


The "Personal Computer": A Fully
Programmable Pocket Calculator
This 1 1-ounce battery-powered marvel has the computing
power of an advanced scientific pocket calculator and
is programmable as well, so it can adapt to anv number of
specia12ed uses.

by Chung C. Tung

A N ENGINEER OR SCIENTIST in need of  an on-

-{L the-spot answer in the laboratory.  a pi lot  mak-
ing an in-flight course conection, a surveyor running
a traverse in the field, a businessman estimating
returns-on-investment during a conference, a physi-
cian evaluating patient data-it isn't difficult to
think of everyday examples of people whose profes-
sions require certain types of calcula-
tions over and over again. Were one
available, a computer or programmable
calculator would obviously be of great
assistance to such people. Unfortu-
nately, you can't carry one of those
around in your pocket, can you?

You can't, unless it's battery-pow-
ered, weighs only 312 grams, and
measures only 8.1 x 14.7 \  3.4 cm,
like the HP-65 Pocket Calculator.
This new computing device is a
combination of electronic calculator
and general-purpose small compu-
ter. It offers the convenience and
easy operation of a calculator, but
its programmability makes it versa-
tile enough to fit the needs of a wide
variety of disciplines, including
science. engineer ing.  [ inance. s la-
tistics, mathematics, navigation,
medicine, surveying, and many
others.

Although the HP-65 is designed
to operate in a logical, easy-to-learn
way, it is capable of sophisticated
computat ions.  I t  has 51 bui l t - in
mathematical functions and data-
manipulation operations, a four-
regis ler  operat ional  stack,  n ine
addressable data registers, and five user-definable

Fig,1, The fist fully proqtammable pocket cal- cellaneous, and are grouped and
culatot ha. 51 pegagemmed opetations. a ,. :
1l}-step prcgram memory,nve usetderk:Àote color-coded accordingly Keysizes,

Reys, and atny magnetic Çard rcadeHecorder colors' value contrast, and nomen-
Aftet aprogrcm card is rcaditcan be ptaaed in clature have all been chosen to
the window abave the keybaad to shaw the new guide the user.

keys, It can run programs that have as many as 100
steps. There are two program flags and four compari-
son tests for program branching.

Perhaps most significant is that within its small
package the HP-65 contains a tiny magnetic card
reader and recorder, Users can store their programs
on magnetic cards for later use, or they can take ad-

vantage of hundreds of preprogrammed
cards containing programs commonly
used in various disciplines.

Keyboard Design
The HP-65 inherits its

size and shape from its
ancestor,  the HP-35. However,  i ts
keyboard layout is quite different.
Thirty-five keys control more than
eighty operations [see Fig. 1).

In the interests oflogical operation
and simplicity, many different tech-
niques were used in designing the
keyboard layout. Keys of the same
nature are grouped into clusters.
Some nomenclature has been placed
on the lower side of the keys to re-
duce busyness. Nomenclature for
mult ip le-keystroke operat ions is
color-coded to make the keystroke
sequences associative. All func-
tions are classified as immediate
[ ' .  ,x.*J,  d i rect .  inverse, or mis-

luncttons af the user dehnable keys Ari thmet ic operat ions (- , - . .  .  :  )
and data entry keys are in the same locations as on the



HP-35, Data entry keys include the digits 0 through 9,
the decimal point, the ENTERI key used for entering
values into the four-register operational stack, and
the EEX Ienter exponent) and cLx (clear display) keys.

Keys in the top row, labeled a, B, c, D, and E, stand
for user-definable functions or subroutines. In the se-
cond row, the cTo [go to), rel (label], RTN [return],
and ssT (single step) keys are used for programming.
The osc [display) key is used for formatting the dis-
play. Numbers can be displayed either in fixed-point
notation or in scientific notation with a selecied
number of digits after the decimal point.

Keys in the th i rd row. labeled t .  r  1,  sro,  nc-.  and
g, are all prefix keys. They have to be followed by one
or two more keystrokes to complete a command.

At the lower right corner of the HP-65 keyboard is
the R/s (run/stop) key. Pressing it begins program
execution. Execution of a running program halts if
an FiS step is encountered in the program.

