
approximation.

[ 1] [ 020 16-24 | ) Calculator’s value for

[ 1] [ 021 16 24 | ¢ pi summoned, round-

(1] [ 022 16 51 | ) ed, and displayed.

[ 1] 023 16-32 || If values are not equal,

1 024 22 01 |) goto (&M (3.

(o025 -41 ]

[ 026 -14 ]  Print approximation
for pi.

2 027 36 02 |

028 -14]  Print number of loop
iterations.

RTN 029 24
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To run the program:
Slide the PRGM-RUN switch prem [ll[[Jrun to RUN.
Press Display
Sreine Ty
0 [11.0 ] L

You can see that during each iteration through the loop, the calculator pauses to display the
iteration number, the latest approximation of pi, and the calculator’s value for pi. You can
actually watch the approximation converge to the actual value. When the approximation and
the calculator’s value for pi (to one decimal place) are no longer unequal, execution is trans-
ferred out of the loop and the approximation and the number of iterations are printed.

If you wish, you can change the 1 instruction in step 004 to a 2 instruction and run
the program again to see how many iterations it takes for the series to converge to two decimal
places. (This program will take several minutes to run.)

Pausing for Input

When the calculator executes a instruction, program execution actually halts for the
period of time (about one second) of the pause. You can use a pause like this to key data
into or perform functions from the keyboard in a program, instead of using a instruction
to stop the running program completely.

When you press any key during the one-second ‘‘window’’ while the calculator is executing
a instruction, that key actually operates, and you have an additional one second of
time to view the result or to press another key. If you press yet another key during the sub-
sequent one second, the calculator will perform that operation and pause for another second.

If you press a function key during a pause, the function key operates upon the number con-
tained in the X-register at the time. The result of the function is then seen in the display for
about one second. Any function key that is programmable can also be operated from the key-

board during a [PaUSE J.

If you press a digit key, or a series of digit keys, during a pause, the number appears in the
display for the length of a pause (about one second) after you key in the number. (If a number
has been input from the program immediately before the pause, that number is first terminated
by the instruction.) The number that you key in is terminated at the end of the pause.
Any subsequent digits in a program will then be part of a new number.

When a instruction has completed execution, the program continues to be executed
sequentially. If you have performed a function, or keyed in a number, program execution
begins with the next instruction using the number that is in the displayed X-register at the end
of the pause. (You can also read a magnetic card during a [Pause ). More about this in section
14, Card Reader Operations.)

|ttt € gttt

M




174 Interrupting Your Proarar

Number termination occurs at the end of each [FAUSE ], so you should not attempt to key in a
number during more than one subsequent pause. Since you have about one second after your
last keystroke to continue keying in digits or functions, you don’t need more than one
instruction to key in even a very long number.

Example: The following program calculates the average value of any number of values. Each
new value is keyed in during the pause, and the value of the average is then updated and
printed. If no new number is keyed in, no new value is printed.

To key in the program:
Slide the PRGM-RUN switch prawm [l run to PRGM.

Press Display

o [000 |

LBL n 1;0017 21 11

[+ ] [ 002 16-53 |} Clears secondary

72 [003 76-51]) storage registers.

1 004 21 01

CLx 005 =57

Fe] [ 006 16 51| Pause for input.

0 =02 Iﬂz 16-43|) If no input, go to

1 | 008 22 01_|) 1.

I PRINT: (Srace] [ 009 16-11 |

[ 070 -14]| Otherwise, print

[ 011 56 input, and calculate

[¢] (012 16 53 || and print new average.

fors -1

1 [014 22 01] Then go to W 1
again.

‘ 015 24 ]

Now run the program to find the average of 1, 2, and 3; of 157, 839, 735, 422, and 12.1.
Slide the PRGM-RUN switch pram [l[[I[]run to RUN.

Press Display
(] [0.00 |

The program is now running. Each time the display pauses and shows 0.00, you can key in a
value and it will be averaged with previous values in the calculator. If you key in no value at
the pause, no new average will be computed and printed. To stop the program and start it for
a new set of data, press (or any key).
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Press Display

1.8 %%y
1.68 %

288 wkx
1:59. 338

1 P
2 0.00 Average of 1 and 2. E- EE_’ ek
3 Averageof 1,2, and 3.— . e 2ol XRN
Stops the program.

15760 %y
(4 ] Starts the program 157,66 1k

again.

157 879,62 ¥
839 495,08 ¥xv
735 .
2 735.08 wtx |
12.1 Latest average. STT.68  xax ‘
R/S Stops the program.

422,89 ¥
SIE.ZE xax

12.18 ¥x¥
433,82 ¥

You can see that it is easy to key in a number of any length during the execution of a
instruction.
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Section 10
Subroutines

Often, a program contains a certain series of instructions that are executed several times
throughout the program. When the same set of instructions occurs more than once in a
program, it can be executed as a subroutine. A subroutine is selected by the (go to
subroutine) operation, followed by a label address ( § through @, @ (2] through §B (e,
and [0) through (8)). You can also select a subroutine with {@—more about [{) later.

A instruction transfers execution to the routine specified by the label address, just like
a [ instruction. However, after a instruction has been executed, when the running
program then executes a (return), execution is transferred back to the next instruction
after the (). Execution then continues sequentially downward through program memory.
The illustration below should make the distinction between and more clear.

Branch Subroutine
(a] /{ =m@a o p o
T / | I
, .
\ _ ¥ ;
o | Gso] &)
T I ‘
. ' |
! \
Y ! WY
RTN RTN RTN ‘ RTH
Execution Execution
stops here. stops here.

In the illustration on the left if you pressed [§ from the keyboard, the program would execute
instructions sequentially downward through program memory. If it encountered a e
instruction, it would then search for the next [ and continue execution from there,
until it encountered a GELJ. When it executed the instruction, execution would stop.

However, if the running program encounters a B3 (go to subroutine B) instruction,
as shown on the right, it searches downward for the next B and resumes execution.
When it encounters a (return), program execution is once again transferred, this time
back to the point of origin of the subroutine, and execution resumes with the next instruction

after the B
177
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As you can see, the only difference between a subroutine and a normal branch is the transfer
of execution after the Gifl}. After a [, the next halts a running program; after a
EER, the next returns execution back to the main program, where it continues until
another (or a GIA) is encountered. The same routine may be executed by and
&3 any number of times in a program.

Example: A quadratic equation is of the form ax? + bx + c. Its two roots may be found
— vp2 — —h — \VBhE — g
by the formulas r;, = b+ 2b dac and r, = b \2/b 4ac . Notice the
a a

similarity between the solutions for r, and r,. The program below permits you to key the
values for @, b, and ¢ beneath user-definable keys £Y, 3, and [3; the resultant roots r,

and ry are available by pressing B3 and [@. Were you to record this program on a magnetic
card, the card might look like this:

.. (uadvatic Roots .
E’j_]"ﬂ""' .I"Pﬂ_*'_.j"‘é""' L s ’

Here is a complete program for calculating the two roots of a quadratic equation:

Input a Input b Input ¢

HBL. xtBhy . - 21 8 Bt xLBLE - 51 s pe= W BB C7 18
Bt 5501 5 3E Y 885 - 5702 S5HE pas - ST0s. 25 B3

eaz RTH 24 Béc RTH 24 ggo RTH 24
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3
L
=
L
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B
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Calculate r, Calculate r,
Bié¢ =LBLD seoel o 22 xLBLE 2115
N REL2 & ez [Th28 . RCL2 36 62
g1z CHE see (KA CHE RS
vig  RCL2 25 82 121 RCLZ 6 €2
B14 e 53 These sections =4 X% 53
BiS5 . RGLI I B! of program pIZ  RCLY 3¢ @1
g1 RCL3 3t B2 |<— memory are—>| B34 RCLZ SE BE
Biz ¥ T identical. i % -75
g1z 4 G4 B3z 4 &4
giz X e T X =25
28 = =45 122 . -45
21 Vi 54 | | @32 v o4
e + =ED g4e = =
22 RCLI 25 &l g4: P B2
Bz4 v gz B4z RCLI o5 Al
325 X s B4z E o
25 = -4 pa4 = =24
g RTH 24 B4 RTH 24

Since the routine for calculating r, contains a large section of program memory that is
identical to a large section in the routine for calculating r,, you can simply create a subroutine
that will execute this section of instructions. The subroutine is then called up and executed
in both the solution for r, and the solution for r,.
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This illustrates how the subroutine is used in the program.

Bes RTN 2 B2 xLBLE zi BE
@67 sLELC 21 {2 Y 827 RCL2 3 B2
geg. - 5702 I5 B3 -/ ga2 CHE q—--._-'-._;
gez RTH 24 - / 29 RCLZ 5. 82
: 21 1 - / T e3
gl ¢LELD elil - y 26 . .
Blf ~ LSBE 272 88 - y, B:i ngi-i 93 ii!_
g1z + -55‘- N / LORy RCLS ] E-:
iz RELS 38 B1 ~ / s X -35
14 2 ez L/ B34 4 &4
15 2 -3% ! s -35
S 24 /2 kL - -45
.!E < —— / . ..—'; .
;i RTH 24 / . BZ7 ﬁ,‘ ?f
182 =xLBLE 178 / ~——a B3E ETN 23
AL H. 3 = / [
pi2  Esee 23 88 — ——
22 - -45
gl RCL I& 81
122 2 B
I X L
B24 e -24
Foes] RTH 4

With the modified program, when you press B} execution begins with the [ instruction
in step 010. When the 8 instruction in step 011 is encountered, execution transfers to
8 in step 026 and computes the quantities —b and Vb? — 4ac, placing them in the
X- and Y-registers of the stack, ready for addition or subtraction. When the instruction
in step 038 is encountered, execution transfers back to the main routine and continues with
the instruction in step 012. Thus the root r, is computed and displayed, and the routine
stops with the in step 017.

When you press [@, execution begins with 3. transfers out to execute the 8
subroutine, and returns. This time Vb? — 4ac is subtracted from —b, and root r, is computed.
By using a subroutine, seven steps of program memory are saved!
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To key in the program and the subroutine:

Slide the PRGM-RUN switch pram [l run to PRGM.

Press

0 CLercd

3 0

wliciofow
=1 1 B
CErgzjo
Y@ -

x
4
z

7]
=
o

.
@
“ @

T

oo -geggg
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—_ o0

o
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2

e
3
@

w
m
o0

[y

RCL

gEgec-ge
rarlz
o0

(o] B
I
w

L[]

|

1"““8@@&@
Tar r
—

0
e
z

Display
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Stores a in R;.
Stores b in R,.
Stores ¢ in Rj.
_ —b + VBT —4dac
% Calculates r; = .
2a
—h — T
> Calculates ry = b \é/m
a

Subroutine places —b in Y-register and Vb*—4ac
in X-register, ready for addition or subtraction.
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To initialize the program, you key in a and press ¥, key in b and press ), and key in
¢ and press [@. Then, to find root r,, press B3. To find root r,, press &.

Run the program now to find the roots of the equationx* +x — 6 =0;0f 3x* +2x — 1 =0.
To run the program:

Slide the PRGM-RUN switch pram [l run to RUN.

Press Display

10 1.00

1a 1.00

6

(D] Calculates the first
root, ry.

e Calculates the second
root, ry.

30

2@

1

(D] Calculates r,.

g Calculates r».

If the quantity b* — 4ac is a negative number, the calculator will display and

the running program will stop. For a more efficient and accurate method of finding the roots
of a quadratic equation, see the Polynomial Evaluation program in your HP-97 Standard Pac.

Note: When loading instructions into the calculator in PRGM mode, you can load a
G @A through@ or B3 B3 through E8 (€] by simply pressing the ap-
propriate user-definable key(s). For example, to load the instruction B you
can simply press [3; the keycode for 3 B3, 23 11, will appear in the display.
For clarity and ease of reference, however, in this handbook the complete key-
stroke sequence is always shown.

Routine-Subroutine Usage

Subroutines give you extreme versatility in programming. A subroutine can contain a loop,
or it can be executed as part of a loop. Another common and space-saving trick is to use
the same routine both as a subroutine and as part of the main program.
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Subroutines 183

Example: The program below simulates the throwing
of a pair of dice, printing first the value of one die (an
integer from one to six) and then that of the second die
(another integer from one to six). The ‘‘heart’’ of the
program is a random number generator (actually a
pseudo random number generator) that is executed first
as a subroutine and then as part of the main program.
When you key in a first number (called a *‘seed’’), and
press B3, the digit for the first die is generated and
printed using the @ routine as a subroutine. Then the
digit for the second die is generated using the same
routine as part of the main program.

i
X
!
¥
i
i
%
§
i

To key in the program:

Slide the PRGM-RUN switch pram [[[[Illl run to PRGM.

Press Display

0 el

(4] 001 21 11

0 002 35 00

€ PRINT:(SPACE] [o003  16-11 |

€ ] 004 23 15 3 executed first as
subroutine.

(€]

0 006 36 00 ]

9

9

7

it

0 012 35 00 3 then executed as a

6 013 06 ( routine.

014 -35

1 1 01

016 -55

)

0
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Now slide the PRGM-RUN switch to RUN and *‘roll’’ the dice with your HP-97. To roll the
dice, key in a decimal ‘*seed’’ (that is, 0 < n < 1). Then press [§. The calculator will
print the number rolled by the first die, then the number rolled by the second. To make another
roll, key in a new seed and press [} again.

You can play a game with your friends using the *‘dice.”” If your first “‘roll’’ is 7 or 11, you
win. If it is another number, that number becomes your *‘point.”” You then keep ‘‘rolling’’
(keying in seeds and pressing [§) until the dice again total your point (you win) or you roll
a7 or an 11 (you lose). To run the program:

Slide the PRGM-RUN switch prem [l[[[Irun to RUN.

Press
2315478 3 Your point is 10, ————— :’: 5 :::
3335897 3 You missed your point, ———= f :::
19987562 O Missed it again. ————| 9+  ¥#&
3. ¥¥¥
. = - -
.9987563 3 angratulatlons! You o iy
win. B, Kid
Now try it again.
Press
21387963 B Your point is 4. -——-{ £ ;‘::

6658975 3 Whoops! You lose. —I-{ %‘- ¥
i.  FXE
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Subroutine Limits

A subroutine can call up another subroutine, and that subroutine can call up yet another.
Subroutine branching is limited only by the number of returns that can be held pending by the
HP-97. Three subroutine returns can be held pending at any one time in the HP-97. The
diagram below should make this more clear.

Three returns can be pending.

Main Program
(1} 4 @ y ® | ®
| J_fi : / % /
T / i / /
¥ |/ | =™ |
@V . r
o (2 / T \ [
\ \ ‘ | [
\ [ \
\ Y \
\j RTN \ RTN RTN

The calculator can return back to the main program from subroutines that are three deep, as
shown. However, if you attempt to call up subroutines that are four deep, the calculator will
execute only three returns:

Only three returns can be pending...

Main Program

A 4 6 4 B) 4 B 4 @
L/ 1/
T / [ ¥ /
¥ / = / @ Vv
&an |/ ' / h ) (@)
/ \ h
e
I \ \
RTN RTN \ RTN \\ RTN

L ... 50 execution will stop here.




Naturally, the calculator can execute the instruction as a stop any number of times. Also,
if you press 3 through @, g & through {3 (&), or GEB B through @, B3 @ (&) through
3 (=], or B3 (0] through (9] from the keyboard, all pending instructions are forgotten
by the calculator.

If you are executing a program one step at a time with the key and encounter a (€3
instruction, the calculator will execute the entire subroutine before continuing to the next
step. However, only one instruction may be executed as the result of a [EE3 instruction
during single-step execution; so if a program contains a subroutine within a subroutine,
execution will not return to the main program during execution.

Problems

1. Look closely at the program for finding roots r, and r, of a quadratic equation (page 181).
Can you see other instructions that could be replaced by a subroutine? (Hint: Look at
steps 013 through 016 and steps 021 through 024.) Modify the program by using another
subroutine and run it to find the roots of x* + x = 6 = 0; of 3x* + 2x — 1 = 0.

Answers: 2, —3;0.33, —1.
How many more steps of program memory did you save?

2. The area of a sphere can be calculated according to the equation 4 = 4 r®, where r
4r®

is the radius. The formula for finding the volume of a sphere is V' = 3

X
also be expressed as V = r x4 .

. This may

Create and load a program to calculate the areaA of a sphere given its radius r. Define the
program with 8 €3 and and include an initialization routine to store the value of the
radius. Then create and load a second program to calculate the volume V' of a sphere, using

) X i . . .
the equation V = = 3 4 Define this second program with B and G, and in-

clude the instruction [ (1) to use a portion of program A as a subroutine calculating area.

Run the two programs to find the area and volume of the planet earth, a sphere with a
radius of about 3963 miles. Of the earth’s moon, a sphere with a radius of about 1080
miles.

Answers: Earth area = 197359487.5 square miles
Earth volume = 2.6071188 X 10" cubic miles
Moon area = 14657414.69 square miles
Moon volume = 5276669290 cubic miles.
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3. Create, load, and run a program that will print all permutations of three integers that
you have stored in registers Ry, Ry, and Ry. For example, all permutations of the integers
1, 2, and 3 might be printed as:

123
132
213
231
312
321

The following subroutine will cause the digits you recall from R;, R, and R; to be printed
as a permutation in the order you have recalled them. Use this subroutine and the flowchart
on the following page to help you create and load the program.

g7 ¥LEL! £l hl

gze i 1

ok & ae

128 é &8¢

£33 x s This subroutine prints
3z ARy -3 numbers recalled into
823 : al the Z-, Y-, and X-
24 & el registers of the stack as
635 % T ann.

EZ E1? 1531

837 + =5

B3 + £hy

s PRIX —14

B4 FTH 24

The program should recall the contents of storage registers Ry, Ry, and Ry into the Z-, Y-,
and X-registers of the stack and then use the ““print nnn’’ subroutine to print them in the
order that they are recalled.
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Recall
R, R; R,.

Print nnn.

Recall
R. R, R,.

Recall
R: R; R,.

Print nnn.

Recall
R; R, R,

Print nnn.

Recall
R; R; R..
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When you have created and loaded the program, store the digits 5, 7, and 9 into storage
registers Ry, Ry, and Ry, respectively. Then run the program to show all the permutations of

these three numbers.

Answer:

579
795
957
597
759
975
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Section 11

Controlling the I-Register

The I-register is one of the most powerful programming tools available to you on your
HP-97. In a preceding section, Storing and Recalling Numbers, you learned about the use of
the I-register as a simple storage register, similar to registers R, through Ry, R, through R,
and Rg, through Rgy. And of course, you can always use the I-register this way, as another
storage register, whether you are using it as an instruction in a program or operating manually
from the keyboard.

But the I-register is much more powerful than a mere storage register. Using the instructions
6. @, and in conjunction with other instructions, you can specify the storage register
addresses of and 88, the label addresses of and [, or the number of digits
displayed by a instruction. By storing a negative number in the [-register, you can even
transfer execution to any step number of program memory. The and instructions
allow you to increment (add one to) or decrement (subtract one from) the current value in I
(or, using (@, to increment or decrement any storage register). This is a feature that you will
find extremely useful in controlling loops.

Storing a Number in I

To store a number in the I-register, you can use the 3 operation. For example, to store
the number 7 in the I-register:

Ensure that the PRGM-RUN switch prem [l Run is set to RUN.

Press Display

‘B0 0

To recall a number from the I-register into the displayed X-register, you do not have to use
the operation—you merely press £ .

