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Photo 1: Hal Chamberlin’s
home built HAL-4096
computer system, built in
1972, This system, which
Is still in service handling
10 for an IMP-16 micro-
computer system, features
TTL logic, a 16 bit word
length, 16 registers, 4 K
bytes of magnetic core
memory (a surplus |BM
1620), and  priority
interrupt.

The First Ten Years of Amateur Computing

If one could find a
specific date for the birth
of personal computing, it

would be May 5 1966.

B4 July 1978 © BYTE Publications Inc

Sol Libes

President, Amateur Computer Group of New Jersey
995 Chimney Ridge

Springfield NJ 07081

Most people | meet are under the mis-
taken notion that personal computing
started only two or three years ago, with the
introduction of the Altair 8800 by MITS.
Nothing could be further from the truth.
In fact, the amateur zomputing hobby
was then almost ten years old.

| therefore decided to write this article
to set the record straight, give credit to the
early pioneers in this hobby and shed some
light on the early history of microprocessors.

If one could find a specific date for the
birth of personal computing, it would be
May 5 1966. For it was on that date that
Steven B Gray founded the Amateur
Computer Society and began publishing
a quarterly called the ACS Newsletter.

The newsletter exchanged information
on where to get surplus computer gear, how
to build not too complicated circuits, where
to get integrated circuits, tips, experiences
and where to get help. By the end of 1966,
the Society reported that it had over 70
members.

1966 also saw the publication of the first
books on how to build a home computer.

Typical was We Built Our Own Computers
by A B Bolt and published by Cambridge
University Press.

In January 1968, a survey in the ACS
Newsletter reported that two amateurs
had their home built systems up and
running and that many others were actively
working on their systems. The survey
indicated that programmable memory sizes
ranged from 4 to 8 K with some as high
as 20 K, all magnetic core of course. Tele-
types and Flexowriters were popular for
10. Clock speeds ranged from 500 kHz to
1 MHz, with the average 500 kHz. Most
used discrete transistors, and a few reported
using those new and hard to come by RTL
integrated circuits. Instruction sets were
small, ranging from 11 to 34 instructions.
Word sizes were from four to 32 bits, with
12 bits the typical number. Registers ranged
from two to 11, with three most common.

 Most reported that they had been working

on their machines for about two years.

e Apr issue of Popular Me-
chanics reported on ECHO IV (Electronic
Computing Home Operator), a home built
computer constructed by |im Sutherland.
It had four registers, used a|Sbit word, had
8 K bytes of core memory, 18 instructions
and a clock speed of 160 kHz.

In December 1968 Don Tarbell (now
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Electric Corp., checks over
suburban Pittsburgh home.

household budget and even

PITTSBURGH (AP) — Tired
of having people tell you what
to do? Brace yourself--for the
worst.

A new commanding .voice is
being heard across the land.
It's only a whisper now. But
someday it might be roaring at
you in your home,

1’s a computer.

Nowadays, computers aren't
bothering you. There are only

s

Jim Sutherland, a computer §

computer will take charge—and tell Sutherland and his
wife what's needed in groceries, how to handle the

Computers Seen as

Boss of Household

By BOB VOELKER
% “iifother's Little Helper”

‘| shopping lists.

il to buy. :

Now, he's busy programming it; |

'that is, telling it what he wants
it to do.

Later, the computer will take
charge--and tell Sutherland and
his wife what to do.

Household Bookkeeping

Initially, Sutherland is setting
up programs to handle house-
hold bookkeeping and to prepare

He says home computers even-
tually will:

~keep an inventory of grocer-
ies on hand--and tell you what

~keep track of family finan-

kidry
m&wim.

e B

T

pecialist at Westlnghous_e
the computer built at his
After programming, the

—

T

predict the weather.
(AP Wirephoto)

r|say something like:

ces--and tell you what luxuries
to cut out.

--prediet the weather--and tell
you to wear an overcoat.

~keep track of your diet--and
tell you to lay off the booze.

No Talking Back

There's no talking back to the
compufer. All you can do is
listen--and squirm.

Sutherland, who dubbed his
computer ECHO-IV for Elec-
tronic Computer for Home Op-
erations, says:

“Actually, the npumber of
things, ECHO-IV will do around
the home is almost unlimited,

“For instance, I plan to even-
tually hook up television sets to
the system. When my wife, Ruth,
or one of our three children
wants to leave a message for
other members of the family,
they'll simply type it into the
computer which will display the
message on the TV screens.”

Could Aid Golfer

Sutherland says a computer
could be set up to tell a golfer
what's wrong with his swing,
He would swing at a stationary
ball, and the computer would

“You didn't keep your head
down, you jerk."

He predicted computer maga-
zines will be published some day
telling about new challenges and
successes and presenting
“‘game’ problems.

He predicts computer tapes
and records will be available
much like today's recordinﬂ
tapes and records. A person wi
buy a tape, say for bookkeeping,

But they hav I |
on your home-with invasion i
mind. They'll probably sneak
under the _.innucent-soundtm
! guise of ‘‘mother’s little helper.