User-Definable Keys
When power is first applied to the HP-65 the top-

row keys (a,B,c,D,E) call for the functions 1/x, \ôr,
y*, x=y, and RI (roll down the operational stack).
However, the functions ofthese keys can be changed.
elther by keyboard programming or by inserting a
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previously recorded magnetic card into the HP-65's
reader slot. The new functions ofthe keys can be writ-
ten on the card and the card inserted into the window
above the top row of keys to show the new functions.

With the five definable keys, the user can readily
change the HP-65 into a specialized calculator tai-
lored to his needs. For example, Standard Pac pro-
gram 11A, a compound interest program, changes
these keys to n fnumber of periods), i [interest rate),
PV (present value), FV (future value), and COM-
PUTE. s i  m i lar  lo keys on lhe HP-80 f inancial  calcula-
tor (see Fig. 2). StandardPac 06A, a rr-network imped-
ance-matching program, converts the HP-65 lnto an
electrical engineer's calculator. Given input and out-
put resistance, frequency, and Q, the program com-
putes the values of the two shunt capacitors and the

COMPOUND INTEREST

STD 114
::

This prograrn computes lhe answers to compound interesl prob-
lerns us na lhe basic formula

FV = pV (1 +t /100)n

n: Nlmber of  l ime (compounding) per iods.
= nterest rate per lime per od (in percenl).

PV = Present value (value at the beginn ng of the tirst time

FV = Future vâlue (vâ[re ât the end oJ n trme periods).

Any lhre€ oi the variâbles (n, i, PV, FV) can be inputs. The pro-
gram computes and slores the lourth var iabe, Input var iables
can be enlered in any order and need nol all be reentered to
change one var iable.

HP-65 User Instructions
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Fig.2. Userc may wtiletheit awn progtams and stotethem on
blank magnetic cards, ot may take advantage af many pte'
prcgrammed calds. fhls compound tnterest progtam con'
verts the calculatot inta a financial calculator.



IMPEOANCE MÂTCI]NG

A lossless nelwork is olten used lo rnatch between two resislive im-
Pedances, Bl ând R2, as shown.

O - \  RrR,-  1

Glven lhe va ues ol Rr and Rr, ihe lrequency i, and the desired ctr-
cuit Q (center frequency/deslred hâlT-power bandwidth), the vatues
oi  C1, Cr,  and Ll  cân be lound.

i .  Rr musl  aways be greaief  lhan R2 ând

PI NETWORK IMPEDANCE MATCHING

Circled nur.bers on lhe magnetic card deslgnate the regisler in
which a variable is slored.
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mize the system's tolerance to head skew and n
speed variations (see box below).

When the right-hand switch just below the dir
is in the RUN position, insertlon of a card int(
reader slot in the right side of the calculator triÉ
the motor and read circuits. All 100 program stel
the card are read into the calculator's memory.

When the same switch is in the wpRGM positio.
sertion of a card triggers the motor and writinS
cuits, and the contents ofthe calculator's memor
$.T!tten on the card. A card that has the file-pr
tab [upper left corner) clipped off will not trigge
writing circuits; the program on the card is the
protected against accidental erasure.

More information on the design of the tinr,'
reâder is contained in the article besinnine on

System Organizâtion
Like its ancestor. the HP-35. the HP-65 contair

arithmetic and register circuit, â control and tir
circuit, and three read-only-memory (ROMJ circ
In the HP-65, each ROM is actually a quad ROM
taining the equivalent of four single ROMs. Lil,
more recent predecessor, the HP-45, the HP-65

A Self-Clocking
Two-Track Recording Techniqu

When the HP 65 records a program on one ot ls sn
magnetic cards, i t  paces two side by sde tracks of vary
rnagnetic f lux on the card One kack represenls the logical
in the binary data stream cornlng from the program memo
and the other track represenls the log ca 0's. The 1 track c(
tains a flux reversa for each 1 n the data sequence and no f
change for each 0. The 0 track conta ns a I ux reversalfor ea
0 and no f lux change fof each T. ïhe diagram shows
example.

The technique is self-clocklng because there is a f lux trar
t ion for each b t.  Jhus no separate clock track is needed.

The scherae a so maximizes the system s tolerance to he
skew and motor speed var at ions. The data can be recover
correctly even i f  a lrans t ion in one track amosl overaps
transit ion in the other. By contrasl,  other two{rack schen'
usually have one clock track and one data track and may n
read data when there is only m nor rnisa ignment of clock a
data transit ions

Fig.3. fhls program canvens the HP-65 into an etectical
engineefs calculator.

series inductor (see Fig. 3).
For more information on HP-65 keys and program-

ming, see the article beginning on page 8.