Press Display
& 7.00 The number stored in

I is recalled.

41Q1
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Exchanging x and 1

In a manner similar to the and operations, the {3 operation exchanges the [
contents of the displayed X-register with those of the I-register. For example, key the number
2 into the displayed X-register and exchange the contents of the X-register with those of the

[-register now:

Press Display

2 2

¢ ] 7.00 Contents of X-register
and I-register
exchanged.

When you pressed (331, the contents of the stack and the I-register were changed...

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

T 000 | T [0.00

Z 000 Z 0.00

Y 7.00 Y 700

X (200 | Display X [7.00 Display

N\

[7.00 |1 (200 ] 1

To restore the X-register and I-register contents to their original positions:

Press Display

0D

Incrementing and Decrementing the I-Register

You have seen how a number can be stored in the I-register and then changed, either by storing
another number there, or by using the E§ operation. You will find both of these methods
useful, whether you are utilizing them as instructions in a program or using them manually
from the keyboard.

Another way of altering the contents of the I-register, and one that is most useful during a
program, is by means of the £ B8 (increment, skip if zero) and £ B (decrement,
skip if zero) instructions. These instructions either add the number 1 to (increment) or subtract
the number 1 from (decrement) the I-register each time they are executed. In a running
program, if the number in the I-register has become zero, program execution skips the next
step after the 8 or BB instruction and continues execution (just like a false con-
ditional instruction).
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The 3 and {3 instructions always increment or decrement first; then the test for

zero is made. For test purposes, numbers between but not including -1 and +1 are the same
as zero.

Example: Here is a program that illustrates how 3 B8 works. It contains a loop that
pauses to display the current value in the I-register, then uses the [J B instruction to
increment that value. The program will continue to run, continually adding one to and dis-
playing the contents of the I-register, until you press (or any key) from the keyboard.

To key in the program:

Slide the PRGM-RUN switch erem [l run to PRGM.

Press Display
[CLPRGM [ ooo ]

LBL JA] [ 001 21 11

1] [ 002 36 46 | Recalls I-register
contents.

B (PAUsE | 003 16 51 | Pauses to display
contents.

e (1] [ 004 16 26 46] Adds 1 to I-register.

[ 005 22 11 | If contents of I-register

are not zero, execution
transfers back to

0. E
006 01 | If contents of I-register

are zero, 1 is placed in
I-register.

it

stoff 1} [ 007 35 46 |
(4] [ 008 22 11
[ 009 24 |

Now run the program beginning with a value of 0 in the I-register. Stop the program after
five iterations or so by pressing .
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Slide the PRGM-RUN switch prem [ll[M~un to RUN.

Press Display

0 1] 0.00 Zero stored in
I-register.

A

1.00
2.00

R/S

i

Although the 8 and BB instructions increment and decrement the I-register by 1,
the value of the I-register need not be a whole number. For example:

Press Display
5.28
o
-3.28
-1.28
RS

In practice, you will find that you will usually use B and E8 with numbers that
are integers, since these instructions are most useful as counters—that is, to control the number
of iterations of a loop—and to select storage registers, subroutines, or display settings.
(More about using the I-register as a selection register later.)

The (decrement, skip if zero) instruction operates in the same manner as the increment
instruction, except that it subtracts, rather than adds, one each time it is used. When a running
program executes an E instruction, for example, it subtracts | from the contents of
the I-register, then tests to see if the I-register is 0. (A number between +1 and -1 tests
as zero.) If the number in the I-register is greater than zero, execution continues with the next
step of program memory. If the number in the I-register is zero, the calculator skips one step
of program memory before resuming execution.
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Example: The island of Manhattan was sold in the
year 1624 for $24.00. The program below shows how
the amount would have grown each year if the original
amount had been placed in a bank account drawing
5% interest compounded annually. The number of
years for which you want to see the amount is stored
in the I-register, then the 3 instruction is used to

keep track of the number of iterations through the
loop.

Were you to prepare a magnetic card to store this program, it might look like this:

¢ Manhattan Valve >
& _No.of\fre_ Yy +] - . i

To key in the program:
Slide the PRGM-RUN switch prem [[[IMlRUN to PRGM.

Press Display

1] [ 000

o [ 001 21 11

a8 [ 002 35 46 |

1 [ 003 01 | |
6 [ 004 06 |
2 (005 02 |

4 [ 006 04 | r Initialization routine.

1 007 35 01

2 008 02

& 009 04

2

RTN 011 24 |)
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Press Display

e 012 2112

2 013 36 02 |

5 014 05 | .

LO1‘5 55J Counting loop,

’ ]j5—02_| contr‘olled by

1 o1z 07 | I-register and

1 018 3555 01| | @28

D=0 [019 16 25 46

(6 | [020 2212

@ PRINT: (SPace] [ o021 16-11 | <=When value in |

1 [022 3¢ 3@ becomes zero, execu-
[osp) 0 023 ~ -63 00| tion skips to here,
024  -14]  and year and amount
2 025 36 02 are printed.

2 [ 026 -63 02 |

(027 -14]

(RTN] [028 24 |

To run the program, key in the number of years for which you want to see the amount. Press
@ to store the number of years in the I-register and otherwise initialize the program. Then
press B to run the program.

For example, to run the program to find the amount of the account after 5 years; after 15 years:

Slide the PRGM-RUN switch pram [T Run to RUN.

Press Display
503 24.00 Program initialized.
5] [ 30.63 |. After five years, in
1629, the account Tk X
would have been 2 E-—; « | EAR
worth $30.63. 30.€3  xax
150 [ 24.00 "] Program initialized. 1539, i3
a [ 49.89 | After 15 years, in 49,89 sy

1639, the account

would have been
worth $49.89.
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How it works: When you key in the number of years and initialize the program by pressing
B, the number of years is stored in the I-register by the BB instruction. The year (1624)
is stored in primary storage register R;, and the amount ($24.00) is stored in primary storage
register R,.

When you then press [, calculation begins. Each time through the loop, 5% of the amount is
computed and added to the amount in R, and one (1) year is added to the year in R,. The
£5z) @ instruction subtracts one from the L-register; if the value in I is not then zero, execution
is transferred back to B and the loop is executed again.

The loop continues to be executed until the value in the I-register becomes zero. Then execu-
tion skips to the [ PRINT: instruction in program memory step 021. Execution con-
tinues sequentially downward from step 021, recalling the current year from R, and formatting
and printing it, then recalling the current amount from R, and formatting and printing that
underneath the year.

To see what the amount in the account would be in 1976, you can key in the number of years
from 1624 to 1976 (the number is 352) and initialize and run the program. (This will take
4-5 minutes to run, plenty of time to go get a cup of coffee.)

Problems

1. When you press [, the program below stores in primary storage register Ry a number
that you have keyed in, then decrements the value in R, using storage register arithmetic.
Each time through the loop, the program pauses to show the current value in Ry. When the
value in Ry reaches zero, the program stops. Write, load, and run a program that uses the

I-register and [ ) instead of Ry and [ to give the same results.

BBEi  #iELA £l
gz -S1p2 3> 53
BaZ  #LEL] 2{ 84
B4 FEs 16 =1
BEZ 1 &l
BEE. - RT3 neghoD RS
@82 RCLE 3t 8%
pec  M£R7 15-42
BEc ool 2z al
g1e FTH 4
g1 Ers 3l
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2. Write and load a program using B to illustrate how an initial deposit of $1000
would grow year-by-year at a yearly compound interest rate of 5.5%. The program should
print the current year and subsequent years, together with the value of the account for each
year. The program should contain an infinite loop that you can stop by pressing from
the keyboard whenever you wish. Run the program to print the year and amount for at
least 5 years.

3. Write, load, and run a program that will count from zero up to a limit using the (1]
instruction, and then count back down to zero using the EB instruction. The program
can contain two loops, and it can contain a conditional instruction besides the 8 and
E3 instructions. Use the flowchart on the opposite page to help you.
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Store limit.

Recall I.

Pause to
display I.

Increment [.

Recall I.

Pause to
display I.

Decrement I.

Recall I.
Pause to
display I.
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Section 12

Using the I-Register for Indirect Control

You have seen how the value in the I-register can be altered using the ), ,(52) @ and.
BB operations. But the value contained in the I-register can also be used to control other
operations. The [@ (indirect) function combined with certain other functions allows you to
control those functions using the current number in the I-register. [ uses the number stored
in the I-register as an address.

The indirect operations that can be controlled by the I-register are:

(@, when the number in the I-register is 0 through 9, changes display formatting so that
the number in the display contains the number of decimal places specified by the current
number in the I-register.

(@, when the number in the I-register is 0 through 25, stores the value that is in the
display in the primary or secondary storage register addressed by the current number in the
I-register.

(@, when the number in the I-register is 0 through 25, recalls the contents of the primary
or secondary storage register addressed by the current number in the I-register.

@m, 8 @, B8 @, and & [@, when the number in the I-register is 0
through 25, perform storage register arithmetic upon the contents of the primary or secondary
storage register addressed by the current number in the I-register.

(@, when the number in the I-register is 0 through 25, increments (adds 1 to) the contents
of the primary or secondary storage register addressed by the current number in the I-register.
In a running program, one step is skipped if the contents of the addressed register are then
zero.

[@, when the number in the I-register is 0 through 25, decrements (subtracts 1 from) the
contents of the primary or secondary storage register addressed by the current number in the
[-register. In a running program, one step is skipped if the contents of the addressed register
are then zero. | ' '

@, when the number in the I-register is 0 or a positive 1 through 19, transfers execution
of a running program sequentially downward through program memory to the next label
specified by the current number in the I-register.

@, when the number in the I-register is a negative number between —1 and -999,
transfers execution of a running program back in program memory the number of steps
specified by the current negative number in the I-register.

M. when the number in the I-register is 0 through 19, transfers execution of a running
program to the subroutine specified by the current number in the I-register. Like a normal
subroutine, when a is then encountered, execution transfers forward and continues with
the step following the instruction.

201
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(53 [@. when the number in the I-register is a negative number between -1 and -999, trans-
fers execution of a running program back in program memory the number of steps specified by
the current negative number in the I-register. Operation is then like a normal subroutine.

If the number in the I-register is outside the specified limits when the calculator attempts to
execute one of these operations, the display will show [Error |- When using the (@
function, the calculator uses for an address only the integer portion of the number currently
stored in the I-register. Thus, 25.99998785 stored in the I-register retains its full value there,
but when used as address [, it is read as 25 by the calculator.

In all cases using the [{) (indirect) function, the HP-97 looks at only the integer
portion of the current number stored in the I-register.

You can already see that using the I-register and the [@ function in conjunction with these
other functions gives you a tremendous amount of computing power and exceptional pro-
gramming control. Now let’s have a closer look at these operations.

Indirect Display Control

You can use the current number in the I-register in conjunction with the key to control
the number of decimal places to which a number is displayed and printed. When @m is
performed, the display is seen rounded to the number of decimal places specified by the
current value contained in the I-register. (The display is seen rounded, but of course, the
calculator maintains its full accuracy, 10 digits multiplied by 10 raised to a two-digit exponent,
internally.) The number in the I-register can be any value, positive or negative, from 0 through
9. The (@ operation is most useful as part of a program, but it can also be executed
manually from the keyboard. For example:

Slide the PRGM-RUN switch pram [l run to RUN.

Press Display

o1 B T —

CLX m Normal FIX 2
display.

@ Cooogop ] FIX S display
specified because of
the number 5 that is
stored in the I-register.

9 (1] 9.00 |
@m (9.000000000 ] FIX 9 display selected

by the number in the
[-register.
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Thus, by controlling the number in the I-register, you can control many different display
options with very few instructions in a program.

Example: The following program prints an example of each display format that is available
on your HP-97. It utilizes a subroutine loop containing the I and @ instructions
to automatically change the number of decimal places printed.

To key in the program:

Slide the PRGM-RUN switch pram [[[[Jilj run to PRGM.

Press Display

B Ecrram) 000

LB -

= L oot 21 11] } Initializes program.

[ 002 -51]

[ 003 —127} Tlustrates scientific

o [ 004 23 12 |) notation.

ENG [ oos -13 } Illustrates engineering

(Gsalfs ] [ oo 23 12] ) notation.

FIX [ 007 -11]  Specifies fixed point
notation.

(5] [oo8 21 12|

9 [ 009 09 | } Initializes I-register

sTON 1] | 010 35 46| t09.

0 [o11 21 00 | )

(1] [ o012 36 46 |

@ [ 013 -63 45 | Setsdisplayed decimal Decre-
places to current value \ menting Subrou-
in I-register. loop. tine B

014 -14]

[ ] o 015 16 25 46

0 016 22 00|

o [o17 36 46 |

@ 018 -63 45

[o19 -14

RTN (020 24 | )
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To run the program and see the types of display formatting available on your HP-97:

Slide the PRGM-RUN switch pram [llI[Jrun to RUN.

Press Display

(]
2, 000BERBBE+EZ  dx¥y
£.00BREERBHEE  ixy
T.PEERERG+ARE  ¥xxk
6. B0BBBA+EE  xi%
5. PBERB+EE sy
4.0B6086B+E58 xi¥
Z.B80B+8E8  wix
2.88+88 xxx
1.84E8 - *¥¥k
B.+88  Ex#
2. BOBRBRLRGEE A%y
2.00P88EBE+ER  ¥ix
7.BBBARREIET  wEk
t.B00806+66  kxkx
S.0888B+EG  %¥¥
4.0B8B+66 ¥xix¥
3.08868+68  kxx
2.88+50 ¥ky
1.6+68  %x¥
B.+B6  $x¥
©,PeReBAALE ¥ i¥
£.BEOABERE  ¥x%¥
7.088888E5 vy
. BBBEEG ¥x¥
5.00865 ¥xx
4.8885 ¥xy
2.866 xxx

2.B0 Xk
1.8 %3
g. ¥x¥

—

If a number containing a fraction is stored in the I-register, (@ reads only the integer
portion of the number. Thus, the I-register can contain a number as large as 9.999999999, and
the [@operation will still execute. For example:
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Press Display

9.999999999

[ 1] Display is rounded,
but number maintains ©,000999000 yyy
its original value in- a. B-BBBBBE-'}E?: ok
side the calculator. . ABBBBEG ¥¥x

0 (7.1 since the HP-97 is in 7.P@ABBAE  ¥xk
FIX mode, executing £.888RF  ¥ix
the loop yields the 5 BEAC  kux
illustration of fixed ; B85 - sas
point notation. (Notice :'3 ae **“"
that rounding occurs. it it
Thus, 8.999999999 s ey
is rounded to T g
9.00000000 when
printed in FIX 8, etc.)

The HP-97 displays if the number in the I-register is greater than 9.999999999

when a [@ instruction is executed. For example:

Press Display

10 7 L10.
0 _Error

As with all error conditions, pressing any key clears the error and returns to the display the
last value present there before the error.

Press Display
RIS

By using (@, you have tremendous versatility in the types of output formats your HP-97
produces. With instructions, for example, the width of a printed number (that is, the
number of characters printed) can be made dependent on data. This means that simple bar
graphs can be created with the printer.

Indirect Store and Recall

You can use the number in the I-register to address the 26 storage registers that are in your
HP-97. When you press (@, the value that is in the display is stored in the storage
register addressed by the number in the I-register. addresses the storage registers in a
like manner, as do the storage register arithmetic operations Nstol-J0R (i)
and B [@. (If you have forgotten the normal operation of the storage registers, or of
storage register arithmetic, go back and review section 4, Storing and Recalling Numbers, in
this handbook.)
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When using m, {@. or any of the storage register arithmetic operations utilizing
the [ function, the I-register can contain positive or negative numbers from 0 through 25. The
numbers 0 through 9 address primary storage registers Ry through Ry, while numbers from 10
through 19 will address secondary storage registers Rg, through Rgy. (You do not have to use
the function with [} .) Numbers 20 through 24 address storage registers R, through R,
and with the number 25 in the I-register, [@ addresses the I-register itself!

The diagram below should illustrate these addresses more clearly.

Primary Registers
(i) Address

| I -

2 —

Re[__ ]2

Re (] 22

2 E—

R[] 2
Secondary Registers

(i) Address

Rso [ 19
R, [ 18
R, (e 17
Rs, [EEBR 16
Rs, ) 15
R.. e 14
R, B 13
Rs. Bl g 12
R, [ 1"
Rs. (ISR 10

(i) Address

R[]
R[]

R[]
RO ]
R
R[]
R[]

R[]

O = N W OO N ® O
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By using the calculator manually, you can easily see how B [@ and [@ are used in
conjunction with the I-register to address the different storage registers:

Ensure that the PRGM-RUN switch prem [l Run is set to RUN.

Press Display

2 [0.00 ]

(] [0.00 1} Clears all storage

= [ 0.00 ] ¢ registers, including

e [ 0.00 the I-register, to zero.

5 1] [5.00 Stores the number 5
in the I-register.

1.23 m [1.23 | Stores the number
1.23 in the storage
register addressed by
the number in I—that
is, storage register R;.

24 i [24.00 |  The number 24 is
stored in the I-register.

85083 [ 85083.00 ] This number stored in
the storage register
(Rg) addressed by the
current number (24)
in I

12 1 [ 12.00 "] Stores the number 12
in the I-register.

77 43 [77. 43 |

()] [7.700000000 44 ] Stores the number 7.7

X 10* in the storage
register addressed by
the number in [—that
is, in secondary stor-
age register Rg,.

Notice that the number was stored directly in secondary storage register Rg,. You do not have
to use the function to access the secondary storage registers when using the [[} function.

To recall numbers that are stored in any register, you can use the (recall) key followed
by the number or letter key of the register address. (For secondary storage registers, use the
function to exchange contents of the primary and secondary registers before using the
function.) However, when the address currently stored in the I-register is correct, you can
recall the contents of a storage register by simply pressing [[@ (or [@). For example:
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Press Display
5 [ 1.23 | Contents of storage

register R; recalled
to displayed
X-register.

m 7.700000000 44 | Since the I-register
still contains the num-
ber 12, this operation
recalls the contents of
the storage register
(secondary register
Rs) addressed by the
number 12.

By changing the number in the I-register, you change the address specified by @ or
[@. For example:

Press Display

24 (1] 24.00
m 85083.00 Contents of storage

register Ry recalled
to displayed
X-register.

5 (1] [ 5.00

m [1.23 ] Contents of storage
register R; recalled
to displayed
X-register.

Storage register arithmetic is performed upon the contents of the register addressed by I by
using [M.608 0 G2 @, and BB B [@. Again, you can access any storage
register, primary or secondary—you never have to use the function when using the
I-register for addressing. For example:

Press Display
1 [1.00 | 1 added to number

in storage register
(R5) currently ad-
dressed by the I-

register.
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Naturally, the most effective use of the I-register as an address for and W is in a i
program. ;

Example: The following program uses a loop to place the number representing its address in
storage registers R, through Ry, Ry, through Rgg, and R, through Rg. During each iteration
through the loop, program execution pauses to show the current value of I. When I reaches
zero, execution finally is transferred out of the loop by the {8 B instruction and the
program stops.

To key in the program:

Slide the PRGM-RUN switch pram [[[[Illrun to PRGM.

Press Display

0 &P (00 )

001 21 11]

ER 002 16-53

03 [ 003 16-51 ]

T (004 16-53 | ( Program initialized.