“Jim Sutherland, a computer,
specialist at Westinghouse Elec-,
tric Corp., is among those who
foresee the invasion, Matter of
fact, he's aiding and abetting

¢ a fiendish eyj

a relative handful around; and
they're busy doing things like
running steel mills and chewing
" un mountains of banking data.

il i
a Sutherland, 33, has built a
computer in the basement of
cuburban Plum Borough home

‘| personal data,

then program into it his own

Sutherland put together his
computer from obsolete parts
and some equipment borrowed
from Westinghouse. He estima-
tes such a computer is worth
about §10,000.

In time, he says, the cost will
be reduced considerably. He
feels people will start tinkering
with home computers when the
cost becomes comparable to that
of early model color television,

5

Then, the invasion starts in
earnest,
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While Jim Sutherland checks his homemade computer, daughter Sally Is biittoned up for rain by her
mother, Jay and Ann look over food, one of many household items managed by selective device ECHO-IV',

ECHO TO DO 600 HOUSEHOLD TASKS
Computer Carries Family Load
In Engineer’s Suburban Home

By DENNIS CASEY
r festGorelte Stal Writer

Days of compiling shopping lsts
fnr trips to grocery stores are never
over {or Mrs. Ruth Sutherland, who
will find out exactly what foods she
needs by asking
hushand built in thelr Plum Borough
home, ' :

And I you think that sounds
"1984ish," get a load of this: The com-
puter, which look innocuous enough
in the Sutherlands' basement, will
keep track of famlly finances, pre-
dict the weather, run digital coded
computer clocks, turn television srts
and radios on and off, print vecipes
are eontrol the house temperature.

And all that |s just a start. accord.
Ing tn James Sutherland, 33, whose

<family lives in a splitlevel home at
=57 Havana Drive. Sutherland, a
"testinphinuse Eleetric Corp. compu-
v sy otems engineer, plans for his
v ohone eventually to perform 600
P ke 1w e I""‘Iﬂ[‘. = 4 Feer

the computer her -

< camputer comidetaly

For Jim, the compunter 1s the eulmi
nation of a year's lihor of love, dur-
Ing which he used divcarded computer
components and spaie tme to work
on the machie “T started it mostly
just as a hobby.," he ~aid. "It was a
way to unwind afte! coming home
from work."

Jim deslgned the campnter from
scratch, making w trmatic sketches
and mooching oh=oiete computer
components from his ~ompany.
“They were gind {n give them to
me,"” he sald,

The compuler. which Jim dubhed
with the acranym FCHOJIV (Elee.
tronic Computerr
tion), stands atewr « 5 fert high and
takes pboul sever |ort al finor sparce
at one end of tne family's hase’
ment.

Jim figures that tn prelpaem the
iweph he e

f+v Heme Opera-’

plained means “give it directions on
what to dn') will take him about ten
years of work In his spare time,

Ciocks in the Sutherland home al
ready are set up to run from the
computer, as does one in the livifg
room. It Is a clock without hands or
the conventional arabic numerals, It
ronsists of sets of lights, which flash
vnoand off

“The Kils could 1ead this before
regular  clncks,” he mused  while
mlancing up at it. "We have one regu-’
lar clock - that's in the kitchen stove,
s0 we eouldn't do top much ahout it.”

Jim has two daughters, Sally, 6,
and Ann, 10, and a son, Jay. 19
months, Jim said hus son shows a
penchant for computers as he plays
around ECHO and diags pieces of
wiring areemd with him. [t's easy to
imagzine Jay 15 years from now ask.
rg the computer if he ear use the

iy nroevenme cor will the cone
Neowte s e o hed o oeaes then ™)
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HOMEMADE PROGRAMMER'S DESK contains keyboard, page printer, paper tape punch and paper tape reader

A Cbmputer in the Basement?

Jim Sutherland’s home-built computer is not very sophisticated by
today's standards—or tomorrow’s. But as it takes on more tedious house-
hold tasks, it's proving what can be expected of the future home computer

By GLENN INFIELD

HERE HAVE BEEN many predic-

tions that the home of tomorrow
will be radically different from the
home of today, because it will be run
by a computer, But no one knew pre-
cisely what a computer could do in the
home until Jim and Ruth Sutherland of
Pittsburgh, Pa., designed, built and pro-
grammed “ECHO IV.” ECHO means
Electronic Computing Home Operator,
and building it has been a family affair.

Jim is a computer-systems design en-

APRIL 1968

gineer with Westinghouse Electric
Corp., and his wife, Ruth, is a home
economist. Their home-computer ven-
ture began two years ago when, as a
hobby, Jim started buying obsolete
computer parts and sketching logic cir-
cuit diagrams. Actual wiring of 11
printed-circuit module mounting pan-
els began as soon as the design stage
was completed. Within the year, ECHO
was running simple programs but was
limited by an inadecquate input-output

77
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SUTHERLAND goes over the intricate wiring required
to build ECHO. Each of four units hes such a panel

capability. To overcome that handicap,
Jim produced a programmer's desk
consisting of a keyboard, page printer,
paper tape punch, and paper tape read-
er in oiled walnut enclosures.

Before the end of the second year
what was formerly the family base-
ment playroom had been taken over by
the home computer and its peripheral
equipment and Ruth was wondering,
“Will it replace me?”

She isn't worried about this now,
since she has learned that home com-
puter programs must first be flow-
charted by someone who knows home-
making. Flowcharts define the job
graphically, so that the programmer
and the user can understand each other.