Magneiic-Card Reader/Writer
The HP-65's built-in magnetic card reader/re-

corder uses mylar-based ferrite-oxide-coated cards
0.95 cm wide and 7.1 cm long. Each card can store
100 program steps or 600 bits of information. A two-
track self-clocking recording scheme is used to maxi-

Data

1-Track



has a data-register circuit. New in the HP-65 are a pro-
gram storage circuit, a card-reader control circuit.
and a card read/write circuit. Fig. 4 is a photo of the
components and Fig. 5 is a block diagram.

The doto register circuit is made up of ten address-
able data registers of 56 bits each, enough to store .1.1

digits each. Data register 0 is used to implement a
LsTx (last x) function and always contains the pre-
viously displayed number. Registers 1 through g are
addressable from the keyboard. Addresses and data
are transferred between the data register circuit and
the arithrnetic and register circuit by wa1' of a bidirec-
tional BCD bus.

The progrom storoge circuit stores the user's pro-
gram. Each program step is stored as a six-bit rvord.
There are 100 words of storage

The program memory is designed to ac1 l ike a ca-
rousel. The menory is implemented in a dvnamic
shift register. Program words, a pointer, and a begin-
ning-of-memorl marker circulate continuously in
this register. a complete circulation taking approxi-
matel \ '  31? mi l l iseconds. The pointer always points
to the next program rvord and can move freely rvithin
the memor\,. Thus program steps can be inserted into
the program or deleted from it at âny point, without
re-keving the other steps. Addressing is s1'mbolic
rather than absolute, and label-searching hardrvare
is built into the program storage circuit.

When the calculator is in use, every keystroke
places a corresponding keycode on the 11 (instruc-

Fig.4, tnside the HP 65.

t ion addressl bus. This code is stored in the buffer of
the program storage circuit. If the calculator is in
wpnctt mode, the code is then inserted into the pro-
gram memory. If the calculator is in RUN mode, the
keystroke is executed.

When a stored program is executed, the pointer
points to the next executable memory word and the
buffer contains a copy of that word. The buffer con-
tents are decoded and placed on the Is bus as a
microinstruction that causes the calculator to enter
a subroutine in the ROM to service the kev that was
pressed.

Card Reader Circuits
The cord-reqder control circuit and the program

storage circuit together form a complete memory cir-
culation path. When the HP-65 is used as an ordinary
calculator the card-reader control circuit merely
short-circuits the data-in and data-out l ines of the
program storage circuit.

When a card is being read, the card-reader control
circuit places the outputs of the head sense amplif ier
onto the data-in l ine of the program storage circuit.
When a card is being written the card-reader control
circuit takes the memory words in sequence and
transforms them into recording signals for the head
write amplif iers.

When two unsynchronized sequential memories
like the program memory and the magnetic card are
working together, t iming and control are crit ical.
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Fig- 5, Atchitecturc af the HP-65 is stack and bus ariented' like ea iet HP packet calculalors

Ne.w clrcurts are the progtam storcge cicuit, the cad-reader contrcl citcuit' ând the catd

rcadlwrite ctrcuft

Therefore, during reading or writing the card-reader

control circuit assumes control of the program mem-

ory and controls the movement of the pointer'

Thus only limited handshaking is needed between

the card-reader control circuit and the program stor-

age circuit.
The mognetic-card rcodlw te circuit is a bipolar

LSI (large-scale-integrated) circuit. It sewes as the in-

terface between the magnetic read/write head and

the card-reader control circuit. There are two identi-

cal channels on the chip, each consisting ofa read am-
plifier, a threshold detector, a latch, and a write am-
plifier.

The read amplifier takes a one-millivol
from the head, amplifies it approximately 2

and feeds it into the threshold detector' The

removes noise and triggers the latch to provi

ic sisnal to the card reader control circuit T

u*p1ifi". takes logic information ftom tl

reader control circuit and transforms it into

ins cunent that flows through the induct:

anà generates the flux that magnetizes the

The read/write circuit also provides a dc m

trol circuit that regulates the widely varyin

voltage so the card-reader motor runs at

speed.