2 [ 005 02 ]

5 | oo6 05 |

o [oo7 35 46 |

1 [ oos 21 01] | Current value in I

BB [ 009 36 46 | stored in storage regis-

@ Lo10 35 45 | ter addressed by ().

PAUSE 16 51 ause to display cur-

k] Lo11 | P display
rent value of I.

s Lt [012 16 25 46|  Subtract one from
value in I-register.

1 Lo13 22 01]  If I # 0, execute loop
again.

@ PRINT: [o14 16-13 ]  Otherwise, print the
contents of all the
storage registers.

[+ ] 015 16-51 |

@ PRINT: 016 16-13 |

Lo17 16-51 ]  Restores contents of
secondary storage
registers for possible
later calculations.

RTN [ 018 24 |
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When the program is run, it begins by clearing the storage registers and placing 25 in the
I-register. Then execution begins, recalling the current value in the I-register and storing that
number in the corresponding address—for example, when the I-register contains the number
17, that number is recalled and stored in the storage register (Rg;) that is addressed by the
number 17. Each time through the loop, the number in the I-register is decremented, and the
result is used both as data and as an address by the {@ instruction. When the number in
the I-register reaches zero, execution transfers out of the loop and the contents of all storage
registers are printed.

To run the program:

Slide the PRGM-RUN switch pram [l run to RUN.
Press Display

(A 000 ]

™
Lich R B B R B B S S T o i |

r
-

LA T S O S

.
e M P 0200 22 M e ] CFy 00 a0 G Boy ba TR

LA Loy Ay A I R |

.
MHMMDIMD DD MDD DD

e
3
3
4
<
&
E.
L}
(7}
1
3
4
é

b PR B C B0 2 0 6D C ) OF 0N A Gug By e R
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Notice that the contents of the I-register have been decremented to zero.

You do not have to address secondary storage registers Ry, through R, indirectly by using
[@ and (@. In some cases, in fact, using the function in conjunction with
and (@ can be a powerful programming tool, since you can use the same instruc-
tions to process two sets of data.

For example, suppose you had quantities A, 42, A3, A4, A5 stored in primary storage registers
R, through R;, and quantities B, B, B3, B4, and B; stored in secondary storage registers Rg,

through Rg;. If you wanted to find the average value 0f% + % + ... g—" (wheren =35,
1 2 n

in this case) you could use [@ and BB in conjunction with the function as
shown in the program below.

To key in the program:
Slide the PRGM-RUN switch pram [[THllrun to PRGM.

Press Display

1] (000 |

[ 001 21 13 |

5 L 002 05 | Sets number of itera-

(1] [ 003 35 46 | tions through loop.

0 [ 004 00 |

0 [ 005 35 00 |

8 [ 006 21 08 |

@ [ 007 36 45 |

@3 PRINT: [Space] [ 008 16-11 | _

(009 14 | A, and B, bro.ught into

) (070 16-51 | Y- anq X-registers

m Co11 36 45 | and printed.

[012 14 ]

8 L0713 -24 |

(1] [014 16-51 | Original contents of
secondary storage
registers restored to
those registers.

0 [015 35-55 00 | Total stored and up-

dated in register R,.
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Press Display

(1] 6 [076 16 25 46 |

8 [017 2208 If, after decrementing,
I has not reached zero,
execute the loop again.

0 [o018 36 00 ] )

5 [019 05 |

<] [020 -24 |

9 [021 -63 09 | Otherwise, compute,

@8 PRINT: (SPACE [022 16-11 | ( format, and print the

PRINT X [ 023 -14 | average and stop.

2 [ 024 -63 02

RTN [ 025 24 | )

Now run the program for the following values of 4 and B.

A | 73|81 |976 | 1159 | 2448

B|21|47 68 | 10288 | 179

First initialize the program by placing the values for B in secondary storage registers Rg,
through Rg; and the values for 4 in corresponding primary registers R, through R;. To initialize
and run the routine:

Slide the PRGM-RUN switch prem I ruN to RUN.

Press Display

21 1 [21.00 ]
47 @@ 2 [47.00 ]
68 3 [ 68.00 |
102.88 4 102.88

179 5 [179.00 |
0 [ 179.00 ]
73 1 [ 73.00 ]
81 2 [ 81.00 |
97.6 3 [ 97.60 ]
115.9 4 [115.90 ]
244 8 5 [244.80 ]
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Now press [ to run the program and print the data and the average.

Press Display
G (183 ]

244.80  kxy
176,08 3x

iy
LR % 4

97.66 wrv
6. B4 xxy

21.88 wxx
deba den

FZ.88 ¥i¥
£1.88 mix

L B25EBE3ES  xix

Although for this illustration we stored the data manually before beginning, it would be a
simple matter to create an initialization routine that, when loaded into the calculator, would
permit you to key in data during a (PAUSE ) instruction. The routine could use the (@ func-
tion to store the original data in the proper registers as you keyed it in.

Indirect Incrementing and Decrementing
of Storage Registers

In section 11, you learned how to increment or decrement the I-register by using the
instructions B and ). By using the number in the I-register as an address, the

instructions §B @ and B3 [@ increment or decrement the contents of the storage
register addressed by the number in 1.

The indirect addressing of the storage registers for (5Z] [} and [@ is the same as that for
() @, and storage register arithmetic using [[}. When using (@ and @m,
the calculator looks at only the integer portion of the absolute value of the number stored in
the [-register. An attempted or (@ operation when the number in I is 26 or greater
results in an error condition.
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[@ and function very similarly to £ and 8. When an M or
instruction is performed in a running program, the calculator first increments (adds 1
to) or decrements (subtracts 1 from) the contents of the storage register addressed by the
number in the [-register. If the contents of the storage register addressed by the number in I are
then zero (actually, if they are between -1 and +1), the calculator skips one step. If the
contents of the storage register addressed are not then zero, execution continues with the next
step of program memory after the @ or (@ instruction.

Indirect Control of Branches and Subroutines

Like display control using (@ and addressing of storage registers using and
(@, you can address routines, subroutines, even entire programs with the I-register.

To address a routine using the I-register, use the instruction [@. When a running program
encounters a instruction, execution is transferred sequentially downward to the
that is addressed by the number in the I-register. Thus, with the number 7 stored in I, when the
instruction is encountered, execution is transferred downward in program memory to
the next 7 instruction before resuming.

[stof 1]
(GToJ i)

-

T
I

g

Naturally, you can also press [&53 [@ from the keyboard to begin execution from the specified
LeL |}

Subroutines can also be addressed and utilized with the I-register, When [ [ is executed
in a running program (or pressed from the keyboard), execution transfers to the specified
and executes the subroutine. When a is encountered, execution transfers back to
the next instruction after the 3 [ and resumes. For example, with the number 7 stored in
the I-register, &3 [ causes execution of the subroutine defined by 7 and GI00.
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The simple-to-remember addressing using the I-register is the same for @ and R @.
If the I-register contains zero or a positive number from 1 through 9, [@ addresses
0 through 9. When the number in I is a positive 10 through 14, @3 through
@ are addressed, while positive 15 through 19 address B (@ through
02 (€]. Label addressing is illustrated below.

If the number in I is: @ or E3 transfers execution to:

ozl
= I Le

=
@
r

'_
2]
-

B

O oo kW~ O
38
@
rar

11 LBL

e
BEE0 BEEE6 A68
TjogoRE®m =3 §-) i TR OO RE®
i I Ll I rprpr rEgErgrapr
00088 BERAEE °x 1 us e ~o

EEEEE

—

o
-
o
"~
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Remember that the numbers in the I-register must be positive or zero (negative numbers cause
rapid reverse branching, which we will discuss later), and that the calculator looks at only the
integer portion of the number in I when using it for an address.

Example: One method of generating pseudo random numbers in a program is to take a number
(called a *‘seed’’) square it, and then remove the center of the resulting square and square
that, etc. Thus, a seed of 5182 when squared yields 26853124. A random number generator
could then extract the four center digits, 8531, and square that value. Continuing for several
iterations through a loop would generate several random numbers.

The following program uses the (@ instruction to permit you to key in a four-digit seed
in any of three forms: nnnn, .nnnn, or nn.nn. The seed is squared and the square truncated
by the main part of the program, and the resulting four-digit random number is displayed in the
form of the original seed: nnnn, .nnnn, or nn.nn.

A flowchart for the program might look like the one on page 217.




Keyin
number
nnnn.

_ Start

Change to
form nn.nn.

Store 1
inI-register

LBL1

Change to
form nnnn.

Using the I-Register for Indirect Control

Keyin
number
.nnnn.

Start
Change to
form nn.nn.

Store 2
inI-register.

number.

Extract new
seed of
form .nnnn.

Store 3
in I-register.

LBL 3

Change to
form nn.nn.
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You can see how actual implementation of the program matches the flowchart.

nnnn .nnnn nn.nn

ger xLBLE 81z xlBELC

BRE EEX gi4 3

gee 2

EilE

Bl 2

Blg  ETCa

BiT ¥LBLd

gle. . STRI

BI7 At

Big HE

gis EEX

28 Z

I

a2 INT

BZE EEX

Bls 4

ges =

(a3 FRC

gZ7  GTCG
26 ¥LBLI B34 xLELZ A" ¥LBLS
] EEX B3t DSP4 g28 EES
gze 4 Bac RTH 8zs 2
gl # g4e ¥
@3z DSPe g4l . DESPZ
B3z RETH B4z RTH
nnnn .nnnn nn.nn

The use of the [@ instruction lets you select the operations that are performed upon the
number after the main portion of the program.

By storing 1, 2, or 3 in the I-register depending upon the format of the seed, the program
selects the form of the result after it is generated by the main portion of the program. Although
the program shown here stops after each result, it would be a simple matter to create a loop

that would iterate several times, increasing the apparent randomness of the result each time.
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To key in the complete program:

Slide the PRGM-RUN switch pram [[[Jill run to PRGM.

Press Display

DEms [0 ]

(4] (o001 21 11 |

(e x ] [ 002 -23 |

2 (003 02 | S:ilges nnnn to

a8 | 004 -24 | o

1 [ 005 01 ] Places 1 in X-register
for storage in I.

crol + |69 [006 22 16 14 |

(5] [ 007 21 12 ]

[ 008 -23 Changes .nnnn to

2 (009 02 nn.nn.

] 010 -35

2 [o11 02 | Places 2 in X-register
for storage in I.

croff + ) [012 22 16 14|

[013 21 13 |

3 (014 03 | Places 3 in X-register
for storage in 1.

ne [015 21 16 14 |

sToll 1} [016 35 46 Stores address of
later operation in 1.

X%y (017 -41 | Brings nn.nn to
X-register.

L] [018 53 | Squares nn.nn.

(EEx | [o19 -23 |

2 [ 020 02 ||  Truncates two final

[ | [ 021 -35 | digits of square.

) [022 16 34 |

[023 -23 |

4 [024 04 ] Truncates two leading

a8 [ 025 -24 | digits of square.

] 026 16 44 |

(i) [ 027 22 45 | Transfers execution to

appropriate opera-
tional routine.

———
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Press Display

1 [ o028 21 01

EEX [ 029 -23 |

4 [030 04 | Result appears as
[031 =35 | nnnn.

0 [032 -63 00 |

RTN [ 033 24 |

2 034 21 02

4 { 035 63 04 l Result appears as
e (036 2 | .nnnn.

3 037 21 03

038 -23

2 [ 039 02 | Result appears as
[ 040 -35 | nn.nn.

2 [ 041 -63 02 |

RTN [ 042 24 |

We could also have used a subroutine for the digits for 100 (that is, @3 2) in steps 002-003,
008-009, 019-020, and 038-039, but we have used this more straightforward program to
illustrate the use of the instruction.

When you key in a four-digit seed number in one of the three formats shown, an address
(1, 2, or 3) is placed in the I-register. This address is used by the (@ instruction in step 027
to transfer program execution to the proper routine so that the new random number is seen
in the same form as the original seed.

Were you to record this program on a magnetic card, you might wish to mark your card so
that it looked like this:

¢ Psevdo Random Momberﬁmt;@

E N __.nnnn_nn-nn, .
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Now run the program for seeds of 5182, .5182 and 51.82. To run the program:

Slide the PRGM-RUN switch pram [ run to RUN.

Press Display

5182 3 Random number

generated in the
proper form.

s @
51528

The program generates a random number of the same form as the seed you keyed in. To use
the random number as a new seed (simulating the operation of an actual random number
generator, in which a loop would be used to decrease the apparent predictability of each
succeeding number), continue pressing the appropriate user-definable key:

Press Display

Each succeeding
51.28 number appears to be
29.63 more random.

With a few slight modifications of the program, you could have used a instruction
instead of a [@ instruction.

Rapid Reverse Branching

Using (@ and ) (@, with a negative number stored in I, you can actually branch to any
step number of program memory.

As you know, when a or instruction is executed, the calculator does not execute
further instructions until it has searched downward through program memory and located
the next label addressed by or 3. When or [@ is executed in a running
program, with O or a positive 1 through 19 stored in the I-register, the running program
searches downward through program memory until it locates the next addressed by the
number in 8. Then execution resumes.

With a negative number stored in the I-register, however, execution is actually transferred
backward in program memory when @ or (@ is executed. The calculator does not
search for a label, but instead transfers execution backward the number of steps specified by
the negative number in the I-register. (This is advantageous because the search is often much
faster than searching for a label, and because you can thus transfer execution even though all
labels in the calculator have been used for other purposes.)
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For example, in the section of program memory shown below, —12 is stored in the I-register.
Then, when step 207, (@, is executed, the running program jumps backward 12 steps
through program memory to step 195 (that is, step 207 — 12 = 195), and execution resumes
again with step 195 of program memory.

18z i
184 3
~» 195 5708
18 <
187 -7,
15¢ Fe
With —12 stored in I, execution 168 Fze
transferred backward 12 steps 255 RTH
by @m. M1 R HA
2682 LOG
282 i
2As Z
2ES CHS
R R
e SR
S 2l
288 7

When (@ has been performed in a running program, execution then continues until the
next or instruction is encountered, whereupon the running program stops. Thus, if
you pressed [ with the instructions shown above loaded into the calculator, the instructions
in steps 201 through 207 would be executed in order. Then the program would jump backward
and execute step 195 next, continuing with 196, 197, etc., until the instruction was
encountered in step 200. The running program would then stop.

With a negative number stored in the I-register, (@ also transfers execution backward
the number of steps specified by . However, subsequent instructions are then executed as a
subroutine, so when the next instruction is encountered, execution transfers back to the
instruction following the &3 [@ instruction (just like a normal subroutine would be executed).

The section of program memory on the next page shows how 3 (@ operates. If you press
» —12 will be stored in the I-register. When (&) [ is then executed a running program jumps
back 12 steps from step 207 and resumes execution with step 195. When the (return)
instruction in step 200 is encountered, execution returns and continues with step 208.
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HLo e
154
—*> 185
i g
| 187
[ igg
With -12 stored in [, | ige Then the
execution transferred | 2BE BTH -— instruction causes
backward 12 steps l 2l ) B | areturn, and
by 3 [@. | 262 LGE | execution resumes
; 283 ) | with step 208.
| 264 z '
| 285  CHS |
| 206 - SF0 l
L 267 ESEQ o
2Be  TanN ‘
JE3 o

Rapid reverse branching using and [ (@ is extremely useful as part of your
programs. Rapid reverse branching permits you to transfer execution to any step number
of program memory. With a negative number stored in the I-register, the resulting step
number can always be found by combining the negative number in I with the step number

of the @ or 3 instruction.

Execution can even be transferred backward past step 000. To find the resulting step number
of program memory, find the sum of the negative number in the I-register and the step number
containing the @ or & [ instruction, then add 224. Thus, if the I-register contained
-12 and a (@ instruction were encountered in step 007, execution would be transferred
to step 219 of program memory (7-12 + 224 = 219).

Example: Named after a 13" -century mathematician,
the Fibonacci series is a series of numbers that ex-
presses many relationships found in mathematics,
architecture, and nature. (For example, in many
plants, the proliferation of branches follows a series
of Fibonacci numbers.) The series is of the form 0, 1,
1,2,3,5,8, 13..., where each element is the sum of
the two preceding elements.
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The program below contains an infinite loop that generates and prints the Fibonacci series.
Although you normally would probably not set up a single routine that began in step 211
and continued through step 008, the routine below illustrates how the {@ instruction
coupled with a negative number in the I-register can transfer program execution back in
program memory, even past step 000.

o rlBLA G

old i g1

13 a fe

214 £HS o
215 STo7 35 44
215 2 ER
o1 =.8ton 35 &8
S8 { B1

219: noThd 33 8l

2ol FRIN -14

» 22 RCLE 36 88

cee. . -RELZ 26 41

cel 7 =55

&cd FRTX -i4

& CThR =5
Execution transferred ﬁ?‘;l_ EL;; ‘;2 g? o
-10 steps. R i e Infinite loop.

af3  RCL! 36 81 f
£G4 # =55
BRS. . FRIY -14

B0s ST0l 25

A8y LTt 2 45 )
aag RTH 24

When the program is run, steps 212 through 215 store —10 in the I-register. Thereafter,
execution of the (@ instruction in step 007 causes the running program to jump back 10
steps and resume execution with step 221 (that is, 007 — 10 + 224 = 221). Thus, an infinite
loop is set up that generates and prints the Fibonacci series until you stop the program by
pressing (or any key) from the keyboard.

To load the complete program, you must first load the instructions in steps 001 through 008,
then go to step 210 and load the instructions into steps 211 through 224. To load the program
into the calculator:

%
:
;Z;
:
i
r
:
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Slide the PRGM-RUN switch pram [[[[Jllrun to PRGM.

Press Display

B Cprom) [000 |
0 [o01 35 00 |
0 [002 36 00 |
1 [003 36 01 |
004 -55
PRINT X [ 005 -14 |
1 [ 006 35 01 |
m 007 22 45
RTN [ 008 24

Now go to step 210 and continue loading instructions, beginning with the 3 contained
in step 211:

Press Display

210 [210 51 |
(4] [211 21 11 |
1 212 01 ]
0 213 00 |
CHS [214 -22 ]
(1] [215 35 46 |
0 (216 00 |
0 [217 35 00 |
1 [218 01 |
sTo | [219 35 01 |
PRINT X [220 -14 |
0 [221 36 00 |
1 [222 36 01 |
223 -55 |
224 -14

Now switch to RUN mode and run the program. Press (or any key) to stop the program
after you have seen how quickly the Fibonacci series increases.
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To run the program:
Slide the PRGM-RUN switch pram M sun to RUN.

Press Display
1.88 22
] FA¥
Z Nk
5 tix
o X¥z:
E.62 Fa%
13.88 i¥x
(4] 21,85 wyx
RiS 34.88 dwx
g5, 02 ¥
85. 83 sxi
134,62 #x»
2en. sy
& (R s
E18 yx¥

Each element in the Fibonacci series is the sum of the previous two elements in the series.

Rapid reverse branching can be specified with numbers from -1 through —999 in the I-register.
If the number in I is greater than 224, the search continues backward through program
memory the number of steps specified. If you attempt to execute (@ or &3 [@ when
magnitude of the integer portion of the negative number in I is greater than 999, the calculator

displays :

Problems

. a. Create and load a program using (152] [ and B3 (@ that permits you to key in a series
of values during successive pauses. The values should be stored in storage registers
R, through Ry, R, through Rgy, and R, through Ry in the order you key them in. Use the
tflowchart on the opposite page to help you.
b.  Now create and load a program immediately after the first one that will recall and
print the contents of each storage register in reverse order (that is, print Ry first, then Ry,
etc.). The program should stop running after it has printed the contents of R,,.