Usually, sherteuts and time-saving
features show up when the flowchart is
prepared for a task prior to translating
it into computer langzuage, Later. if pro-
gram revisions are needed. the flow-
chart provides a quick review of how
the program operates, Changes and/or
corrections in the flowchart can easily
be inserted into the program listing of
instructions.

The Sutherlands feel that if the
homemalker programs some of her own

78

RUTH SUTHERLAND programs computer which can
control temperature, set clocks, tabulote home bills

tasks, she will better understand how
the computer operates and bhecome
skilled in determining best household
applications.

Simple keyboard entry and printer
output routines were the first ECHO
programs the Sutherlands wrote, These
were followed by the paper tape input
and paper tape punching routines. Sub-
sequently these programs permitted
other, more complicated programs to
be entered into the computer, verified
on the printer, and stored permanently
on paper tape. Jim is now devoting his
time to writing such programs as multi-
ply, divide, multiple precision add, sub-
tract, and message writer routines.

As more jobs are loaded into ECHO,

INPUT-OUTPUT UNIVS are made from an electric
typewriter keyboard and a surplus teletype printer

i i

BN J

POPULAR MECHANICE

i 0 T S ——— A Y ey e 0T (8

its core memory
8192 words may be
when Jim will 1
magnetic-tape au»
units. The compt
commands—or mi
structions—which
computer prograi
memory for futur
larger programs wi
tape and loaded
when needed.

Now that the bas
ning in ECHO IV,
planning to deleg
bookkeeping to the
ing monthly budg
for monthly expend
suming job that E(
simple end-of-the-n
cifically, when Ap
income-tax deductic
and grouped so tha
filled out readily.

One important t
performs reliably is
hour portion of bhir
clock displays foun
rooms of the Suther,
signed and built the

ECHO with two of the fron




rograms compurer which can
ot clocks, tabulate home hills

etter understand how
yperates and become
nining best household

ard entry and printer
were the first ECHO
therlands wrote. These
y the paper tape input
unching routines, Sub-
programs permitted
nplicated programs to
tl' -omputer, verified
n. .ored permanently
im is now devoting his
uch programs as multi-
iple precision add, sub-
ge writer routines.
are loaded into ECHO,

§ are made from an eleciric
and a surplus teletype printer

d-lﬂl_;-m-h-u. [0 . - e e

s core memory storage capacily of
8102 words mav be exceeded, and that s
wien Jim il begin building some
magnetic-tape auxiliary bulk memory
units, The computer understands 18
commands—or machine language in-
Jructions—which can be arranged into
computer  programs and  stored in
memory for future use. Some of the
larger programs will be stored on paper
tape and loaded into the computer
when needed.

Now that the basic routines are run-
ning in ECHO IV, the Sutherlands are
planning to delegate the chores of
bookkeeping to the computer, Tabulat-
ing monthly budgets and accounting
Sor monthly expenditures is a time-con-
-uming job that ECHO will reduce to
simple end-of-the-month routine. Spe-
cifically, when April 15 rolls around,
income-tax deductions can be identified
and grouped so that tax forms can be
filled out readily.

One important task which ECHO
performs reliably is the updating of the
hour portion of binary-coded decimal
clock displays found in four different
rooms of the Sutherland home. Jim de-
signed and built the timepieces several

vears ago, and even though the clocks
have no hunds, the children learned to
tell time by them before they under-
stood ordinary clocks,

ECHO will also be programmed to
keep track of real time so that events
can be scheduled up to a year in ad-
vance with one-second accuracy. Ruth
isn't interested in running their home
on a second-by-second schedule. but
she feels Jim won't be able to make
excuses about forgetting birthdays and
anniversaries ever again.

Ruth believes that the kitchen is
where the computer will really perform
well and save time in routine jobs. Reci-
pes will be increased or decreased pro-
portionately to provide any number of
servings, with the necessary shopping
lists printed out automatically.

“To be really effective,” Jim says,
“the computer must know how much
and what kind of food is on hand so al-
lowances can be made in shopping
lists.”

Jim plans to modify the kitchen cab-
inets to allow ECHO to take inventory
automatically. Later, as more complex
programs are tried, the computer will

(Please turn to page 209)

ECHO with two of the front panels removed. Computer takes about 20 square feet of basement floor space
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SULAR MECHANICS

COMPUTER IN HIS BASEMENT

(Continved from page 79)

generate balanced menus with specific cal- |

orie and nutrient content, from which the

family can seleet their meals in advance. |

ECHO provides the Sutherlands with a
proving ground for experimental family
games, The Sutherland children—Ann, 11;
Sally, 7; and James Scott, 2—are looking
forward to programming and playing
games on the computer. As television dis=
plays are added to the system, many new
games involving logic and strategy will
provide family entertainment.

Recently Jim connected his color TV to
a controller that will eventually allow
ECHO to regulate the TV schedule. For
instance, on a school night, the children
might have to answer correctly some key
questions via the keyboard before ECHO
will switch on the set. The antenna rotator
will also be controlled by ECHO to insure
proper alignment of the antenna with the
corresponding channel number entered
through a control keyboard. This way, one
manual entry directs both set and antenna
to the desired channel.