Acknowledgments
The HP-65 is the creation of a large number of peo-

ple rvho contributed their efforts with great enthu-
siasm and engineering professionalism. The support
of the IC departments of the Loveland and Santa Clara
Divisions, and of the Loveland hybrid circuit depart-
ment, was indispensable. Special acknowledgments
are due Bill Hewlett for his encouragement; Tom
whitney and Paul Stoft for their directlon and help
in âdministrat ion and coordinat ion between a
number of departmentsi Tom Osborne for valuable
discussions and suggestions; Allen Inhelder, Darrel
Lauer, and Ed Liljenwall for industrial design-their
consistent human engineering consideration is parti-
cularly valuable to a simple, elegant keyboard de-
sign; Dave Cochran for card read/write circuit de-
sign; Rich Whicker for the design of the card-reader
control circuit; Bob Schweizer for valuable sugges-
tions on the design ofthe read/write principle and cir-
cuits and for help on system breadboarding and simu-
lator design; Clarence Studley and Bernie Musch for
packaging and mechanical part design; Bob Taggart
for his creative design of the card reader mechanism,
with the able assistance of Dick Barth; John Bailey for
help on the motor and head switches; Bill Boller lor
his c lose l ia ison with Manufactur ing Div is ion;
Homer Russell and his team for applications soft-
ware support. Special thanks are also due the tool de-
signers of Manufacturing Division, whose creative,
outstanding tools made the state-of-the-art plastic
oarts for the HP-65 nossible.0

SPECIFICATIONS
HP-65 Programmable Pocket Calculator

operales of reÔhârgeabie baltef es or ac

TR GONOIMETFIC:sln x.  arc s in x.  cos x .  arc cos x . lan x .  arc lan x lghl  emn ng dole (LED) dispay

LOGARITHMIC: IÔ9 X .  INX. EX .  1OX APPLTCÀTION PROGFAM PACS:

OTHER vx.vT. l /x.  n.  x2.  nL.  conversion bêtween decimat ange SlandardPac(rTmscelaneolsprograns2dagnost ics, lhêadcleaningca.d,
deqrees/minltesr'seconds, radians or qrads. reclangùlarrpo a. cootdinale 20 blank cards)

conversion . declmal/octa cônversiôn . degrees(hours)lm .utes sêco.Cs Malh Pac I (40 mâthemâlicâl prog€ms)

arùhmetic. inleg€r/iracton lru.ôarlon Mâtlr Pac | (33 malhematica programs)

OTHER FUNCTTONST Slal Pâô {37 statislicaLprogrâms)

FEGISTER AFIITHIMETIC: Addilion, sublraclion mutipicâllon or dv s o. In Sttoey Pac I (34 suûeylig programs)

se al, m red seriâ|, chaln of nlxed chain calculatons Medical Pac | (33 nedical programs)

FEATUnES: EE Pac l (35 ê ætca engneer ing programs)

D ISPLAY Up to 1 0 signillcant digits plus 2 d 9 I èxponeni and appropn ate s gns PowE F I
DYNAÀ4 C RANGE IO-991o 1099 AC: 115 0r 230 V. a1o%, 50 lo 60 Hz, 5 wal ls

Pnmâry fu.ctions activated by single keystokei arernàre luncrons use prenx BÀTTEFY: 500 mW dêrved irom nicke-cadnium rechargeable baltery pâck.

keys WEIGHT: 11 oùnces (312 g) wlh banery pack Recharge: 5 ounces (155 g).

Flvê us€r dei inabe keys SHIPPING WEIGFT: approx.3lbs (1 4 kg)

FouÉregisler operationa stâck oIMENSIONS:
Prografi m€mory lor storage ol up to 100 sleps LENGTHT 5.6 in (14 7 cm)

S ngle step running and/or nspeôtion ol â progrâm w DTH] 3 2 n (8.1 cm)

Insert/deiete editing features HEIGHT 0.7 to 1 4 in (1 8 to 3 4 cm)

Nine addressablê memory rêgislers TEMPEFATURE EANGES:
Last X reoister lor etror coireclion and number r€usê OPEFATING: 32"F to 104'F (0'C to 40'C)

Ttro I ags lor skip or no-sk p programming or branching to anolher pari oi prô! ram CA R D READ ERr 50'F to I 04'F ( 1 CrC lo 40'C).
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