Run the program you loaded for problem la, keying in a series of 25 different values.
Then run the program you loaded for 1b. All 25 values should be printed, but the last
one you keyed in should be the first printed, etc.

2. Modify the Random Number Generator program on pages 219-220 to use (£ (@ instead
of (@ for control. Run the program with the same seed numbers to ensure that it
still runs correctly.




Using the 1-Register for Indirect Control

Clear all
storage registers.

Clear display.

Pause to key
in number.

Number
in display
=07

|

Store number in
storage register
addressed by (i).

Increment
I-register.

Sl
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3. One curious fact about the Fibonacci series is that
the quotients of successive terms converge to a
common value. This value was known to the
ancient Greeks as the ‘‘golden ratio’” because it
expressed the ideal ratio of width to length that
gave the most aesthetically appealing building or
room.

Create, load and run a program that will yield this
ideal ratio. You should be able to calculate and
print each successive ratio (for example, 2/3, 3/5,
5/8, 8/13, etc.) until the series converges to the
value of the golden ratio. Create a loop by using
the rapid reverse branching power of the instruction with a negative number in
the I-register. Use the flowchart on the opposite page to help you.

When you are satisfied that the golden ratio has been calculated, you can press from
the keyboard to stop the infinite loop. (The value of the golden ratio should be
0.618033989.)




Using the 1-Register for Indirect Control

Store negative
address inl.

Store 6 in R,.

Store 1 in R,.

Add R, and R,.

Store result in R,.

Divide R, by R,.

Add R, and R,.

Store result in R;.

Divide R, by R;.

Print result.
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Section 13

Flags

Besides the conditionals ([x=y7), (¥>07], etc.) and the tests for zero ((5z) (@, m.
(11 E). you can also use flags for tests in your programs. A flag actually is a memory
device that can be either SET (true) or CLEAR (false). A running program can then rest
the flag later in the program and make a decision, depending upon whether the flag was

set or clear.

There are four flags, FO, F1, F2, and F3, available for use in your HP-97. To set a flag true,
use the instruction (set flag) followed by the digit key ((0], (1], (2], [3)) of the desired
flag. The instruction (clear flag) is used to clear flags.

When using flags, decisions are made using the instruction (£7 (is flag true?) followed by the
digitkey ( [0), (1], @), (3) ) specifying the flag to be tested. When a flag is tested by an B (52
instruction, the calculator executes the next step if the flag is set (this is the **DO if TRUE”’
rule again). If the flag is clear, the next step of program memory is skipped before execution
resumes.

Is flag F1 true?

If YES, continue execution ch( 0 @ |\ No
with next step. I

If NO, skip one step
before resuming execution.

Command-Cleared Flags

There are two types of flags. Flags FO and F1 are command-cleared flags—that is, once they
have been set by an 3 Oor i3 1 operation, they remain set until they are commanded
to change by the 3 0or 3 1 operations. Command-cleared flags are generally
used to remember program status (e.g., are printed outputs desired?).

291
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Test-Cleared Flags

Flags F2 and F3 are test-cleared flags. They are cleared by a test operation. For example,
if you had set flag F2 with an £ 2 operation and then it was tested later in a program
with an {8 (F7) 2 instruction, flag F2 would be cleared by the test—execution would continue
with the next step of program memory (the ‘DO if TRUE’’ rule), but the flag would then
be cleared and would remain cleared until it was set again. The test-cleared flags are used
to save the operation after a test. (However, test-cleared flags can be cleared by the
gl operation, if desired.)

Besides being a test-cleared flag, flag F3 alone is ser by digit entry—that is, as soon as
you key in a number from the keyboard, flag F3 is set. It is also set when the magnetic card
reader is used to load data into the storage registers from a card.

Even though you do not test or use flag F3 in a program, it is nevertheless set by digit
entry from the keyboard or data loading from the magnetic card reader.

All flags are cleared when the HP-97 is first tumed ON or when is pressed in
PRGM mode.

Now look at the way these flags can be used in programs.

Example: The following program contains an infinite loop that illustrates the operation of a
flag. (In this case, the flag used is command-cleared flag FO.) The program alternately displays
all 1's and all 0’s by changing the status of the flag, and thus, the result of the test in
step 007, each time through the loop. A flowchart for the simple program might look like
the one on the opposite page.

The program assumes that you have the number O in storage register Ry and the number
1.111111111 has been stored in storage register R,.

Slide the PRGM-RUN switch pram [[[[Jill run to PRGM.

Press Display
1] 000
4] 001 21 11 ]
9 Loo2 =63 09 | Recalls and displays
1 [ 003 36 01 | .
ones from register R,.
0 (Pause) (004 16 51 |
@BeEao [005 16 22 00 ]  Clears flag FO.
teL Mg ] [ 006 21 12 ]
BEo (007 16 23 00 ]  Test flag FO.
| 008 22 11 ] If set (true), go to
(AR
0 [ o009 36 00 .
o 010 16 51 gth&imlse, reic:all and
(1] 0 011 16 21 00 1Splay zeros t‘]"’m;‘:)'
o (012 22 12 ] gister Ry, set flag FO,

(013 24 and go to (EW 3.

-
o
Zz
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i

1

gt | gt | ¢

-

Pause
to display ones.

Clear flag FO.

Pause
to display O’s.

Set flag FO.
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Now switch to RUN mode and initialize and run the program. To run the program:

Slide the PRGM-RUN switch prem [Jl[[[lrun to RUN.

Press Display

0 [o. |

FiX [ 0.00 |

9 [ 0.000000000 | Initializes the program.

0 [ 0.000000000 |

Lt [ 111111111 |

1 [ 1.111111111 ]

(4] (1111111111 | All ones and all zeros
| 0.000000000 ] displayed alternately.

To stop the running program at any time, merely press (or any key) from the keyboard.

How it works. After you have initialized the program by storing all zeros in register R, and
all ones in register R;, the program begins running when you press £§. The 1 and
[ 1] instructions in steps 003 and 004 pause to display all ones from storage register
R,. The @3 0 instruction in step 005 clears flag FO. (Since the flag is already clear when
you begin the program, the status of the flag simply remains the same.)

There is no after the routine begun by 3, so execution continues through the B ]
instruction in step 006 to the test, B 0, in step 007. The E3 instruction asks
the question *‘Is flag FO set (true)?"’ Since the flag has been cleared earlier, the answer is NO,
and execution skips one step of program memory and continues with the 0 instruction
in step 009. The 0 and £3 instructions in steps 009 and 010 pause to display
all zeros from register R,. Flag FO is then ser by the §B 0 instruction in step 011,
and execution is transferred to ) by the B instruction in step 012.

With flag FO now set, the test [f} 0 (“*Is flag FO true?’’) is now YES, so the calculator
executes the I3 instruction in step 008, the next step after the test. After again pausing
to display all zeros, the flag is cleared, and the program continues in an endless cycle,
alternately displaying ones and zeros, until you stop execution from the keyboard.

The above program utilized one of the two command-cleared flags, so an [} instruction
was required to clear it each time. However, you should also be able to modify this program
using one of the test-cleared flags, F2 or F3, and shorten the program, thereby saving one step
of memory.
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Data Entry Flag

The data entry flag, flag F3, is a flag that is set for data entry and cleared upon test. These
features of this flag can be used for interchangeable solutions in a program.

Example: The program below calculates the distance (d), speed (s), or time (z) for a moving
body according to the following formulas:

d = st distance = speed X time
_d o i
s = - speed = distance =+ time
_d S .
t= — time = distance + speed
s

Given any two of the quantities d, s, and ¢, the program will calculate the third. The program
uses the test-clearing feature of data entry flag F3 to decide whether to store a quantity
away or to use previously stored quantities for calculation. If you recorded the program on a
magnetic card, the card might look like this:

¢ Distance,Speed,and Time
8, =>d s &t - .

As you can see from the flowcharts shown on the following pages, when the user-definable
key @3, B, or @ is pressed, a decision is made. If you have keyed in a value, that value

is stored for further calculations. If you have not keyed in a value, the program calculates
the desired quantity. The decision to store or to calculate is made depending upon whether

the data entry flag, flag F3, is set or cleared.




Was
d input
as digit

Calculate Sto're din
and print d. register R,.

s input
as digit
entry?

Calculate Store s in
and print s. register R,.




Was
t input
as digit
entry?

Calculate t Change t
using d to decimal
ands. hours.

Change t Store t in
to hours, register R,.
minutes,

seconds.
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To key in the program:
Slide the PRGM-RUN switch prem [[[[Illlrun to PRGM.

Press Display
[ ] 000 |
(4] (o001 21 11] )
1 [ 002 01}
[ 1] [ 003 35 46 |
[ 004 -41
L JGBK [005 16 23 03 If digit entry flag set, distance is stored. If
1 [ 006 22 01] ¢ . . .
N Foo7 36 02| flag is cleared, distance is calculated.
RCL
TN 3 [ oos 36 03]
[Lo09 -35 |
[o10 -14]
RTN Lo11 24 ]
a 012 21 12]
2 013 02]
(1] [o14 35 46|
xzy [ 015 -41 |
F7) 3 016 16 23 03 ,
0 l[ 017 22 01J| [ If digit entry flag set, speed is stored.
1 (018 36 01| If flag is cleared, speed is calculated.
RCL € [o19 36 03]
& [ 020 -24
[ 021 -14
[ 022 24| /
(o023 21 13| }
BF3 [024 16 23 03]
2 [ 025 22 02|
1 | 026 36 01 [ If digit entry flag set, time is stored. If flag
2 {{ g;; 36 g; is cleared, time is calculated.
[ ] [ 029 16 35 |
(030 -14 |
[ 031 24| /
llm Eﬁ i; 3; Routine to store distance or speed in
appropriate storage register.
[ 034 24 |
[Hzm | ggz f; gil] Routine to convert time from hours,
s '3 037 35 03 minutes, seconds format to decimal

hours for calculation.

RTN [ 038 24 |
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Since the data entry flag F3 is also a test-clearing flag, it is cleared as soon as it is tested
during each routine. Therefore, you do not have to use an £ instruction in each routine
to prepare the flag for a new case.

Running the program. At this writing, the world speed record for an aircraft over a straight
course is 2070.101 miles per hour by a Lockheed YF12A. Run the program to find the time
at this speed that it would take the aircraft to travel the 3500 miles from New York to London.

To run the program:

Slide the PRGM-RUN switch prem iII[Jrun to RUN.

Press Display

6 Initializes program.

35000 3500.000000

2070.101 &3 2070.101000

1.412666 The time would be 1
hour, 41 minutes,
26.66 seconds.

L
4
L
L8]
oy
Oy
L22]
ar
o
.

Now run the program to find out how far an automobile averaging 95 kilometers per hour
could travel in 2 days.

Press Display

%50 95.000000
2 2.000000
&
* 48.000000 45E0. BARBTD  ¥ix
48.000000
(A ] 4560.000000 The automobile would

travel 4560 kilometers.

The present Olympic record for the 1500-meter run
is 3 minutes, 34.9 seconds, set at the 1968 Olympic
Games by Kipchoge Keino of Kenya. What was
Keino’s speed in kilometers per hour?

(A kilometer is equal to 1000 meters, so key in the
distance as 1.5 kilometers.)
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Press Display

158 1.500000 Distance keyed in.
.03349 0.059694 Time converted to

decimal hours. St
25. 127957 1ix

25.127967 Keino’s speed was
about 25 kilometers
per hour.

Notice in the above program how a flag can be used to make a decision and change the
execution of a program based upon past events. Remember, too, that the status of any flag
can be changed from the keyboard or from a running program.

Problems

1.

Modify the program on page 232 that alternately displays all zeros and all ones. Use
test-clearing flag F2 or F3 instead of command-clearing flag FO. Your program should be
one step shorter, since flags F2 and F3 clear when they are tested, and do not require an

instruction.

One mile is equal to 1.609344 kilometers. Use the flowchart on the opposite page to
create and load a program that will permit you to key in distance in either miles (define
the routine with ) or kilometers (define this routine with 3 ([6)) and, using
a flag and a subroutine, either multiply or divide to convert from one unit of measure to the
other. (Hint: yields the same result as @.

Run the program to convert 26 miles into kilometers; to convert 1500 meters (1.5

kilometers) into miles.
(Answers: 41.84 kilometers; 0.93 miles.)




Key Key in
in miles. kilometers.

Start Start

Place
1.609344
in X-register.

Is
flag set?




242

Create and load a program that stores in successive storage registers values that you key in
during a pause. Use the data entry flag F3 to make a decision whether to store the number
or merely to wait for another input. Use the flowchart on the opposite page to help you.
By using the data entry flag F3, you can key in values for zero and have them stored too.

When you have loaded the program, run it to check its operation. You should be able to
store up to 26 values (including values of zero) in succeeding storage registers. Manually
recall a few random values from some of the storage registers to ensure that the program
has operated correctly.




Clear flag F3.

Pause to key
in data.

Store data
in register
addressed by (i).

Increment [.




p b
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Section 14

Card Reader Operations

The programs that you have manually loaded into the HP-97 can be preserved permanently
on magnetic cards. In addition, data from the storage registers can also be preserved on
magnetic cards. By using magnetic cards and the card reader in your HP-97 Programmable
Printing Calculator, you can increase the capability of your machine almost infinitely.

Magnetic Cards

The prerecorded magnetic cards and the blank cards that you received with your HP-97
and Standard Pac are all alike—the only difference is the information that is recorded upon
them. Each card contains two sides, or tracks, where program information or data can be
recorded.

Note: Whether passing side 1 or side 2 of the card through the card reader, always
have the printed face of the card up.

Side 1 él . . . _ ) ﬂ Side 2

Each side of the card is the same, and it does not matter which side is used first. In this
handbook, we have adopted the convention of using side 1 first, then side 2; but as you
will see, you can record onto or load from a magnetic card in any order you choose. Each
side may contain either data or program information, but not both at once.

All magnetic cards are alike physically. Depending upon the type of information recorded
upon it, however, a card may be considered aprogram card, adata card, or even amixed card
(where one side contains program information and the other side contains data).

Program Cards
Recording a Program onto a Card

A program that you have loaded into the HP-97 is not permanent—it will be lost when you
turn off the calculator. You can, however, save any program permanently by recording it on
a magnetic card.

245




To record a loaded program from program memory onto a magnetic card:

1. Set the PRGM-RUN switch pram Il run to PRGM.

2. Select a blank, unprotected (unclipped) magnetic card from the packet of blank cards
shipped with your HP-97.

3. Pass side 1 of the card through the card reader exactly as you did when loading a
prerecorded program from the card to the calculator.

a. If a program fills up only 112 steps or fewer of program memory, the contents of
all of program memory (that is, the program instructions in steps 001 through 112 and
the instructions in steps 113 through 224) are recorded on side 1 of the card. The
instructions in steps 113 through 224 are in a ‘‘compressed’’ form. The calculator
displays the current program memory step to show you that the entire program has been
recorded.

b. If the program fills up more than 112 steps of program memory (that is, if steps
113 through 224 contain instructions other than ) the calculator displays
to prompt you that another side of the card must be passed through the
card reader to record the entire program. Pass the second side of the card through the
card reader. The calculator then displays the current program memory step to show you
that the entire program has been recorded.

4. The entire program is now recorded on the magnetic card, and also remains loaded
in program memory of the calculator. The contents of the data storage registers and the
stack of the calculator remain unchanged.

When you pass an unprotected card through the card reader with the PRGM-RUN switch
set to PRGM, whatever program instructions or data previously recorded on the card are
wiped out and replaced by the contents of the HP-97 calculator’s program memory.

Besides the actual program memory step numbers and instructions, the HP-97 also records the
following information on a program card on both the first pass and the second pass through
the card reader:

The fact that a program (not data) is being recorded.

The fact that this is side 1 (or side 2).

Whether or not two passes are required.

Current status of flags FO, F1, F2, and F3 within the calculator.

Current status of trigonometric mode (i.e., DEG, RAD, or GRD) within the
calculator.

Current display format of the calculator.

A checksum (a code to verify that the program is complete when it is reloaded).

L SV R
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All of this information is later read by the card reader when the program is reloaded back
into the calculator.

If any of the required information or program memory steps are not recorded during a read,
the HP-97 display will show to indicate that the recording of the card was not
complete. Clear the error by pressing any key (the key function is not executed), then pass the
same side of the card through the card reader again.
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Reloading a Recorded Program from a Card

Once a program has been recorded on a magnetic card, you can reload it into the calculator
any number of times. The procedure for reloading a program from a magnetic card is the same
as that for loading a prerecorded program from a magnetic card into the calculator (see
page 112). The position of the Print Mode switch MAN[ﬁﬁﬁNOHM does not matter when load-

ing or recording any card.

The status information recorded on the magnetic card along with the program makes it
unnecessary to load the card in any order—you can load either side 1 or side 2 first. The
flag status, trigonometric mode, and display format information recorded on the program card
save initialization time and program memory space because when the card is loaded, the
calculator’s flags, trigonometric mode, and display format are immediately specified accord-
ing to the information on the program card.

If a program card does not read correctly, or if information on the card has been altered
(perhaps by a strong magnetic field), the checksum will be wrong. When you attempt to
load the program from the card into the calculator by passing it through the card reader, the
calculator will display . You can clear the error by pressing any key. If a card
read fails after a portion of the card has been loaded, that portion of the calculator’s program
memory which would have been altered by reading the card is cleared to instructions,

"and the calculator display indicates [Efror | An error is also indicated if you attempt to

load a blank magnetic card, but the contents of the calculator’s program memory are preserved.

The contents of the stack and of the data storage registers in the calculator remain unchanged
when a program is loaded, whether from a card or manually from the keyboard.

To clear a program that has been recorded on a magnetic card, simply load another program
onto the card.

Merging Programs

Normally, whenever you load a program from a magnetic card into the calculator, that program
replaces the entire contents of program memory, either with program instructions or
instructions. All 224 steps of program memory are replaced.

However, you can also merge programs in your HP-97; that is, you can add a program that
is recorded on a magnetic card into the calculator, beginning with any step of program
memory. When you merge a program in from a card, steps 000 through nnn of the original
program are preserved. This feature permits you to add to or alter a program that is already
loaded in the calculator.

To merge a program from a magnetic card into program memory:

1. Set the PRGM-RUN switch pram [l run to RUN.

2. Use the (9 (@) (@) (0] operation from the keyboard to set the calculator to the

last step of the loaded program that you want to save. '

Press @ (merge).

4. Pass one side of the magnetic card containing the new program through the card reader.
If the second side of the card must also be loaded, the calculator display will prompt

you with [Crd ].

w
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5. If the calculator display shows , pass the second side of the card through

the card reader. The calculator will again display the original contents of the X-register to
indicate that the merged load has been completed.

When you merge a program from a card into program memory, the instructions from the card
are loaded into the calculator beginning with the step of program memory following the step to
which the calculator is set. Thus, if you first set the calculator to step 118 using the operation
(] (1 (3] [8) from the keyboard, the first instruction from the magnetic card would be
loaded into step 119, the second instruction into step 120, etc. All instructions in program
memory after the merge step are replaced by instructions from the magnetic card.

Remember, in some cases even one side of the program card may contain 224 steps (although
the last 112 steps are compressed instructions).