Automatic temperature control

Jim will experiment with the computer
as a temperature-controlling device for
the home. After interrogating weather in-
struments on the outside of the house, the
computer will be programmed to compen-
sate for weather changes and make auto-
matic temperature and humidity adjust-
ments on the inside. Purely for his own
interests, he hopes to use ECHO as an aid
in short-term local weather ?rediction.
Jim has a degree in meteorology from
Penn State University, which was re-
ceived while he was on active duty as a
weather officer in the U.S. Air Force, He
and Ruth also hold degrees from the Uni-
versity of Missouri which Jim attended
through a Westinghouse scholarship won
in a National 4-H Farm and Home Electric
contest.

The Sutherlands are pioneers in the
field of home computers and undoubtedly
will discover that the best computer ap-
plications will evolve through everyday
experiments. Although many of the uses
planned for ECHO sound impractical and
impossible, Jim notes that many of today's
computers and their uses would have
sounded farfetched to people 20 years ago.

For instance, at age 15, Jim constructed
a model electrified farm to show various
farm groups how they could do more work
with the aid of electricity. “Several na-
tional magazines carried stories on the
project; the one I value most appeared

(Please turn to page 229)
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JPULAR MECHANICS

BIG RISE OF LITTLE SINKERS

(Continued from page 220)

visibility, however, marine scientists and
others with business in the deep are glad
to pay substantial sums to use the small
subs, The Navy, for one, leases a number
of them for work on the development of
military undersea techniques—submarine
communication, detection and weaponry,
Others use them as workboats for under-
sea construction, surveying, salvage, min-
eral prospecting and inspection of under-
water equipment such as cables.

Daily rent $300 to $10,000

What does it cost to hire one? Prices
vary, depending on the size, payload and
depth capability, but a rough rule of
thumb is $1 or 82 per foot of depth. The
smallest, shallow=diving subs rent for $300
to $500 a day, but you could pay as much
as $5000 to $10,000 a day for the deeper-
diving vessels.

Obviously, it's too expensive for joy-
riders, so the money goes for jobs that are
worth doing and worth risking in the
harsh, alien, unforgiving deep seas.

Remarkably, not one life nor one small
sub has been lost to date. Let’s hope no one
gets overconfident. ¥ Kk

COMPUTER IN HIS BASEMENT

(Continued from page 209)

in March, 1949, in Popular Mechanies.”
Jim reminisces.

In that same issue, there was an article
describing the first electronic computer
built by Echert and Mauchley at the Uni-
versity of Pennsylvania. One of the pre-
dictions made then was that “Computers
in the future might have only 1000 vac-
uum tubes and perhaps weigh only one
and one-half tons."

However, since that time, transistors
have replaced tubes and today's inte-
grated circuits are replacing transistors.
To illustrate the radical reduction in size
which has been made possible by molec-
ular electronics, one need only note that
space-age computers now weigh only a
few pounds.

“Computers are capable of being pro-
grammed to perform important household
tasks today, but when we look ahead 20
years, even our wildest expectations will
probably seem pale when compared to
what ECHO, 1987 version, may be doing
for us.” One thing is certain, the Suther-
land family of Pittsburgh will know from
firsthand experience how to get the most
from an ECHO “genie.” * ok %k
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January 1968

AC8 COMPUTER SURVEY RESULTS

Although not many ACS members sent
in the computer survey forms,
those who did are, not surprising-
ly, the furthest along with thelr
machines. Two have finisghed.

Memor

Most of those who answered the
survey are uglng core memory, wlth
slzes ranging from 4K to 20K words;
the majority are equally divided
between 4K and 8K,

One member uses & delay line for
memory, containing 512 words.
Another uses & delay line (2K
bytes), drum (8K bytes) and core
memory (4K bytes); 4-bit bytes.

For his small machine, one member

uses flip-flops for memory. Anoth-
er uses punched paper tape, having
convinced himself that "tape would
eliminate the memory limit,"

Input

Teletype 18 the most common input
device, One member, however, uses
a Flexowriter, Another uses punch-
ed cards, keyboard, magnetic tape,
paper tape, and keyboard ewltches.

Output

Again, Teletype is the most common
output device, Others include a
Kleinschmidt printer, paper tape
punch, IBM Selectric typewriter,
lamps, and Nixie tubes, One member
uses magnetic tape, paper tape,
Selectric typewriter, printer and
lamps, And the member with the

Clock

Clock speeds include 100K, 160K,
250K, 600K, and 1lMc, with one given
as 10-100K, The average 1s 500K.

Serial or Parallel

The situation 1s about equally di-
vided into thirds: one-third serial;
one-third parallel; one-third com-
binations such as serial character,
parallel bit,

Translistor Types

A wlde range here, of course, One
uses only 2N404, Another, 2N2923,
2N3721, 2N2711 (npn) planar. A
third, 2N2923, 2N2026, 2N3906, A
fourth, MPS3640, MPS3646, and
2N364) in core &rivers.

Integrated-Circult Types

(1) uses Fairchild RTL (67¢ FF, 36¢
dual 2-input gate, 36¢ buffer), (2)
Fairchild RTpL and CTpL. (3) Motor-

ola RTL (700P series). (4) Motorola
and Fairchild RTL.
Card Types

None of those replylng use surplus
IBM or Unlvac cards, although one
uses surplus Westinghouse RTL NOR
gates, Another 1s cond@ldering Wyle
modules, A third designs and etches
his own PC carda. A fourth makes

hls cards from Vector boards, A
fifth uees Ransom, SEI and Auto-
netics cards, A sixth uses Teletype
etched boards, with his own circults,

Number of Instructions

Flexowriter also uses 1t for output, Generally speaking, beginning com-



puter amateurs hope to uge a large
number of instructions, from 50 %o
100, Those who have gotten falrly
well into the construction use no
more than between 11 and 34, The
one exceptlion 1s a member who has
spent $1,000 and two years on his
machine, and has (or has projected)
67 instructions., The average num-
ber, counting all those reported,
ls 44, Leavlng out those over 50,
the average 1s 22,

Data-Word and Instruction Lengths

The data-word lengths specified
range from 4 to 32 bits, with the
average around 12 bits,

The instruction lengths also range
from 4 to 32 bite, with an average
of about 12 bite also.