Thus, a 224-step program loaded in the calculator and a magnetic card containing a 50-step
program and 174 instructions might look like the illustration below:

Program loaded in calculator. Program recorded on magnetic card.
000 000 l
001 (A oor EBQ
002 B 002 [E8
003 Yx xXxy

| '\__/
f—\

048 EiE)
110 _olo

049 @ (s1acK]
117 EX

050 RTN
118

os1 GB
119 @ 052 O

120 @ (hvs+)
\_-/
121 [osp] (g) T~ |

% 216
166 [0 217
167 218 R/S
168 [2) 219
169 [ 220
E 221
222 @0 222
223 223

224 RTN 224 R/S
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If you set the calculator to step 118, press §l (MERGE), and pass the card through the card
reader, the instructions from the card will be merged in beginning with step 119 and continuing
through step 168. (That is, 118 + 50 = 168.) All instructions after step 118 will be replaced
in the original program, either by program instructions or instructions from the magnetic
card.

000

001 (4]
002

003 A

Steps 001 through

118 remain intact. "\

116
117 G5
118

Steps 119
through 224

The program from
are lost. prog

the magnetic card
replaces all
instructions after
step 118, including
B8 instructions,
out to step 224,

{4 X
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When merging a program from a magnetic card with a program already loaded into the
calculator, only the instructions from the card for which there are enough steps of program
memory will be loaded. Thus, in the example above, if you had merged the card from step
200 of the loaded program, only the first 24 instructions of the card would be loaded. (That
is, 224 — 200 = 24.)

When merging, the instructions that are replaced in program memory by the instructions from
the magnetic card are lost. The entire program on the card, of course, remains recorded there
permanently, until another program (or data) is recorded upon the card.

Calculator status information (flags, display and trigonometric modes) is not changed when
merging a new program with the one in program memory.

Protecting a Card

Information (whether program or data) that you have recorded upon a magnetic card can be
cleared or replaced unless the card is protected. To protect a side of a recorded card, clip
the notched corner of the card nearest the side you want to protect.

/
7

Z
Ciip here to—, 4§ ﬂ/«— Clip here to
protect side 1. 7 By A i A A protect side 2.

Not here—you could lose part of the program.

When you have protected a recorded program or recorded data on a side of a card by clipping
the comer of the card, you can load that information into the HP-97 any number of times,
but you will not be able to replace or add to the program or data on the card.

Marking a Card

After you have recorded a program on a card, you will probably want to assign the program
a name and to mark the name onto the card. In addition, you will probably want to mark
symbols onto the magnetic card so that when the card is inserted in the window slot, they
will appear above the letter keys ( 3 through @, B3 (@ through £ (€)) associated with the
labels in the program. These symbols, or mnemonics, should help you remember the use of
the letter keys in the program, and they will aid in running the program.

For example, if you had written a program that would convert degrees Celsius to degrees
Fahrenheit when was pressed, and degrees Fahrenheit to degrees Celsius when [} was
pressed, you might wish to mark the card with the information shown here.

¢ Temp Conversion P
@- il -C# F - F-,c o ]
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You can write on the non-magnetic face of a card as shown above using any writing implement
that does not emboss the card. Annotating magnetic cards with a typewriter'may impair the
load/record properties of the cards. To permanently mark a card, you can use India ink or a
permanent felt-tip pen.

Data Cards

As you know, you can record programs on magnetic cards for permanent storage, and then
simply pass the card containing a program through the card reader whenever you want to
run it again. You can also record data from the storage registers onto a magnetic card for
permanent storage or for use at a later time. Then, a day, a week, a year later, simply pass
the data card through the card reader to restore the original contents of the storage registers.

With this feature of the HP-97, you can store extremely large quantities of data for future use,
or you can use each card to preserve a series of constants.

Recording Data onto a Card

The @3 function and the card reader on your HP-97 allow you to record as much
data as you wish on magnetic cards. To record data on a magnetic card:

1. Set the PRGM-RUN switch prem [lll[[]run to RUN.

2. Store data in any storage register—R, through Ry, Rs, through Rgy, R, through Rg,
or L.

. Press @ (write data onto card). The calculator will display to
indicate that you are to pass a card through the card reader.

4. Select an unclipped magnetic card. Pass side 1 of the card through the card reader.

a. The contents of the primary storage registers (R, through Re, R, through Rg, I)
are recorded on side 1. If the calculator’s protected secondary registers (Rg, through
Rsy) all contain zero data, those contents are ‘‘compressed’’ and recorded on side 1 also.
The calculator displays the original contents of the X-register to indicate that all data
has been correctly recorded.

b. If any of the secondary storage registers (Rs, through Rg) contain nonzero data,
the display shows to indicate that a second side is necessary to record all
the data.

c. Pass side 2 of the card through the card reader. The actual contents of the secondary
storage registers Rg, through Rgy are recorded on the second side of the card.

w

5. All data has now been recorded on the magnetic card. In addition, the data remains
intact in the calculator.

Besides the data from the storage registers, the HP-97 also records the following information
onto a data card on either or both passes through the card reader:

The fact that data (not a program) is being recorded.

The fact that this is side 1 (or side 2).

Whether or not two passes are required.

A checksum (a code to verify that the data is complete when it is reloaded).

-;:L.JN:-—
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No calculator status information is recorded when data is recorded onto a magnetic card.

When data is recorded on a side of a magnetic card, it wipes out whatever information was
previously on that side. To record data permanently on a card, so that it can never be lost,
you can clip a corner of the recorded magnetic card, just as you do to permanently save a
recorded program.

Loading Data from a Card

To load data from a recorded card back into the storage registers, simply pass the card through
the card reader with the PRGM-RUN switch set to RUN. The HP-97 identifies the type of
information (whether data or a program) and automatically places it into the proper portion of
the calculator. Thus, to load data back into the calculator from a magnetic card:

1. Ensure that the PRGM-RUN switch prem I run is set to RUN,

2. Select the magnetic card with data recorded upon it.

3. Pass side 1 of the magnetic card through the card reader.
a. Data from the card has now replaced data in the 16 primary storage registers of
the calculator. In addition, if the secondary registers contained all zeros when recorded,
those zeros replace the contents of the secondary registers (Rg, through Rgg) of the
calculator. The calculator displays the original contents of the X-register to indicate that
by loading only one side, the card was loaded correctly.
b. If a second side of the card is required, the calculator prompts you by displaying
.
c. Pass side 2 of the card through the card reader to load nonzero data into the
secondary storage registers. The calculator then displays the original contents of the
X-register to indicate that the data card has been loaded completely.

It does not matter which side of the card you record or load first. The HP-97 records the
contents of the primary registers on the first side recorded, and the contents of the secondary
storage registers on the second side. (If all secondary registers contain only zero, the contents
of all storage registers are recorded on the first side. When the card is then read later, the
data is loaded into the proper registers, regardless of which side of the data card you first
pass through the reader. However, for ease of later reference, it is generally best to record
primary registers on side 1 and secondary registers on side 2.)

Whenever the calculator indicates , you can clear the display and

return control to the keyboard by pressing or any key from the keyboard. In this way, you
can record only part of the storage registers onto a card or load only part from a card.

Neither the stack nor the contents of program memory are altered in the calculator when you
record data onto or load data from a card.

Now let’s store data in some of the storage registers and see how these features of your
HP-97 work.

Example: Store 1.00 in primary register R,, 2.00 in secondary register Rg,, and 3.00 in the
I-register. Record the contents of these registers on a magnetic card, then turn the HP-97
OFF then ON. Finally, restore the data on the magnetic card to the proper registers and list
the contents of the registers to verify that the data has been loaded correctly.
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First, ensure that the PRGM-RUN switch prem [lll[[[]run is set to RUN.

Press Display

B (CLreG [o.00

[

B (cLreG 0.00 All storage registers
cleared to zero initially.
(Display assumes no
results remain from
previous examples.)

2 2 2.00
2.00 2 stored in secondary

storage register Rg,.

1 1 1.00 :
3 [ 1] 3.00 |

To record the data contained in the storage registers, first select a blank and unclipped
magnetic card. To then record the contents of the storage registers onto the card:

Press Display
(w/DATA] Crd |  The calculator prompts

you to insert the first
side of the card.

Insert side 1 of the magnetic card into the front slot of the card reader and permit it to be
passed through the reader.

Display

Crd After recording the
first side of the card,
the calculator prompts
you that it has
additional data to re-
cord on side 2.

Insert side 2 of the magnetic card into the front slot of the card reader and allow it to
pass through the reader.

Display
Indicates that all data

has been recorded on
the magnetic card.




The data that is stored in the registers remains there now, and is also recorded on the magnetic
card. Even though you turn the calculator OFF or otherwise clear the storage registers, the
data is recorded upon the magnetic card for future use. For example:

Turn the HP-97 power switch OFF, then ON.

Press Display
g.62 @
G.808 1
B.gg 2
&. 8943
6.92 4
E.66 5
8.6¢ &
6.6 7
B.eg 8
8.6 g8
@ PRINT: 6.66 O
% 6.08 £
@ PRINT: Verifies that none of 8.0 1

the storage registers,
primary or secondary,
contain data.

1

7 S
6. 68 4
B.66 -5
B, Gé &
6. E¢ 7
8. 88 5
E.E5 |
B.68 g
B.Gg D
a.dn B
6.6 I e
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Now load the data back into the storage registers by passing the data card through the card
reader. No special instructions are necessary to the HP-97—the calculator automatically l
recognizes that the card contains data, and reloads the data into the proper storage registers. i
To load the data from the card into the calculator: y

Insert side 1 of the magnetic card into the front card reader slot. Allow the card to pass
through the reader.

Display

Crd Data loaded into pri-
mary storage registers.
The calculator prompts
you that the card con-
tains data for the
secondary registers as
well.

T

Insert side 2 of the magnetic card into the front card reader slot. Allow the card to pass
through the reader.

Press Display
Original contents of

X-register again dis-
played to indicate that
entire card has been

loaded.
6.66 &
.80
6.2 2
6.6 32
8.6 ¢
8.8¢ =
6.86 ¢
@ PRINT: 6.66 7
6.06 ¢
6.2 S
g.66 &
B.66 F
g.ea
.60 [
6.0 E
.00 1
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Press Display
8.8s &
E.82 :
2. 88 <
8. 66 o
B. B4 4
K# 0.00 é. ﬁf 3
€3 PRINT: 0.00 Verifies that contents g' é‘; 'i
of data card have been » ‘f_' :_
loaded into the proper 8. E:—_’ ¢
storage registers. .04, ¢
E.EG A
E.85 £
g.62 5
g.8% bl
8.62 z
3. B8 i

You can see that all the data contained on the magnetic card has been loaded into the proper
storage registers. The data also remains recorded on the magnetic card, and can be loaded into
the calculator over and over, until you record other data or a program on that card. Data
(like programs) may be loaded into the calculator from a card in any order—no matter which
side you first pass through the card reader, the calculator identifies it and places the contents
in the proper storage registers of the calculator.

Press Display

o
o 0.00
[ 1 ] [0.00 All primary and

secondary storage
registers again cleared
to zero.

This time, insert side 2 of the magnetic card into the front card reader slot first. Allow the
card to pass through the card reader.

Display

Display indicates that

the card contains more
data to be loaded.
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Now insert side 1 of the data card into the front card reader slot and allow it to pass

through the card reader.

Press

@ PRINT:
[ 1]
@ PRINT:

Display

0.00

Card Reader Operations

Original contents of
X-register returned to
indicate that contents
of entire magnetic card
have been loaded.

Verifies that data from
the magnetic card has
again been loaded into
the proper storage
registers.

M e e
rn i R o s w B~ RV G o A TR B R v R )

L M 0 o D D 00 G D D D D ke O
-
RR e 7 b LR U TR O LU OBV IR SR R B SR U~

-

o TG R R T - TR N T

oS Mmo Mmoo amatn G
0 00 00 O O 00 X B S0 T 0D D 0h D &

D o

[
a5

LY T w RN - S 1 T SN PN I LR S v

wa I EN Oy O T

ems FPUED 0% D0 T A0 €0 TN D G B gl P e 08y

257




258 Card Reader Operations

If only the primary registers contain nonzero data when you press [l (W/DATA), the calculator

willdisplay [ Crd _Jonly until you have passed one side of the magnetic card through the
card reader. Then the calculator will display the original contents of the X-register to indicate

that you again have control from the keyboard. Likewise, if data is contained on only one
side (side 1 or side 2) of a magnetic card, you need load only that side.

You have seen how you can store data temporarily or permanently on magnetic cards with the
HP-97. Because you are able to record data on magnetic cards, the storage capacity of your
HP-97 is increased by 26 registers on each card. The amount of data you want to store is
limited only by the number of cards you have!

Now let’s see how you can load the contents of only part of the storage registers into the
calculator from a card by using the I-register and the function.

Merged Loading of Data

When using your HP-97, there may be occasions when you want to load into the calculator
the contents of only some of the storage registers recorded on a card. The EB(MERGE] function
and the I-register permit you to select the number of registers that you want to load.

Normally, when a magnetic card containing data is passed through the card reader, the contents
of all primary registers and all secondary registers in the calculator are replaced with the
contents of the data card.

However, you can also replace the contents of some of the storage registers in the calculator
with data from a magnetic card, while preserving the contents of the rest of the storage
registers. To load only a portion of the data from a magnetic card into the calculator’s
storage registers, first store a number from O through 25 as an address in the I-register. Then
press EB(MERGE) (merge) and pass the card containing data through the card reader. Data will
be loaded from the card into the storage registers, beginning with register R, and continuing
up to and including the register addressed by the number in I.

The numbers O through 9 in I, when used as an address for merged data, refer to primary
storage registers R, through Ry. The numbers 10 through 19 refer to secondary storage registers
Rgo through Rgg, while the numbers 20 through 24 refer to registers R, through R, and the
number 25 addresses the I-register itself. As is normal for I-register operations, only the
absolute value of the integer part of the number in I is significant in addressing. Also, if
the absolute value of the number in I is 26 or greater, all registers will be read in just as
in an unmerged data read.
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The illustration below should refresh your memory of the addressing scheme for the storage
registers:

Primary Storage Registers
Address

L IR -

Re [ ] 24
Ro[__ ] 23
Re[ ]2
Re [ ] 2
R[] 20

Secondary Registers
Address

Rs, 0] 19
Re [ 18
Ry, (e 17
Re BN 16
Re; (FE T 15
Re, R 14
Re; EEEEEN] 13
Re. (L] 12
P (] 1
R, EXEEE ] 10

Address

R,
Re [ ]
R ]

R ]
R[]
R[]
R[]
R ]
Ro

O = N WHeE OO OO
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To merge data from a magnetic card into selected storage registers:

1. Store in I the number address of the last storage register you want loaded from the
card.

2. Press @3 (merge) to select the merge mode.

3. Pass either side of the magnetic card containing data through the card reader. If more
data is to be loaded, the calculator will display

4. If the HP-97 display shows , pass the other side of the data card through
the card reader.

5. Data will be loaded from the card beginning with register R, up to and including the
storage register specified by the number in L.

Thus, if you had stored the number 7 in I, then pressed E8(MERGE] and loaded a magnetic
card containing data, the contents of the first 8 registers in the calculator (R, through R;)
would have been replaced by contents from the data card. The remainder of the storage
registers in the calculator would remain intact. If you had stored the number 15 in I, calculator
primary registers R, through Ry and Rg, through Rg; (the register addressed by the number 15)
would have had their contents replaced by data from the card. This includes registers contain-
ing only zero data.

Example: Store 1 X 10" in register R,, 1 X 1072 in register Ry, 1 X 10°* in register Rs;.,
1 X 107 in register Rg, and 1 X 10° in register Ry in the calculator. Record this data
on a magnetic card.

Press Display
ik 000 ]

30 1. 30
5 1.000000000 30
40 [1._____ -40]
6

(1] 1.000000000-40
o 1.000000000-40
ED 10 1. 10
1 1.000000000 10
& 20 1. -20
9

& 50 . B
o 1.000000000 50

—
(=]
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Now record this data on a magnetic card. You can record it onto any unclipped magnetic
card—it will replace whatever is on the card with the contents of the storage registers.

Press Display
3 (WoATA) Crd Calculator prompts

you to insert a
magnetic card.

Pass side 1 of the card through the card reader.

Display
Crd

Now pass side 2 of the magnetic card through the card reader.

Display

1.000000000 50

The calculator again displays the contents of the X-register to indicate that all data in the
calculator’s storage registers has been recorded onto the card as well.

Now change the data in the calculator. Store 1.11 in R,, 2.22 in R;, 5.55 in Rg;, 6.66
in Rgg, and 7.77 in Ry. Print the contents of all the registers when you are through.

Press Display
£} .gg
B Cireg) 1.000000000 50 E i,
T 1.000000000 50 All storage registers é o
B R 1.000000000 50 cleared to zero. 6.0
6.&2
Py

5.55 5 5.55 . B. G
6.66 6 666 | Data stored in 8.co

PR T B v 5 s ST B o T TR R T S 3N T 8 B

(1] E] secondary registers. 6. 63

B.E4

E.E9
Luger [ ] 7.77
2.22 5 2.22 B.BE:
7.7 o 7.77 gi;
@ PRINT: e




Press Display
6.0 O
g. a8 3
G.og 2
g, B 4
Bedd i
E.SE B

(] g.02 7

£ PRINT: [REg) 6.9 &
g.88 S
E.8g  f
Folf g
g e L
R, 86, 1

Now store the number 15 in I, press the £ function, and load the contents of the
first 16 storage registers from the magnetic card into the calculator, while preserving the
contents of the last 10 storage registers in the calculator.

Press Display
15 [ 1 ] 15.00 Merge address stored

in I.

OGEs (70 ]

Now pass side 1 of the data card through the card reader.

Display
Calculator prompis
you that additional

data must be loaded
from the card.

Pass side 2 of the data card through the card reader. Print the new contents of the storage
registers and compare them with the old.
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Press Display f
g.08; B
1.B682RBE06+1G i
8.88 .7
e.ce 2
g.eg 4
b.88 - 5 ’
g. 6% &
b6 oF
.65 & | !
1.@08668G606-26 3 8
8.8 A i
fafis &
. B8 b
Contents of X-register 6.82 D
returned to display to .82 £
indicate that all 15' 66 T
necessary data has A
been loaded from the
card into the cal-
culator’s storage g, 8a b
registers. é.ea i
@8 PRINT: 15.00 BoEa 2
& 15.00 g g{‘ ::
) « 817
@ PRINT- @) [1500 | 1. 6REERRERB+TS
8.a6 ¢
g.86 T
e.8e &
8.8¢ 85
6.6¢ g
PR
B.52 £
g.ae. - D
g.hz:. " F
15. BE I

You can see that the contents of the storage registers addressed by numbers 0 through 15 (that
is, storage registers R, through Ry and secondary storage registers Rg, through Rg;) have had
their contents replaced by data from the magnetic card, while the contents of the remaining
storage registers are preserved intact.
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When you stored an address of 15 in the I-register, pressed [l (MERGE], and passed a magnetic
card containing data through the card reader:

Primary Registers

L[ s

L — Y
Ro[ ] 23
R[] 2
Re [ ] 2
Ra[_ ] 20 The contents of these
registers remained intact.
Secondary Registers
2 — T
Ra[ 118
N — T
R[] 16
Rs[ ] 15
R[] 14
R[] 13
R[] 12
i — Y
Ro[ ] 10
Rs 9 The contents of these
R BT s registers were replaced
R, [:] 7 by data from the magnetic
R e
A, BT 5
R, B 4
R, EEEE 3
R, R 2
R, EEEEEEA 1
R, EEEEEE o
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el
If you do not wish to load or record data when the calculator displays , you '

can press any key to return the contents of the X-register to the display, then continue with
your calculations. This allows you to load only the primary or only the secondary registers
from a card without pressing [l (MERGE].

As soon as you have finished loading data or pressed any key from the keyboard, the K
function is forgotten. You must press it each time just before you merge data.

For example, if you load data from the magnetic card now without pressing [ first,
the contents of all storage registers in the calculator will be replaced by data from the card.

Pass side 1 of the data card through the card reader.

Display ‘
Crd %

Now pass side 2 of the data card through the card reader.

Press Display
E.ck @
1.8B8BERAGRA+ ] 2 2
g,k Z
B.24 4
6.86 4
- R
(1500 | e
@ PRINT: @9 [1500 | G.86. 7
- g.58 g
i.e680680806-28 S
B.Ba A
1.8806REABB+5A B
8.88 €
B.@g . D
B.Ba - E

b.ag
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Press Display
g. ag 7
B6.85 1
g.a4 Z
E.88 3
g, 88 9
1. BEREGEEAE+3E o
n ..@@@@@@@@g :-:;:. f:;'
@ PRINT: (9 606
6. 58 2
E.58 A
{.BBRRRRGAR+ S 2]
B.an C
g. 82 o
6,58 £
6.53% i}

Note that when the card was recorded, many storage registers, including I, contained zero.
When the card was then read and data loaded into the calculator, the zeros in these registers
replaced the previous contents of their corresponding registers in the calculator.

Pausing to Read a Card

As you know, the [ instruction in a program retums control from the running
program to the keyboard for the length of a pause (about one second). You have already
seen how 3 can be used in a program for output (to display information contained
in the X-register) or input (to key in numbers). You can also use a [PAUSE ] to load data or a
program from a magnetic card into the calculator.

You can pause in a program for any or all of the following operations:

. Loading a program from a card into program memory.

. Merging a program from a card into a selected part of program memory.
Loading data from a card into the storage registers.

Merging data from a card into selected storage registers.

T

These operations are used the same way as part of a program as you would use them from
the keyboard. If you desire to merge data or a program from a magnetic card into the calculator,
a merge instruction, [} (MERGE], must be executed as an instruction or pressed immediately

before the magnetic card is passed through the card reader. In addition, for a merged data
load from a card, the proper address must be first placed in the I-register at some point,
whether from the keyboard or as part of the program.
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To use to load a program or data from a magnetic card into the calculator while
a program is running:

1. a. Place an 3 instruction at the point in the program where you want to load
the data or program.

b. If the data or the program from the magnetic card is to be merged with that in the
calculator, insert an 3 instruction immediately preceding the B
instruction.

c. Ifdara is to be merged into the registers, ensure that the proper address number has
been placed in I, either from the keyboard or from the program.

2. Slide the PRGM-RUN switch pram ll[[[Irun to RUN.

3. Initialize and run the program.

You may go ahead and insert the leading edge of the first side to be read into the card
reader now, while the program is running. (Insert the tip of the card firmly into the front
card reader slot, but do not attempt to force the card in. This may take practice.) You
need not hold the card—merely allow it to rest in the card reader slot.

4. Using a [(PAUSE ], when the calculator pauses, the side of the card you have previously
inserted in the card reader slot will automatically be read during the [PAUSE]). If more data
or program instructions are to be loaded from the card, the calculator will stop and prompt
you with a display of .

5. If the calculator display shows , insert the second side of the magnetic
card into the card reader.

6. Execution will resume automatically when the card is read.

The automatic card read during even allows the programmer to be absent when the
card is read! If no card is read, the program naturally continues execution after the one-second
pause. If a complete card is not accurately read, the program stops and the calculator displays

to indicate that the read was not successful.

If you wish, instead of utilizing an automatic read during a (PAUSE], you can simply hold
the magnetic card poised in your hand and insert it during a [(PAUSE].

The data entry flag, flag F3, is set either by digit entry from the keyboard or by the loading
of data from a magnetic card. Thus you could also set up a loop using and the
data entry flag F3 that would halt the program until you pass a data card through the card
reader, then resume execution automatically.

If you wish a program to stop execution to record data on a card, simply insert the [J
instruction in the program at the point where you wish to record data. The program
will stop at the point and display to prompt you to pass a card through the
card reader slot. After starting a program running, you can even have a card *‘waiting’’ in the
card reader for an automatic recording of data onto the card.
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Example: The example shown here illustrates how you can pause to read a program from a
magnetic card and how a program from a card may be merged into a program already loaded
into the calculator. The program that you record onto the magnetic card calculates the area of a
circle from its radius, The program that you then load into the calculator performs 100
iterations, then merges the program from the card that you have waiting in the card reader into
the calculator, and finally calculates the area of a circle.

To record the program for calculating the area of a circle onto a magnetic card:

Slide the PRGM-RUN switch prem [[[IllRun to PRGM.

Press Display

0 Ceac L ooo ]
5] Loor 21 12 |
®
003 53
] (00s  16-24 |
[oos 35 |

Now select an unprotected (unclipped) side of a magnetic card and pass side 1 of it through
the card reader to record the above program onto the magnetic card.

When you have recorded the program for the area of a circle, clear the program from the
calculator and record the program that will perform 100 iterations, then will merge the program
from the card with the program in the calculator:

Press Display

0 e Looo ]
(4] (001 21 11 ]
s70 8]

1 looa o1 ]
0

0 Loos 00

1 oz — 21 01 ]
k] o 008 16 25 46 When 1=0, skip to

step 010.
1 009 22 01 Otherwise, go back to
1.

0 (010 16-62 |  Sets merge mode.
[+ 011 16 51 Pause to merge pro-

gram into calculator.

HIN 012 24
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To run the program to find the area of a circle with a radius of 15 centimeters:

Slide the PRGM-RUN switch pram [l run to RUN.

Press Display
15 The radius keyed in.
[ A] The program running.

stop and let go of the card, permitting it to “‘wait’’ in the card reader slot.

program already in the calculator, and the area of the circle calculated.

circle, | 706.86 centimeters, displayed.

To see the present contents of program memory:

Press Display
wd! #LBLA
B SEELA
az3 1
784 &
pes 5
pes Sl
a8f “2LBL)
AR5 B2l 05

RTN 706.86 BEg LTG]

B PRINT:Prcm ] | 706.86 ale MRE
a1 PSE
Ele gl ELS
gz  RCLO
g4 st
815 Fi
0ia X
L RTN
giag -5

e {r{

overwritten.

»d
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While the program is running, insert side 1 of the card containing the program for the area of a
circle into the card reader slot. Insert the card until you just feel pressure against the end, then

When the program in the calculator has gone through 100 iterations and the value in I reaches
zero, the card waiting in the card reader slot will be read, that program merged with the

If you see after the card is read, or if the card does not pass through the card
reader and you see , remove the card, clear the error by pressing any key, then
key in the radius again and restart the program by pressing E§. Then reinsert the card while
the program is running. When the program has run correctly, you will see the area of the

iy M2
o e
5 -

< D oo

b fn LR D T Ur Ty ke Py e B e 0 (5 O Vaa U ke

g MY b v B R MY g
G R WY I SR B ~ SRR T (A 0 S VT

LA o v T A O B S

(9
Le)Y
1

T

When merging programs, any instruction executed after the 8 instruction cancels
the merge ‘mode excepr a [PAUSE]. Notice, too, that while normally instructions after a
are overwritten by a new program, a after a in a program is not
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Section 15

The HP-67 and the HP-97:
Interchangeable Software

Programs that have been recorded onto cards by your calculator can be loaded and run in
your calculator as often as you like. They can also be run on any HP-67 Programmable Pocket
Calculator or on any HP-97 Programmable Printing Calculator. In fact, software (ie., a
group of programs) is completely interchangeable between these two Hewlett-Packard
calculator models—any programs that have been recorded onto a card using the HP-97
can be loaded into and run on the HP-67, and vice versa. Data cards are also inter-
changeable between the two calculators. All functions and switches operate alike on the
two calculators, with the exception of the printing functions on the HP-97 and the automatic
list functions of the HP-67.

Keycodes

You can see the similiarities of the HP-67 and the HP-97 in the illustration shown on page 272.
Although some of the nomenclature on the keys varies, the difference is so slight that you
will find it easy to operate either model of calculator if you are familiar with the other.
For example, on the HP-97 operates exactly the same as on the HP-67,
and on the HP-67 is the same as B on the HP-97.

When a program from one model of calculator is loaded into the other model, the keycode
is transmogrified to reflect the location of the function on the new model. Keycodes are
read alike on both models; first the row, then the number of the key in the row, from the
top down and from right to left. Digit keys are represented by keycodes 00 through 09,

On the HP-67, keycodes for functions that are selected by first pressing a prefix key and then
a digit key are referenced by the keycode matrix address, not by 00 through 09. On the HP-97,
however, the prefixed functions that are below the digit keys are referenced by keycodes of 00
through 09. On the HP-97, the keycodes for keys on the right-hand keyboard (except for the
digit keys) are generated with minus signs before them. For example, if you had loaded the
operation 9 into the HP-67, the keycode would be 23 09 (that is, 2" row, 3 key,
followed by the keycode 09 for the key). If you recorded that operation on a magnetic card,
then read the card to load the same operation into an HP-97, the keycode for the operation on
the HP-97 would be -63 09 (that is, 6" row, 3'% key of the right-hand keyboard, followed by
the (8] key).

271
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HP-97 Programmable Printing Calculator

ENG PRINT x
rn}n SPACE —— PRGM REG STACK

Ee— R
:

Keycodes for
these keys are

DEG

shown with
minus signs
before them.
3 row
6'" row
6" key 3 key
2" row

3 row
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Keycodes representing keys on the left keyboard of the HP-97 have keycodes with no sign
before them, so a 3 instruction loaded into the HP-97 would have a keycode of 36 03.
If that operation were recorded onto a magnetic card, and then loaded from the card into
an HP-67, the keycode for the operation in the HP-67 would be 34 03.

Although the keycodes are altered, the operations are the same from calculator to calculator,
from HP-67 to HP-97. And since each operation, no matter how many keystrokes it takes
to perform, is loaded into a single step of program memory, the steps of program memory
into which a program is loaded are the same when a program is changed from one calculator
to another.

For example, if you loaded the program for the area of a sphere into an HP-67 from the
keyboard, then recorded it onto a magnetic card, and finally passed the card through the
card reader of an HP-97, the contents of the program memory of the two calculators might
look like this:

HP-67 Program Memory HP-97 Program Memory
Step Instruction Keycode Step Instruction Keycode
001 [ (] 31 25 11 001 (1] 21 11
002 9] 32 54 002 53
003 @ 35 73 003 (1] 16-24
004 [ ] 71 004 -35
005 35 22 005 RTN 24

You can see that the program is exactly the same in the two calculators, even though some
operations are prefixed in one calculator and not in the other. Operations are always loaded
correctly for the particular calculator, so you can examine and edit the program, no matter
the model calculator into which it is loaded. For a complete list of keycodes and correspond-
ing instructions on the two calculators, refer to appendix E of this handbook.

Print and Automatic Review Functions

The only functions that operate differently between the two calculators are the automatic
review functions and pause on the HP-67, and the print functions on the HP-97. For
example, you can print a list of the stack contents with the printer on the HP-97 by using
the PRINT: function. Since the HP-67 Programmable Pocket Calculator does not
have a printer, however, the stack contents are reviewed by passing them through the display,
one register at a time, with the (automatic stack review) function.

Since the purpose of the two operations is essentially the same (review of the stack contents),
these two operations are interchangeable between the two models of calculators. If you load
a program containing a 8 instruction into an HP-67 Programmable Pocket
Calculator, then record that program onto a magnetic card and use the card to load the same
program into an HP-97 Programmable Printing Calculator, the EJ instruction from
the HP-67 will automatically be loaded into the HP-97 as an [f§ PRINT: instruction.
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274 Interchangeable Software

Similiarly, the function on the HP-97 and the 5-second (=%) pause on the HP-67 have
the same purpose—to allow you to record the current contents of the X-register while a
program is running. Thus, a instruction in a program recorded onto a magnetic card
by an HP-97 printing calculator will be loaded into an HP-67 as an pause when the card
is passed through the card reader on the HP-67. In the HP-67, this 5-second pause is
designed to give you enough time to write down or view the contents of the X-register while
a program is running.

The chart below illustrates the keys that are different yet interchangeable between the HP-67

and the HP-97.

Operation on:

HP-67

HP-97

When encountered as an
instruction by the HP-67:

When encountered as an
instruction by the HP-97:

Causes program execution
to pause for about 5 sec-
onds, displaying current
contents of X-register with
decimal point blinking
eight times.

Prints current contents of
X-register.

PRINT: (S7ACK]

Displays current contents
of each stack register se-
quentially; T, Z, Y, and X,
with decimal point blinking
twice for each stack
register.

Prints current contents of
stack registers.

PRINT: (FEQ)

Displays contents of each
primary storage register,
beginning with registers R,
through Ry, then R,
through Rg, and finally 1.
Each display is preceded by
adisplayed number indicat-
ing the register’s address.

Prints contents of all pri-
mary storage registers; R,
through Ry, R through Rg,
L.

PRINT: (SPACE)

Performs no operation.

Prints a blank space on
paper tape.
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Naturally, all other keys perform exactly the same function on the HP-67 as on the HP-97.

Note: On the HP-67 only, the five default functions ( :
above the top-row keys are present on the calculator to enhance its usability in RUN
mode and cannot be recorded in program memory. However, these same func-
tions are duplicated elsewhere on the calculator by prefixed functions, and these
prefixed operations can be recorded.

Notice that the function on the HP-67 Programmable Pocket Calculator performs no
operation on that calculator. It is used only in programs which may be recorded onto
magnetic cards and later loaded and run on the HP-97 with its built-in printer. On the HP-97
prints a blank space on the paper tape, just as if you had pressed the paper advance
pushbutton, and it is extremely useful in separating answers or portions of your HP-97
print-out.

Remember: Any program or data recorded on a magnetic card can be loaded from that card
and used in either the Hewlett-Packard HP-67 Programmable Pocket Calculator or the HP-97
Programmable Printing Calculator with built-in printer. Because the design of these two
calculators has been integrated, you can use your own program cards, or preprogrammed cards
like those in your Standard Pac or any of the optional application pacs, inany HP-67 or HP-97.

A Word about Programming

You have now been exposed to the features of the HP-97 Programmable Printing Calculator.
But exposure is not enough—to gain confidence in and fully appreciate the power of this small
computer, you must use it to solve your problems, simple and complex. Although the best
program for a given application is usually the most straightforward, don’t be afraid to
experiment, to forge into the unknown, to stamp upon your programs your own personal
trademarks. And you’ll probably want to learn some of the *‘tricks’” of sophisticated pro-
grammers to apply in your own software.

A good place to begin is with the HP-97 Standard Pac. At the end of its text you will find
detailed explanations for some of the techniques used in actual programs in the Pac. You
can also learn a great deal about programming by ‘‘reading’’ the programs in the Pac—follow-
ing them, step-by-step, to see what makes them tick, to attempt to find out why the
programmer used the steps he did.

With the HP-97 the problems of the world can be solved!
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Appendix A
Accessories

Standard Accessories

Your HP-97 comes equipped with one each of the following standard accessories:

Accessory Part Number
Battery Pack (installed in calculator before shipping) 82033A

AC Adapter/Recharger 8205 9B replﬂ €3 -9$82040A
HP-97 Owner's Handbook and Programming Guide 00097-90001
Two Rolls of Paper

Carrying Case 82035A
Standard Pac, including: 00097-13101

HP-97 Standard Pac (instruction book)

14 Prerecorded Program Cards

1 Prerecorded Magnetic Card containing Diagnostic Program
1 Head Cleaning Card

24 Blank Magnetic Cards

Card Holder for Magnetic Cards

Programming Pad 00097-13154

Optional Accessories

In addition to the standard accessories shipped with your HP-97, Hewlett-Packard also makes
available the optional accessories seen below. These accessories have been created to help you
maximize the usability and convenience of your calculator.

Security Cable 82044A

A tough, 6-foot long steel cable that prevents unau-
thorized borrowing or pilferage of your calculator by
locking it to a desk or work surface. The cable is
plastic-covered to eliminate scarring of furniture, and
you have full access to all features of your HP-97 at all
times. Comes complete with lock.
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278 Accessories

Reserve Power Pack 82037A

The reserve power pack attaches to the calculator’s ac
adapter/recharger to keep an extra battery pack freshly
charged and ready for use. Comes complete with extra
battery pack.

Blank Magnetic Cards 00097-13141

Each pack of blank magnetic cards contains 40 HP
program cards for recording of your own programs.
Any card can be labeled to indicate program title and
functions of user-definable keys. Includes personal
card holder.

Multiple Card Packs 00097-13143

Consists of three packs of blank magnetic cards (120
cards total) with three personal card holders.

Program Card Holders 00097-13142

Each package contains three program holders like the
one shipped with your calculator for carrying extra
magnetic cards.

Paper Rolls 82045A

Each package gives you six rolls of special Hewlett-
Packard thermal paper for your HP-97 printer.
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HP-97 Application Pacs i il
. . LTS
Each pac provides approximately 20 prerecorded pro- ST | d
grams in a particular field or discipline. Each comes : o
complete with a detailed instruction book and pre-

recorded magnetic cards.

Programming Pad 00097-13154

- T
Each pad provides 40 worksheets to help you develop P W Y
programs for your HP-97. “'“i""" i

To order additonal standard or optional accessories for your HP-97 see your nearest dealer or
fill out an Accessory Order Form and return it with check or money order to:

HEWLETT-PACKARD
Corvallis Division

1000 N.E. Circle Blvd.
Corvallis, OR 97330

If you are outside the U.S., please contact the Hewlett-Packard Sales Office nearest you.

Availability of all accessories, standard or optional, is subject to change without notice.
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Appendix B
Service and Maintenance

Your Hewlett-Packard Calculator

Your HP-97 is another example of the award-winning design, superior quality, and attention
to detail in engineering and construction that have marked Hewlett-Packard electronic instru-
ments for more than thirty years. Each Hewlett-Packard calculator is precision crafted by
people who are dedicated to giving you the best possible product at any price.

Switches silicon greased
for long life.

Keys double
injection-molded
for permanent, precise
symbols. Major
component
groups mated High-intensity light-emitting-

and pretested. diode display.
Gold-plated contacts.

resist corrosion. Two magnifying lenses

for clear, sharp, display
digits.

Sturdy, lightweight
plastic case.
Positive alignment of
display in window.

“Smart” card reader
for accurate reading
of magnetic cards
under manual or
program control.
Thermal-type printer for
low-noise operation.

One-piece
rechargeable battery
pack needs no tools
for replacement.

Simultaneous ac line
High quality, pretested :gg;’;‘,‘":r ;f:; battery
components mounted flush from recharger.

with printed circuit

board to resist vibration.
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282 Service and Maintenance

After construction, every calculator is thoroughly inspected for electrical or mechanical flaws,
and each function is checked for proper operation.

When you purchase a Hewlett-Packard calculator, you deal with a company that stands
behind its products. Besides an instrument of unmatched professional quality, you have at
your disposal many extras— accessories to make your calculator more usable, service that is
available worldwide, and support expertise in a host of applications areas.