Add Speed

The range of add speeds 1ls from

8 psec to 10 msec, with in-betweens
of (1) 24 peec, (2) 218 psec, (3)
100-500 psec, depending on the
length of the binary number, (4)

8 peec for one memory reference,
but eircultry will operate in 1
peec, (5) 30 peec add speed, 4
meeg¢ memory cycle time wlth a
magnetostrictive delay line, (6)
20 psec with one number in accumu-
lator, 25 psec with both numbers
in memory, (7) 32 psec per pair of
decimal digits, (8) 1 to 10 msec.

Number of Reglsgters

The range of number of reglsters
1s from 2 to 11, with 3 the most
popular, One member has 2 memory,
2 data, 1 op code and 5 address
reglseters,

Bpecial Features

Here are gome of the speclal fea-
tures reported, Not all of these
features have yet been translated
into hardware; some are only in
the planning stage, or partially
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breadboarded,

(1) Over 100 Sylvania bulbs in
8trip sockets wlll monitor the
major reglsters, etec, CRT displaye
planned, When completed it wlll be
far more versatile than DEC's
PDP8 line,

(2) Data-word length 16-32 bits
(32-64 for floating). Planning
modular op-code decoders (i.e.,
basic repertoire plus floating
arithmetlec, hardware stack opera-
tions, etec.). Basic setructure is
bus-oriented.

(3) Has D/A converted output to
drive motor position, Machine has
two 8-blt reglsters, one 15-blt
accumulator,

(4) Variable-length instructions,
variable-length indirect address
flelda,

(5) Contente of memory addrese zero
and A reglster are swapped every
cycle (inhibited on some instruc-
tions), Therefore one register
gerves asg accumulator and program
counter, Memory address 1 serves

as index register.

(6) Double precision arithmetic;
fixed and floating-polnt numbers;
link on all arithmetic reglsters;
full comparator; AND, OR, Exclusive
CR registers for logical computa-
tiong; data busg allows bi-directlon-
al transfer between any two registers,

(7) Will use IBM 1620 software,

modified to use USASCII code and
to get around unimplemented in-

etructions,

Cost

As to "Cost so far," the range 1isa
from O to $1600, with an average
égggng those reporting a cost) of

For "Estimated coet when complete,"

|A|C|B| NEWSLETTER



s

the range is from $300 to "over
glo,ooo.“ with an average of

2,100, Without that "over $10,000"
estimate, the average 1s $1,100,

Wiring

The large majority, over 80 per-
cent, use flxed wiring,

How Long Working On It?

The range of time gpent so far
ranges from "one month on the
present model" to 4 years, with
an average of 2 years,

Size

Here are some present slzes: 8-
foot relay rack; 6' x 7' x 18";
36" x 28" x 20"; 1 work bench;

1 board complete; 30" x 36" x 40Y;
three 19" five-foot racks; 38" x
60" x 12" & TTY. The "Estimated
size when complete" is usually
Just the same,

Education

Moet of those responding have at
leagt one technical degree, in-
cluding BSEE, MEE, BA in Math,
PhD EE, "BA and BS and working on
M38," and several studente,

Because the great majorlty of
those sending in the survey have
technical degrees, and because
those who sent it in are among
those who have advanced the most
with thelr computers, 1t seems
that lack of a technlcal education
1s holding back many ACS members
from pushing shead with thelr
machlines, or perhaps from just
getting started., Unlike amateur
radio, there Jjust isn't enough
circult-level Information avall-
able on how to build computers,

Other Informatlion

(1) Presently supervieging 5 Explor-
er scouts who are doing much of the
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construction work, such as bulld-
ing PC cards. I became an Explorer
advisor at my company's poat to

get more hands on the prolect and

to force me to get on the ball and
make some progrees,... 1 am golng

to debug the power supply transientes
and add a line fllter, RTL has low
nolee immunity and my firet wired- .
up register 1s dropplng and gaining
extra bits,

(2) Wigh digks and line printers
were cheaper! Fortunately, I can
bulld my own software -- assembler,
compiler (FORTRAN and/or ALGOL)
end operating system,

(3) Teletype controller and memory
operational, Can presently trans-
fer data from TTY to regilster to
memory and back, Delay-line memory
stabllity problems solved -- suc-
cessfully retrieved data after
elght hours, Uslng 83" x 17" Vec-
torboard with AA pattern, strength-
ened by chrome-plated angle, Dual
Inlines mounted by alternately
bending pin pairs inward and out-
ward, Wiri directly soldered to
ICs, uaingngzz wire wilth high-
temperature-reslistant insgulation,

(4) Thie has been an evolutionary
process wlthout a fixed ldea of
exactly what the final product
would be, Now I have outrun myself
in some ways. For example, I know
how to get back and forth from
memory to TTY, Also, how to add
binary numbers, I don't know how
to turn TTY characters into binary
numbers in any slmple manner, I
would appreciate any clues you
might have on the subject. (ANY
MEMBERS ABLE TO HELP HIM ON THIS?)