AC Line Operation

Your calculator contains a rechargeable battery pack that consists of nickel-cadmium
batteries. When you receive your calculator, the battery pack inside may be discharged, but
you can operate the calculator immediately by using the ac adapter/recharger. Even though
you are using the ac adapter/recharger, the batteries must remain in the calculator whenever
the calculator is used.

Note: Attempting to operate the HP-97 from the ac line with the battery pack
removed may result in wrong or improper displays.

The procedure for using the ac adapter/recharger is as follows:

1. The HP-97 power switch may be set to ON or OFF.
2. Insert the female ac adapter/recharger plug into the rear connector of the HP-97.
3. Insert the power plug into a live ac power outlet.

CAUTION
The use of a charger other than an HP recharger like the one supplied with the
calculator may result in damage to your calculator.

Battery Charging

The rechargeable batteries in the battery pack are being charged when you are operating the
calculator from the ac adapter/recharger. With the batteries in the calculator and the recharger
connected, the batteries will charge with the calculator OFF or ON. Normal charging times
from fully discharged battery pack to full charge are:

Calculator OFF: 6 hours
Calculator ON: 17 hours

Shorter charging periods will reduce the operating time you can expert from a single battery
charge. Whether the calculator is OFF or ON, the HP-97 battery pack is never in danger of
becoming overcharged.

Note: It is normal for the ac adapter/recharger to be warm to the touch when it is
plugged into an ac outlet.
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Battery Operation

To operate the HP-97 from battery power alone, simply disconnect the female recharger plug
from the rear of the calculator. Even when not connected to the calculator, the ac adapter/re-

charger may be left plugged into the ac outlet.

Using the HP-97 on battery power gives the calculator full portability, allowing you to carry
it nearly anywhere. A fully charged battery pack provides approximately 3 to 6 hours of
continuous operation. By turning the power OFF when the calculator is not in use, the charge
on ‘the HP-97 battery pack should easily last throughout a normal working day.

The printer is the most power-consuming part of your HP-97, and you can maximize battery
operating time by leaving the calculator in MANUAL MANﬂmﬁﬁmnu printing mode when
printing is not necessary.

Battery Pack Replacement

If it becomes necessary to replace the battery pack, use only another Hewlett-Packard
battery pack like the one shipped with your calculator.

CAUTION
Use of any batteries other than the Hewlett-Packard battery pack may resuit in
damage to your calculator.

To replace your battery pack, use the following
procedure:

1.  Turn the ON-OFF switch to *‘OFF’" and
disconnect the ac adapter/recharger
from the calculator.

2. Slide the two battery door latches
inward.

3. Let the battery door and battery pack
fall into the palm of your hand.

4. If the battery connector springs have
been flattened inward, bend them
slightly outward again.
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5.  Insert the new battery pack so that its
contacts face the calculator and line up
with the connector springs.

6.  Insert the end of the battery door that is
opposite the latches behind the retaining
groove in the calculator and close the
door.

7.  Secure the battery door by pressing it
gently while sliding the two battery door
latches outward.

Battery Care

When not being used, the batteries in your HP-97 have a self-discharge rate of approximately
1% of available charge per day. After 30 days, a battery pack could have only 50 to 75% of its
charge remaining, and the calculator might not even turn on. If a calculator fails to turn on,
you should substitute a charged battery pack, if available, for the one in the calculator. The
discharged battery pack should be charged for at least 14 hours.

If a battery pack will not hold a charge and seems to discharge very quickly in use, it may be
defective. The battery pack is warranted for one year, and if the warranty is in effect, return
the defective pack to Hewlett-Packard according to the shipping instructions. (If you are in
doubt about the cause of the problem, return the complete HP-97 along with its battery pack
and ac adapter/recharger.) If the battery pack is out of warranty, see your nearest dealer or
use the Accessory Order Form provided with your HP-97 to order a replacement.

WARNING
Do not attempt to incinerate or mutilate your HP-97 battery pack—the pack may
burst or release toxic materials.

Do not connect together or otherwise short-circuit the battery pack terminals—the
pack may melt or cause serious burns.

To maximize the life you get from your battery pack, keep printing to a minimum and display
only the fewest number of digits necessary during portable operation.
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Your HP-97 Printer

The printing device in your HP-97 is a thermal printer that uses a moving print head to print
upon a special heat-sensitive paper. When the print head is energized, it heats the paper
beneath it. The heat causes a chemical change in the paper, changing its color. The printer
in your HP-97 prints answers quickly and quietly, and has been expressly designed to give
you a permanent record of your computations in a portable scientific calculator.

Paper for Your HP-97

Because the printer in your HP-97 is a thermal printer, it requires special heat-sensitive paper.
You should use only the Hewlett-Packard thermal paper available in 80-foot rolls from your
nearest HP distributor or sales office, or by mail order from:

HEWLETT-PACKARD
Corvallis Division

1000 N.E. Circle Blvd.
Corvallis, OR 97330

Because of the special heat-sensitive requirements of the paper, standard adding machine
paper will not work in the HP-97. Also, since different types of thermal paper vary in their
sensitivities, the use of thermal paper other than that available from Hewlett-Packard may
result in poor print quality or even in damage to your calculator.

CAUTION

To prevent damage to your calculator use only
Hewlett-Packard paper in your HP-97.

The heat-sensitive paper used in your HP-97 should be stored in a cool, dark place. Dis-
coloration of paper may occur if it is exposed to direct sunlight for long periods of time, if
storage temperatures rise above 50°C (122°F), or if the paper is exposed to acetone, ammonia,
or other organic compounds. Exposure to gasoline or oil fumes will not harm your HP-97

paper supply.

Printed tapes from your HP-97 will last 30 days or more without fading under fluorescent
light, but to ensure the permanence of your records, you should store printed tapes at room
temperature in a dark place away from direct sunlight, heat, or fumes from organic com-
pounds. For added permanence, you can copy tapes with a suitable office copier.
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Replacing Paper

To replace the paper roll in your HP-97, pro-

ceed as follows:

1.

Open the paper roll cover and remove the
empty core from the paper well.

Before inserting the new roll of paper
into the calculator, discard the first 2/3
turn to ensure that no glue, tape, or other
foreign matter is on the paper.

Fold the leading edge of the paper and
crease the fold with your fingernail.

Temporarily place the paper roll into
the paper roll cover and insert the leading
edge of paper into the slot near the
bottom of the paper well.

Turn the calculater ON-OFF switch to
ON and press the paper advance push-
button several times until the leading
edge of paper becomes visible beneath
the clear plastic tear bar.

Drop the roll of paper into the paper
well and close the paper roll cover.
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Service and Maintenance 287

When there is no paper in the calculator, the paper advance pushbutton operates, but any
operation which would normally cause printing to occur instead causes a display of

Error i

Printer Maintenance

The printer in your HP-97, like the rest of the calculator, is crafted for excellence and is
designed to give trouble-free operation with a minimum of maintenance. All moving parts in
the printer mechanism contain self-lubricating compound, and no lubrication, cleaning, or
servicing of the mechanism is ever required. You may want to occasionally remove the clear
plastic tear bar and clean it with mild soap and water solution. (Do not use acetone or alcohol
to clean the tear bar.)

You should never attempt to insert a tool, such as a screwdriver, pencil, or other hard object,
into the printer or its mechanism. If the paper tape should become jammed and fail to feed
properly, clear it by grasping the tape and pulling it forward or backward through the printer
mechanism. You can remove the plastic tear bar for accessability.

If the paper is feeding properly through the printer mechanism, but no printing appears on the
tape, the paper roll is probably inserted backwards. (The paper is chemically treated, and will
print on only one side.) Tear off the leading edge of paper, open the paper roll cover and
grasp the paper roll, and pull it backward to remove the paper tape that is in the print mecha-
nism. Reverse the paper roll and feed it back into the printing mechanism as described earlier
under Replacing Paper.

If, after reversing, there is still no printing on the tape when you press or other print
functions, remove the paper roll and insert a roll of Hewlett-Packard thermal paper.

Magnetic Card Maintenance

Try to keep your cards as clean and free of oil, grease, and dirt as possible. Dirty cards can
only degrade the performance of your card reader. Cards may be cleaned with alcohol and a
soft cloth.

Minimize the exposure of your calculator to dusty, dirty environments by storing it in the soft
carrying case when not in use.

Each card pack contains one head cleaning card.

ABRASIVE CARD FOR CLEANING RECORDING HEAD

CONSULT MANUAL FOR RECOMMENDED USE
— THIS SIDE UP —

The magnetic recording head is similar to magnetic recording equipment. As such, any collec-
tion of dirt or other foreign matter on the head can prevent contact between the head and card,
with consequent failure to read cards. The head cleaning card consists of an abrasive under-
layer designed to remove such foreign matter. However, the use of the card without the
presence of a foreign substance will remove a minute amount of the head itself. Thus, exten-
sive use of the cleaning card can reduce the life of the card reader in your HP-97. If you
suspect that the head is dirty, or if you have trouble reading or recording cards, by all means
use the cleaning card; that’s what it is for. If one to five passes of the cleaning card do not
clear up the situation, refer to Improper Card Reader Operation.
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| Service

Low Power

When you are operating from battery power, a bright red lamp inside the display will glow to
warn you that the battery is close to discharge.

[]
1.23 -23 Low Power Display

You must then either connect the ac adapter/recharger to the calculator as described under
AC Line Operations, or you must substitute a fully charged battery pack for the one in the
calculator. When connecting the recharger with the low power lamp on, allow a few minutes
with out printing for the battery to be charged and the lamp to go out.

Blank Display

If the display blanks out, turn the HP-97 OFF, then ON. If [0.00 ____|does not appear in the
display, check the following:

1. If the ac adapter/recharger is attached to the HP-97, make sure it is plugged into an ac
outlet.

2. Examine battery pack to see if the contacts are dirty.

3. Substitute a fully charged battery pack, if available, for the one that was in the calculator.

4. 1f display is still blank, try operating the HP-97 using the recharger (with the batteries
in the calculator).

5. If, after step 4, display is still blank, service is required. (Refer to Warranty paragraphs.)

Blurring Display

During execution of a program, the display continuously changes and is purposely illegible to
indicate that the program is running. When the program stops, the display is steady.

Improper Card Reader Operation

If your calculator appears to be operating properly except for the reading or loading of program
cards, check the following:

1. Make sure that the PRGM-RUN switch is in the correct position for desired operation:
RUN position for loading cards, PRGM for recording cards.

3 If the drive motor does not start when a card is inserted, make sure the battery pack is
making proper contact and has ample charge. A recharger may be used in conjunction
with a partially charged battery in order to drive the card reader motor. If the battery
has been completely discharged, plug in the recharger and wait 5 minutes before
attempting to operate the card reader.
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3. If the card drive mechanism functions correctly, but your HP-97 will not read or record
program cards, the trouble may be due to dirty record/playback heads. Use the head
cleaning card as directed. Then test the calculator using the diagnostic program card
furnished with it, following the instructions provided. If difficulty persists your HP-97
should be taken or sent to an authorized Hewlett-Packard Customer Service Facility.

4. Cards must move freely past the record/playback heads. Holding a card back or bumping
a card after the card drive mechanism engages could cause a card to be misread.

CAUTION
Cards can be accidentally erased if subjected to strong magnetic fields. (Magneto-
meters at airports are in the safe range.)

5. Check the condition of your magnetic cards. Cards that are dirty or that have deep
scratches will sometimes not read properly.

6. If you are trying to operate the calculator outside the recommended temperature range,
you may experience problems with the card reader. Low temperatures may cause the

calculator to register when a magnetic card is read.
Temperature Range

Temperature ranges for the calculator are:

Operating +10° to 40°C +50° to 104°F
Charging +15° to 40°C +59°to 104°F
Storage —40°to +55°C —40°to +131°F

Warranty
Full One-Year Warranty

All Hewlett-Packard calculators and their accessories are warranted against defects in
materials and workmanship for one (1) year from the date of delivery. During the warranty
period Hewlett-Packard will repair or, at its option, replace at no charge components that
prove to be defective, provided the calculator or accessory is returned, shipping prepaid, to
Hewlett-Packard’s Customer Service Facility. (Refer to Shipping Instructions.)

This warranty does not apply if the calculator or accessory has been damaged by accident or
misuse or as a result of service or modification by other than an authorized Hewlett-Packard
Customer Service Facility. No other expressed warranty is given by Hewlett-Packard.
HEWLETT-PACKARD SHALL NOT BE LIABLE FOR CONSEQUENTIAL DAMAGES.

Some states do not allow the exclusion or limitation of incidental or consequential damages,
so the above limitation or exclusion may not apply to you.

This warranty gives you specific legal rights, and you may also have other rights which vary
from state to state.

Warranty Information Toll-Free Number
800/648-4711 (In Nevada call collect 702/323-2704.)
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Obligation to Make Changes

Products are sold on the basis of specifications applicable at the time of sale. Hewlett-Packard
shall have no obligation to modify or update products once sold.

Repair Policy
Repair Time

Hewlett-Packard calculators are normally repaired and reshipped within five (5) working days
of receipt at any Customer Service Facility. This is an average time and could possibly vary
depending upon time of year and work load at the Customer Service Facility.

Shipping Instructions

The calculator should be returned, along with completed Service Card, in its shipping case
(or other protective package) to avoid in-transit damage. Such damage is not covered by
warranty, and Hewlett-Packard suggests that the customer insure shipments to the Customer
Service Facility. A calculator returned for repair should include the ac adapter/recharger and
the battery pack. Send these items to the address shown on the Service Card.

Shipping Charges

Whether the calculator is in-warranty or out-of-warranty, the customer should prepay ship-
ment to the Hewlett-Packard Customer Service Facility. During warranty, Hewlett-Packard
will prepay shipment back to the customer.

Further Information

Service contracts are not available. Calculator circuitry and design are proprietary to Hewlett-
Packard, and Service Manuals are not available to customers.

Should other problems or questions arise regarding repairs, please call your nearest Hewlett-
Packard Sales Office or Customer Service Facility.
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Appendix C
Improper Operations

If you attempt a calculation containing an improper operation—say, division by zero—the

calculator display will show [Error | In addition, if the Print Mode switch

wanJNorm 1S S¢t 10 NORM or TRACE, the word £RFER  will be printed (unless the

calculator is out of paper).

The following are improper operations:

[+ ] where x = 0

wherey =0and x <0
where y < 0 and x is non-integer
where x <0

Yx where x = 0

where x <0

where x = 0

where |x| is > 1

cos™! where |xL is > 1

B wherex =0

& where n = 0

® where n < 1

(), 8 (n, (], B (7], where magnitude of number in storage
register (n] would then be larger than 9.999999999 x 10%,

where y = 0

where ABS (INT I) > 9
50e) [ where ABS (INT D) > 25
[ where ABS (INT D) > 25

@. 8 M. @, B [@. where ABS (INT I) > 25, or where
magnitude of number in storage register addressed by I would be larger than 9.999999999 x 10%°.

(52 @, 553 [@, where ABS (INTI) > 25
m, [@, where -999 > INT I > 19

Card reader malfunction.
Attempting to print when there is no paper in the calculator.
Attempting to record on a protected side of a magnetic card.
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Appendix D

Stack Lift and LAST X
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A number keyed in following one of these operations lifts the stack:
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94 Stack Lift and LAST X

A number keyed in following one of these keys does not affect the stack:

B8, when preceded by [+], BEE3, or digit.
FIX

@
LP

E
MERGE

} in RUN mode

b

2 BEREELELL
z ~ -

H 12| 53

3 B @

PRINT: (SPAcE)
PRINT: REQ)

©

PRINT: (PRom)
PRINT:
(0] through (9]

A number keyed in following one of these operations writes over the number in the X-register
and the stack does not lift:
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Appendix E
Calculator Functions and Keycodes

This table shows the corresponding functions that can be loaded into program memory on the
HP-67 Programmable Pocket Calculator and the HP-97 Programmable Printing Calculator.

HP-97 HP-97 HP-97 HP-67 HP-67
Tape Symbol Keystrokes Keycode Keystrokes Keycode
& © 00 (9 00

! ® 01 [ 01
2 @ 02 (2 02
k} B 03 (3) 03
4 (4] 04 @) 04
5 (5 05 8] 05
£ (&) 06 06
7 07 @ 07
g 08 08
g ® 09 B 09
. ] -62 ] 83
1s¥ 52 35 62
D 16 33 [ ] 32 53
GBS 0B s 16 31 35 64
CFE  + NI 16 22 00 [ h ICGEE) 35 61 00
~F: &3 O 16 22 01 [ h ICGEE 35 61 01
[FZ BreE 16 22 02 Qc R 35 61 02
oFZ L Rl 16 22 03 D E 35 61 03
CHS CHS -22 CHS 42
CLRE it 16-53 31 43
oLy -51 CLX 44
ros 42 0 31 63
[ ] 16 42 8 32 63
PEC ¢ JOES 16-21 [ h ] 35 41
: &= -24 ] 81
D+F [ 1] 16 45 o Nid| 32 73
nerg@ © -63 00 © 23 00
DEF1 6 -63 01 0se NE) 23 01
peez @ -63 02 (53 2 23 02
Der3 B -63 03 6] 23 03
noPy (@ -63 04 e (2) 23 04
neps 8] -63 05 3 (5) 23 05
DEPE (& -63 06 (& 23 06
DSF7 -63 07 DSP 23 07
psPs -63 08 23 08
nsre (= -63 09 ose iE)| 23 09
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h_-
HP-97 HP-97 HP-97 HP-67 HP-67 l
Tape Symbol Keystrokes Keycode Keystrokes Keycode .
fafei H @ -63 45 Ch @ 23 24 L
DEZ?! Br20 16 25 46 31 33 l
0sl; [ WeEral )] 16 25 45 o 32 33
EEY (cex) -23 43 e
CHE -13 0 Eng) 35 23
ENTH ENTER+ -21 ENTER 4 41
e¥ R 33 (o] 32 52 el
Fav 0 [© 16 23 00 0F[© 35 71 00 I
rio BEQ 16 23 01 0RO 35 71 01
Fzo DEE 16 23 02 0DFEE 35 71 02 T
FIo 0AE 16 23 03 0OFE 35 71 03 ol
FRC & 16 44 B 32 83
Iy FIX -11 0 (7x 31 23
a 0 R 16-23 35 43 —
=8 (© 23 00 1] © 31 22 00 l
se i} 23 o1 LN EEENE) 31 22 01 ,
(2] 23 02 ] B8] 31 22 02 —
cse 18] 23 03 D GEEE 31 22 03
@ 23 04 [ 1] (@ 31 22 04 :
3 5 23 05 0GEEE 3122 05 el
3 & 23 06 0 G e 31 22 06
GSB 23 07 [ 1] 31 22 07 '
23 08 0 GE (@ 31 22 08 T
(cseJE) 23 09 0 GEEE 31 22 09 T3
[aself 4] 23 11 o= 0 31 22 11
B0 23 12 [ NEEE s | 31 22 12 ——
23 13 L NeEElc) 31 22 13 g
0 23 14 0oGEE 0 31 22 14 l
E GSBR £ 23 15 a a 3122 15
£&Be aE 23 16 11 @ (Gseq (3 32 22 11 e
£SBb cse R ¢ 1D 23 16 12 (a ] ® 32 22 12
CSEc Ene 23 16 13 B (G384 8 32 22 13 ‘
GSBd 0E 23 16 14 o @ 322214 el
GZBe neE 23 16 15 B Gl @ 32 22 15 ;
CSE: @ 23 45 [ NEEEN )] 31 22 24 -
£TOR 50 (©) 22 00 © 22 00 T
cTol 0 22 01 (cTo N} 22 01 il
cToz B 22 02 @ 22 02 I
2703 B 22 03 G0 (3) 22 03 .
CTod @ 22 04 (@ 22 04 =
cToS 50 (5) 22 05 8] 22 05
CTOE ® 22 06 22 06
oTo7 GTO 22 07 @ 22 07 o
oT0E 22 08 22 08 ll
£Tno 50 () 22 09 GTO 22 09
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Calculator Functions and Keycodes

HP-97
Keycode
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HP-67
Keycode
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Calculator Functions and Keycodes
HP-97
Keystrokes
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Calculator Functions and Keycodes 299
HP-97 HP-97 HP-97 HP-67 HP-67
Tape Symbol Keystrokes Keycode Keystrokes Keycode
SN (1] 16 41 o SR 32 62
o @ (Seace 16-11 35 84
54 31 54
£TzR B[O 35-24 00 80 33 81 00
T2y 50 8 0 35-24 01 sto § - §E] 33 81 01
oToz sto - 1B 35-24 02 sTol - N B3| 33 81 02
2723 ] 35-24 03 stoll - I8 33 81 03
STag [sTo ) - BE)) 35-24 04 sTo - R0Y) 33 81 04
cTLE [sto] - JA 35-24 05 sTol - I8 33 81 05
TiE 50 8 (8 35-24 06 50 8 6 33 81 06
STeT sto] - Jaa 35-24 07 (sTo )l - MKl 33 81 07
T:E stof <} 35-24 08 stoff <} 33 81 08
T [sTo] - 1O 35-24 09 sTo )l - J O 33 81 09
T-@ an 35-45 00 80 33 51 00
T 80 35-45 01 280 33 51 01
cTo 5 18 35-45 02 -8 33 51 02
oT-3 stof - B8] 35-45 03 stof- I8 33 51 03
=T 4 -10 35-45 04 - 10 33 51 04
CT-T 85 35-45 05 sto i - 18] 33 51 05
STo§ [stof - J0) 35-45 06 [sToll - 10 33 51 06 Ll
£T-" = 35-45 07 =] 33 51 07 3
oT- STOf - | 35-45 08 = 33 51 08
2T-C sto] - 1O 35-45 09 sTo - 1)) 33 51 09
oTy stol+ 10 35-55 00 sto R+ 0] 33 61 00 |2
+1 [stol + J] 35-55 01 sTo ) + N} 33 61 01 £;
CT42 stofl + 18] 35-55 02 sto § + 18] 33 61 02
T4 sTof+ |8 35-55 03 [sTof + N6} 33 61 03
+4 [so) + I3} 35-55 04 sTo )l + O3 33 61 04
cTaE soR+ 18 35-55 05 8] 33 61 05
T4 EDaE 35-55 06 33 61 06
2T+ STO 35-55 07 STO 33 61 07
5T4E 35-55 08 33 61 08
oT4G B 35-55 09 33 61 09
ST xE st x IO 35-35 00 [sTo )l x J@ 33 71 00
STy 1 an 35-35 01 6 33 71 01
stol x 18| 35-35 02 @ 33 71 02 b
CTx3 sl < 18 35-35 03 sof x 18] 33 71 03 :
ST 4 stoll x 10| 35-35 04 sto i x §Y 33 71 04
CTxE 806 35-35 05 835 33 71 05
ETHE BE 35-35 06 STO 33 71 06
T Istol < id 35-35 07 33 71 07
T a 35-35 08 33 71 08
T stol x I8 35-35 09 STO 33 71 09
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HP-67
Keystrokes

35 02
35 03
43
-35
16-61
-41
31

HP-97
Keycode
35-24 45
35-45 45
35-55 45
35-35 45

35 00
35 01
35 04
35 05
35 06
35 07
35 08
35 09
35 11
35 12
35 13
35 14
35 15
35 46
35 45
16 43
16-42
16-43
16-44
16-45
16-32
16-33
16-34
16-35
16 53

53
16-41
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HP-97
Keystrokes
X

300
HP-97
Tape Symbol



=0t A Y A A Y A Y A Y LY Y

Index

A

Absolute value, 78
AC line operation, 282
Accessing protected registers, 66
Accessing subroutines, 177
Accessories, 277
Accidentally erasing cards, 289
Accumulations, 97
Adding angles, 87
Adding time, 87
Addition, 27
Addition, storage, 72
Address, indirect, 201
Address, merged data, 258
Addressable storage registers, 63
Advancing the paper, 25
Aligning decimal points, 41
Altering numbers, 77
Angle conversions, 84
Antilogs, 93
Application pacs, 279
Arithmetic: chain, 54
constant, 60
register, 72
simple, 27
vector, 106
Asterisk label, 26
Automatic display switching, 42
Automatic memory stack, 47
Average (mean), 100
Avogadro’s number, 64

B

Back-stepping, 135, 144
Battery care, 284

Battery, charging the, 282
Battery operation, 283
Battery replacement, 283
Beginning of a program, 119
Blank card, reading, 118
Blank cards, ordering, 278
Blank display, 288
Blurring display, 288
Branching, 153-163

301
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302 Index

Branching, indirect, 214
Branching, reverse, 221
Buffered keyboard, 25

C

Calendar Functions program, 15
Cancelling a merge code, 269
Card holders, 279
Card input, 112
Card maintenance, 287
Card packs, 278
Card reader, 112, 245-269
Care of battery, 284
Chain calculations, 29
Changing sign, 24
Changing the battery, 283
Changing the paper, 286
Charging temperature, 289
Charging the battery, 282
Charging time, 282
Cleaning magnetic cards, 287
Clearing: display, 24, 50
flags, 231
program memory, 118
stack, 72
storage registers, 70
Codes, key, 116, 271, 295
Command-cleared flags, 231
Common logarithm, 93
Conditional branching, 158
Conditionals, 159
Constant, 60
Conversions: decimal hours/hours, minutes, seconds, 85
degrees/degrees, minutes, seconds, 86
degrees/radians, 83
polar/rectangular coordinate, 89
Coordinates, 89
Correcting display entries, 24
Correcting programs, 135-149
Correcting statistical data, 105
Counter (I-register), 194
Cube roots, 95

D

N O o

i

Data cards, 251

Data entry flag, 232, 235, 267

Data storage, 63

Decimal display, 36

Decimal hours to hours, minutes, seconds, 85
Decisions, conditional, 159
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Index - 303

Decrementing, indirect, 213
Decrementing the I-register, 192
Defective battery pack, 284
Degrees mode, 84
Degrees to degrees, minutes, seconds, 86
Degrees to radians, 84
Deleting a program instruction, 146
Deleting numerical entries, 24
Deleting statistical data, 105
Dirty cards, 287, 289
Dispersion around mean, 102
Display: blank, 288

blurring, 288

clearing, 50

error, 45

formatting, 35

low power, 45
Displaying exponents of ten, 38
Display formatting, 35
Display switching, 42
Division, simple, 28
Division, storage, 73
Documenting a program, 124, 149

E

Editing a program, 135-149

Editing with the printer, 148

Ending a program, 119

Engineering notation, 38

Entering an exponent, 43

key, 27, 51

Erasing a program, 117

Error conditions, 291

Error display, 45

Exchanging primary and secondary, 66

Exchanging x and I, 192

Exchanging x and y, 49 .

Executing program instructions, 122

Exponentiation, 94

Exponents of ten: displaying, 38
entering, 43

Extracting roots, 80, 95

F

Factorials, 79

Feed, paper, 25

Finite loops, 194, 197
Fixed point display, 37
Flags, 231-234
Flowcharts, 124

o



Formatting display/printer, 35
Four-register stack, 47

Fractional exponent, 95

Fractional portion of a number, 78
Function keys, 77

Functions, 25

Functions, trigonometric, 83

¢

Gold key, 23

Go to a step number, 142

Go to, indirect, 214

Go-to instruction, 153

Go to subroutine, indirect, 214
To to subroutine, instruction, 177
Grads mode, 84

H - - - — v — - —

Halt for data entry, 169
Head-cleaning card, 287
Heat-sensitive paper, 285
Hours, minutes, seconds to decimal hours, 86
Hours to hours, minutes, seconds, 85

HP-67, 271

I

Illegal operations, 45, 291
Improper card reader operation, 288
Improper operations, 45, 291
Incrementing, indirect, 213
Incrementing the I-register, 192
Index of keyboard, 8

Indirect control, 201

Inequality conditionals, 159
Initializing a program, 137

Input pause, 173

Inputting a prerecorded program, 112
Inputting data from a card, 252
I-register, 191

Inserting a program instruction, 142
Inserting spaces, 132

Instruction, codes, 116

Integer key, 78

Interchangeable software, 271
Interrupting a program, 169

] N
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Index 305

K

Keyboard summary, 8

Key buffer, 25

Keycodes, 116, 271, 295
Keying in exponents of ten, 43
Keying in numbers, 24

L

Label instructions, 119, 124
Label search, 122

LAST X register, 58

Lifting the stack, 293

Listing, program, 114, 131
Listing stack contents, 48
Listing storage registers, 69
Loading data from a card, 252
Loading a prerecorded program, 112
Loading a program, 119
Load, pausing for a, 266
Logarithms, 93

Looping, 153

Low power display, 45

M

Mach number, formula for, 95
Magnetic card input, 112, 245
Magnetic card maintenance, 287
Maintenance: calculator, 281
magnetic cards, 287
printer, 287

Manipulation functions, 135
MANual mode, 25
Marking cards, 250
Matrix, keycode, 117
Maximizing battery life, 284
Mean, 100
Memory: program, 115

registers, 63-75

stack, 47
Merged loading of data, 258
Merging programs, 247
Mnemonics, 250
Modifying a program, 140
Moon Rocket Lander program, 112
Multiple card packs, 278
Multiplication, simple, 28
Multiplication, storage register, 73

- P



306 Index

N

Natural logarithms, 93
Negative address, 221
Negative exponent, 94
Negative numbers, 24

Nested subroutines, 185

Net amount calculation, 82
Non-printing mode, 25
Nonrecordable operations, 135
NORMal mode, 25

0

One-number functions, 26, 52
One-year warranty, 289
Operating temperature, 289
Optional accessories, 277
Output, pausing for, 171
Overflow, calculator, 44
Overflow, storage registers, 74
Overwriting X-register, 294

P

Paper, 285

Paper advance pushbutton, 25

Paper feed, 25

Paper replacement, 286

Paper rolls (ordering), 278

Pause instruction, 171, 266

Pausing for input, 173

Pausing to read a card, 266

Pausing to view output, 171

Percentages, 82

Percent increase/decrease, 83

Percent of change, 83

Permutations, 79

Pi, 81

Polar to rectangular coordinates, 90

Population standard deviation, 104

Powers of ten: displaying, 38
entering, 43

Prefix key, 23

Preserving printed tapes, 285

Primary-exchange-secondary operation, 66

Primary registers, 63

Printer, 25, 285

Printer formatting, 40

Printer maintenance, 287

Printing a program, 114

Printing a space, 132

Printing displayed numbers, 25

L L L O 1, o
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Printing stack contents, 47
Printing storage registers, 69
Print Mode switch, 25
Printing the X-register, 25
Program card holders, 279
Program cards, 245

Program editing, 135-149
Program execution, 122
Program halt, 169

Program listing, 114, 131
Program memory, 115
Programming, 111-269
Programming pads, 278
Program record, 246
Protected storage registers, 66
Protecting a card, 250
Pythagorean theorem program, 136

Q

307

Quadratic equation program, 178

R

Radians mode, 84
Radians to degrees, 83
Raising numbers to powers, 94
Random number generator, 216
Reading a program card, 112
Recall from I-register, 65
Recall from primary registers, 64
Recall from secondary registers, 68
Recalling numbers, 63
Recharging the battery, 282
Reciprocals, 79
Recording a program, 246
Recording data onto a card, 251
Rectangular to polar coordinates, 89
Register arithmetic, 72
Register arithmetic, indirect, 208
Registers: LAST X, 58

memory, 63-75

primary, 63

protected, 66

secondary, 66

statistical, 97
Reloading a recorded program, 247
Repair policy, 290
Repair time, 290
Replacement paper, 278
Replacing the battery, 283
Replacing the paper, 286



Reserve power pack, 278

Reset to step 000, 138

Return instruction, 119

Reverse branching, 221

Reviewing the stack, 48
Roll-down key, 48

Roll-up key, 49

Rounding numbers, 36, 77
Running a program, 121, 138, 145
Run/stop, 169

S

Scientific notation, 36
Scratched cards, 289
Searching for a label, 122
Secondary registers, 66
Security cradle, 277
Seed, 216

Self-discharge rate, battery, 284
Separating numerical entries, 27
Service and maintenance, 281-290
Setting flags, 231

Shipping charges, 290

Shipping instructions, 290

Sigma minus key, 105

Sigma plus key, 97

Single-step execution, 135, 139
Single-step viewing, 141
Spacing, 132

Square roots, 80

Squaring, 80

Stack lift, 293

Stack, memory, 47

Standard accessories, 277
Standard deviation, 102

Standard deviation, population, 104
Standard pac, 15

Statistical functions, 97
Statistical registers, 97

Step numbers, 115

Stopping a program, 169
Storage, indirect, 205

Storage registers, 63-75

Storage register arithmetic, 72
Storage temperature, 289

Storing cards, 287

Storing in primary registers, 64
Storing in secondary registers, 66
Storing numbers, 63

Storing numbers in I, 191
Storing paper, 285

T o
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Subroutine limits, 185
Subroutines, 177-186
Subtracting angles, 87
Subtracting time, 87
Subtraction, simple, 28
Subtraction, storage, 73
Summations, 97

Switch, print mode, 25
Symbols, flowchart, 126

T

Tape symbols, 295

Temperature range, 289
Test-cleared flags, 232

Tests, conditional, 159

Thermal paper, 285

Top of program memory, 115, 120
TRACE mode, 25

Trigonometric functions, 83
Trigonometric modes, 84
Two-number functions, 27, 53

U

Unconditional branching, 153-158
Unprotected card, 246
Unprotected registers, 63

Use of routines/subroutines, 182

v

Vector arithmetic, 106
Verifying program changes, 145
Viewing output, 171

Viewing, single-step, 141
Viewing the stack, 47

w

Warranty, 289
Worksheets, programming, 278

X

x-exchange-1, 192
x-exchange-y, 49
X-register, 47
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Service Information

Must be completed and returned with your calculator, charger and batteries

Owner's Name Date Purchased

Home Phone Work Phone
Ship-to address for returning repaired calculator

Street Address City State Zip

Describe Problem:

Model No. Serial No.
Preferred method of payment for out-of-warranty repairs. If not specified, unit will be

returned C.0.D. [J BankAmericard [J Master Charge

Card No. Expiration Date

Name appearing on credit card
[ Purchase Order, companies with established Hewlett-Packard credit only. (Include copy of
Purchase Order with shipment.)

Authorized Signature P.O. Number

L HEWLETTEPACKARD

J

i

( Calculator Catalog and Buying Guide Request Card )

A friend or associate might also want to know about Hewlett-Packard calculators. If you
would like us to send the Hewlett-Packard Calculator Catalog and Buying Guide
(with interesting articles, features and letters), please mail his/her name and
address on this postage paid Request Card.

Primary Interest:

[0 Scientific Calculators O Business Calculators O Al
O Scientific Printing Calculators
O Fully Programmable Calculators

Name

Title

/- A A Ay ng A A A A A i A A

Company

Street

e

City State Zip
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Service Card

Refer to the appendix of your Owner's Handbook to diagnose a calculator malfunction. The
warranty period for your calculator is one year from date of purchase. Unless Proof of Purchase
is enclosed (sales slip or validation) Hewlett-Packard will assume any unit over 12 months old is
out of warranty. (Proof of Purchase will be returned with your calculator.) Should service be
required, please return your calculator, charger, batteries and this card protectively packaged
to avoid in-transit damage. Such damage is not covered under warranty.

Inside the U.S.A.
Complete the reverse side of this card and return items safely packaged directly to:

Hewlett-Packard
APD Service Department
P.O. Box 999
Corvallis, Oregon 97330

We advise that you insure your calculator and use priority (AIR) mail for distances greater than
300 miles to minimize transit times. All units will be returned via priority mail.

Outside the U.S.A.

Where required please fill in the validation below and return your unit to the nearest designated
Hewlett-Packard Sales and Service Office. Your warranty will be considered invalid if this com-
pleted card is not returned with the calculator.

Model No. Serial No. Date Received

Invoice No./Delivery Note No.

Sold By:

[ FIRST CLASS

Permit No.
a3

Corvallis,
L Oregon

BUSINESS REPLY MAIL

No postage stamp necessary if mailed in the United States

Postage will be paid by:

o
Hewlett-Packard -
1000 N.E. Circle Blvd. ]
Corvallis, Oregon 97330 TR o]
]




Length

1 inch

1 foot

1 mile (statute)t
1 mile (nautical)t
1 mile (nautical)t
Area

1 square inch

1 square foot

1 acre

1 square milet
Volume

1 cubic inch

1 cubic foot

1 ounce (fluid)t
1 ounce (fluid)t
1 gallon (fluid)t
Mass

1 ounce (mass)
1 pound (mass)
1 ton (short)
Energy

1 watt-hour
Force

1 ounce (force)
1 pound (force)
Power

Pressure

1 atmosphere

1 atmosphere

1 atmosphere
Temperature
Fahrenheit
Celsius

kelvin

kelvin

kelvin

{ 41 4 U1 o (S| 4 S o (S| 4 1 4 1 4 SN 4 (1| 4 NN 4 (1 o (| 4 (1 4 1 1 4,

1 British thermal unit
1 kilocalorie (mean)

1 horsepower (electric)

+ U.S. values chosen.

Useful Conversion Factors

The following factors are provided to 10 digits of accuracy where possible. Exact values are
marked with an asterisk. For more complete information on conversion factors, refer to
Metric Practice Guide E380-74 by the American Society for Testing and Materials (ASTM).

5.4 millimeters*

.304 8 meter”

.609 344 kilometers®

.852 kilometers™

.150 779 448 miles (statute)t

-t - O N

LI T | I T |

= 6.451 6 square centimeters”
= 0.092 903 04 square meter”
= 43 560 square feet

= 640 acres

16.387 064 cubic centimeters*
0.028 316 847 cubic meter
29.573 529 56 cubic centimeters
0.029 573 530 liter

3.785 411 784 liters”

28.349 523 12 grams
0.453 592 37 kilogram®
0.907 184 74 metric ton™

=1055.055 853 joules
=4 190.02 joules

= 3 600 joules*

= 0.278 013 85 newton

= 4.448 221 615 newtons

= 746 watts”

760 mm Hg at sea level
14.7 pounds per square inch
101 325 pascals

1.8 Celsius + 32

5/9 (Fahrenheit — 32)
Celsius + 273.15

5/9 (Fahrenheit + 459.67)
5/9 Rankine

=

L[| T T

-

* Exact values.



HEWLETT Iﬂﬁr PACKARD

1000 N.E. Circle Bivd., Corvallis, OR 97330

For additional Sales and Service Information contact your local Hewlett-Packard
Sales Office or call 800-648-4711 toll-free. (In Nevada call collect, 702-323-2704.)
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