Interested in Computers Since...

Those who put down & date gave:
1961, 1965, 1957, 1965. Those who
put down an age gave: 13, 14, 15,
18, 20, 21, Those who gave the
number of years gave 3, 3, 9 and
17.years,
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COMPLETED COMPUTERS

Only two ACS members have reported
being anywhere near completing

thelr computers: j

ECHO-4

Jim Sutherland's ECHO-4 computer,
reported briefly in ACS Newsletter
6, is 7 feet long, lf feet deep
and 6 feet high, It took Jim a
year to build 1t and will take 10
years to program, He says the CFU
is complete, but the input/output
gystem ls et111 growling.

ECHO-4 uses 2N404 transistors and
RTL NOR logic elements. The NOR

. gates were used in process control
systeme built by Westlnghouse
about 8 to 10 years ago and were
declared scrap. They are mounted
on etched circult boards with 35~
pin Elco connectors. A total of
120 boards were used in the entire
- gystem (input/output control
arithmetic units) but only 16
types of boards were used, so spare
boarda do not take up much room,

The memory unit, an Ampex 4096-RQ-
30A, came from an obsolete process
control computer, Memory oycle is
6 ugeo, but since the NORs requlire
from 1 to 3 usec to switch, the
add time surfers (add speed is 216
psec).

Between instruction accesses, the
memory is avallable as & refreshing
buffer for a CRT display, which 1s
planned but not bullt yet.

Jim says a story about ECHO-4 1s
tentatively scheduled for the April
1968 lssue of Popular Mechanics.

He says 1t doesnit go into mu%ﬁ
construction detail, "but the pic-
tures should be interesting."®

ECHO-4 has 4 flip-flop reglsters,
and three (P, A and X) in core
memory. There are 8,192 words 1in
core memory, each 15 bilte long.
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Clock speed 1s 160 Ke, There are
18 instructlions, 4 bits long.

Special featurea: one's complement
adder with end-around carry, Over-
flow and carry deslgnators are
stored in upper two bits of Program
counter (location O of core memory).
Interrupt automatically stores P
and takes next lnstruction from
specifled SAVE routine entry. Using
15-pps sync derived from real-time
clock, One index regilster, and

aleo 1ndirect addressing, can be
specified by setting flags in

the instruction word,

Input: alphanumeric keyboard, six
control keyboards, 8-channel paper
tape reader, 15 interrupts, 75
contaet closures.

Cutput: Klelnschmidt printer, 60
contact closures, 8-channel paper
tape punch, 4 digital clocks.

By the way, ECHO stands for Elec-

|

|
Interconnectionsg are wire-wrapped, l
tronic Computing Home Operator,

| EL-65

Hang Ellenberger, who lives in
Switzerland, worked & year on his
computer and finlghed 1t in 1965,
A small deek-top machine, looking
a little like a Wang calculator
with a separate keyboard, EL-65
has a keyboard input and Nixie-
tube readout, 8lze is 40 by 40
by 20 centimeters,

A gerial-type computer, EL-65 hasg
3 reglatera, 30 worde in flip-flop
memory, and 15 instructlong, The
trangistors are ACL22 (AF pnp ger-
manium) "because of price,

Addition and subtraction times are
1/60 second, The longest multipli-
cation and divieion times require
1.3 seconds, In addition to these
four baslc functions, EL-66 can
also perform negative multiplica-
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tion, and accumulate products,

The cost of materlals alone was
1500 Swiss francs, which is about
$345, Hang trled to market his
computer, calling i1t "der erste
Schwelzer Pult-Elektronenrechner,"
meaning the flret Swles desk-top
electronic calculator, But the
sales price of 6000 SF ($1380)
seemns to have put 1t beyond the
means of most Swlgs and aleso it
may have been too much of a novelw
ty on the market, As Hans notes,
It seems almost imposeible for an
amateur to bulld a computer that
can compete with commerclal ma-
chines. (The &mateur who can do
that would be, before long, em-
ployed by a computer company, )"

Hans 1s working on & new model,

with 16 registers, using Philips
LTC cores, and ICs by Fairchild

(RTL epoxy), TI and Philips.

MAGAZINE ARTICLES

Low-Cogst Counters

The February Popular Electronics
containe a congtruction article

(pp 27-32) on a decimal counter
wlth readout, which the magazine
believes to be a price break-
through, as the decade coets only
$12, complete with counter, dri-
vers and ten lamps, Parts are
avallable from a Texas company at
$12 a decade, 1ncluding a PC board,
A power-suppiy schematic is given,
The maximum rate is 10 Mec, although
the unit has been used up to 18 Me,

Later igsues will feature ltems
based on the counter: an "Elec-
tronic Stop Watch," which is an
EPUT (events per unit time) coun-
ter; a digital voltmeter; digital
multimeter; and a frequency coun-
ter,

The ICs used are all Motorola: two
MC790P dual JK flip-flops, and one
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each of the MC724P (quad, two-input)
and MC715P (dual, three-input) NAND/
NOR gatea, And seven transistors.

An interesting colncidence is the
appearance by the same author of
an Electrénics article (Jan, 22,
pp 74-76), "For low coet, count

on RTL," which compares the $12
decade with a $10 digital digplay
that uses a mllllameter with a
speclal scale, callbrated from O
to 9, and a blquinary 1-2-2-4 ocode,

The authore says in his last para-
graph that the in-line counter is
superlor in readabillty, but the
meter design is cheaper and smaller,

Bagic Digital IC Circults

Over a dozen simple digltal cir-
cults are given in "30 Basic IC
Projects," in Radio-Electronica
(Jan, 1968, pp 50-63). This second
part of a two-part article uses
the Falrchild pL9l4 as the basls
for inverters, pulse-enabling and
disabling gates, NOR/NAND and OR/
AND gates, square-wave generators,
one-shot, Schmltt trigger, flip-
flop, and others, All that's need-
ed is a 914 and a few reslstors
and capacitors, plue diodes for
the generator,

The article on the following pages
(pp 54, 55, 62) describes how to
"Bulld a Low-Cost IC S8ignal Gene-
rator," with the same ulLJl4, to
provide square waves from 5 cps

to 50 Ko,

The first part of the IC article
appeared in the December 1967
issue (pp 43-45), and covered the
baslc description of the plLol4
glving cirocuits for linear appil-
catione such ag emitter followers
and amplifiers,

Wireless World Digital Computer

The four-part article on building
a amall computer, described in the
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The Amateur Computer Soclety is
open to all who are interested
in bullding and operating a dig-
ital computer that can at least
perform automatlic multiplicatlion
eand divlieglion, or is of a compar-
able complexity,

For membershlp in the ACS, and
a subseriptlon of at least elght
issues of the Newsletter, send
$3 (or a check) to:

Stephen B, Gray

Amateur Computer Society

260 Noroton Avenue

Darien, Conn, 06820
The Newsletter wlill appear about
every elght weeks.

prevlious Newsletter, has a fifth
part now, completing the serles.
The December Wireless World (pp
601-606) covers the operation of
the machine, with codlng examples.

Uging Miniature Relays?

An interesting comparlison of major
characteristics of miniature re-
lays appeared in a new-product
item in the Januvary € Electronics
(pp 171-172), Comparieons are made
between crystal-case relays, mer-
cury-wetted and dry reed relays,
and solid-state switching devices,
Each of the four types 1s said to
provide certain adventages, "If
speed 1s needed more than igola-
tion, eolid-state swltches should
be used, When cost is the prime
factor and high isolation is also
required, the reed relay is the
best choice." The new product is a
line of dry reed relays, made b
H1-G Inc. (Windsor Loocka, Conn,
which sell for about $2, compared
with about $8 for solid-state
swiltches,

Would you believe a relay in a TO=-
5 trangistor can? They're descri-
bed in the January EEE (pp 20 &
24), Not cheap, though; over $20.

Copyright 1968 by Stephen B, Gray
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BREADBOARDING INTEGRATED CIRCUITS

Wade White says he breadboards in-
line ICs with a board that holds
16 of the l4-pin packs, from J.R,
Anderson Enterpriees, Inc, 3691
Lee Road, Cleveland, Ohlo 44120,
The board, type MC-1, costes $4.85
for 1-9, $4,50 for 10-24, and
$4.25 for 26-49,

No holes are drllled in the board,
The components are soldered to the
top, for easy removal or change,

Size 1s 3/32" x 8-5/8" x 5-49/64",

For permanent mounting of 12 of
the 14- or 1l6-pin ICs, Wade uses
an M-96003-PG board from Dyna
Sales Co.,, 962§ 8, Atlantic Blvd.,
Los Angeles, Calif. 90022, Phone
(213) 268-1175, ask for Milt Hol-
lingsworth,

For TO-6 and flat-pack ICs, usge
board M-96002-PG. The boards have
holes drllled for mounting compo-
nents, and pins to flt a 22-con-
tact connector (Amphencl seriles
143), The connector costs about
$1.55 new, but can be bought sur-
plus for much less,

Price for either board is $6,95,
with a discount of 5% for 5-14,
10% for 15 or more,

Wade also notes that the Vero IC
board kit listed in Newsletter 7
at $4u, is available from Dyna

Sales for $29,95, as item MC-10,

NEXT ISSUE

If any of you who have gotten
into the construction of your
machines falrly well would like
to write up your experiences for
the Newsletter, several pages
are avallable for the gory de-
talls, Tell us all about your
problemg, solutions, discover-
les, raiiuren, components, and
your future plans,

_
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ECHO IV INSTRUCTION FORMAT

14 13 12|11 10 09|08 07 06]05 04 OBIOZ 01 00 Bit No,

I| B | COMMAND C ADDRESS

|—256 word block

l=current page
O=page zero

15 memory referenced instructions
2 shift instructions
1 halt

Index register flag
(B=core mem location 00002)

Indirect address flag
ASSIGNED CORE MEMORY LOCATIONS

00000 = P = Program Counter

00001 = Zero constant loc

00002 = B = Index Register

00003 = A = Accumulator

00004 = Interrupted program return

00005 = First instruction of Interrupt Executive

Bit 14 of Program Counter is Endaround Carry (E) designator
The E designator is set if carry out of adder bit 14 occurs
during ADD, The E designator is cleared otherwise near end
of ADD instruction execution.

The overflow designator (OV) is set if:
1. Bit 00 of accumulator equalled 1 before right shift
2, Sign of sum is different from sign of like-signed terms

Address modification occurs in the following order:

Indirect address is fetched BEFORE content of Index Register
is added



COMMAND DEFINITIONS

Code Mnemonic Definition

01 : JMP Jump to Y + 1

02 Jov Jump to Y + 1 if OV =1

03 coM Complement contents of Y

04 DCS Decrement contents of Y and skip next instruction
if contents of Y = minus one after decrement

05 SIpP Store incremented P in Y

06 ENB Enter B with contents of Y

07 ENA Enter A with contents of Y

10 ouT Output from A to channel address

11 INP Input to A from channel address

12 JAN Jump to Y 4+ 1 if bit 14 of A =1

13 JAZ Jump to Y + 1 if A = positive zero

14 ! STA Store A in Y

15 ADD Add contents of Y to A

16 EOR Exclusive OR contents of Y with A

17 AND And contents of Y with A

00000 HLT Halt

40000 LSH Left shift A, Bit 14 replaces bit 00

00400 RSH Right shift A, Bit 00 enters OV designator

INPUT CHANNEL ASSIGNMENTS

Channel number is defined by bits 00 through 05 of effective address

Channel No. Function

00 Interrupt word, 15 bits including SYNC

10 House trunk on low order 6 bits, Kitchen keyboard
on high order 8 bits

20 Real-time clock, minutes and seconds in BCD

30 Contact=closure inputs

40 Magnetic tape storage unit (future)

50 Paper tape reader

60 unassigned

70 unassigned

OUTPUT CHANNEL ASSIGNMENTS

00 Programmer's printer/punch on low order 6 bits

10 House trunk DATA character on low order 6 bits

20 unassigned

30 Contact~closures,,31l to 35 designate 5 words, 15 bits/word
40 House trunk ADDR selector on low order 6 bits

50 Magnetic tape storage unit

60 Kitchen console printer on low order & bits

70 unassigned



Date

Aug

Mar

Apr

Apr

Aug

Oct

Nowv

Dec

Jan

Nov

Dec

Jan

1966

1967

1967

1967

1967

1967

1967

1967

1968

1968

1968

1968

1969

ECHO-IV Logbook Summary

Problem

Machine stopped occasionally due to
power line transient spikes from
fluorescent lamp in bathroom,

Burned out two print coils on
printer print solenoids

"programs fairly well goofed up, Jay
(2 yrs old) had been playing with
keyboard".

Need variable speed clock to check
operational margins.

Temperature variations in basement
causing amnesia in core memory.

Machine turned itself on and did not
shut down,

Rapped all card handles and found
two intermittent cards

Found loose wire termination on
memory power supply contactor,

Found that the interrupt executive
routine was getting interrupted.

Cold temperatures affecting machine

Memory power supply contactors fail-
ing after two years of operation of
once per hour,

Intermittent fuse holder in the
memory drive chassis

Jay left garage door open, memory
messed up.

Solution

Installed power line filter
on ECHO=IV

Rewound the coils

Talk with Jay

Adjustable clock speed
feature added

Keep doors to garage closed
Run machine for three minutes
each hour to reach stability
Replaced with spares
Recrimped wire and tightened
termination screw

Corrected logic

Added heaters to memory
cabinet, left logic power

on continuously, added blower

to power supply cabinet

Added thyristor power control

Replaced fuse holder

Ducted warm air from cabinet
4 to cabinets 2 and 3
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AUGUST WAS COOL IN PITTSBURGH, records show, as the temperature reached
the normal highs on only seven days and exceeded these marks just four times,
Hottest day of the month was Aug. 2, when the temperature nudged up to 86 de-
grees. Lowest daytime temperature was yesterday, when the mercury reached 66
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A MONTH OF EXTREMES—December provided temperatures that so Jed
the high sixties—20 degrees above the normal high for the mont g
dipped to 9 degrees on the 30th, well below the normal low for DecefEiis
cording to statistics from the U, S, Weather Bureau, Precipitation—rain
| ed snow—totaled 2.22 inches, a little below normal for the month.
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JANUARY GOT BETTER as the month wore on where the weather was con-
cerned. The mercury dipped to 10 degrees or below on nine of the first 12 days

of the month, including four readings below zero. The first and last days pro-

Linches of water.

vided the low (-7) and high (49) readings of the month. Total precipitation I
for the month was 2.85 inches, compared to the normal 2.97 for a January here.
Contributing to the total was 154 inches of snow, which melts down to 1.54
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ENDING ON A PLEASANT NOTE, August had more than'its share of heat and
humidity as the mercury reached 80 degrees or above on 21 days and climbed
.above 90 six days. But all the misery was offset last week by cool nights and
warm, dry days as on Aug. 27 record low of 46 was set and the Aug. 28 record
low of 44 equalled. A shade of under four inches of rain fell, compared to a
normal 3.31 inches for August.
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A PLEASANT SEPTEMBER wos enjoyed, weatherwise, by Pittsburghers as tempera- |

tures ranged generally from the lows in the 50s to highs in the 70s and 80s. The
mercury hit a high of 86 on Sept. 4 and dipped to a low of 40 on Sunday. Rainfall
totalled 3.08 inches, compared to a normal 2,54 _inches for September,
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