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|. How it all started

When | was growing up in a small town | thought it was an awfulbyribg
place. Now I realize that | had some opportunities that pogbaould not have
been available in a larger city. For one thing, it was possibl a kid to hang
out at the newspaper office, telephone office, telegraphegffic radio station
and watch a Teletype machine in operation. Things were slmugh that the
people who worked there usually had time to answer questitdihen | wanted to
understand how a Teletype machine worked the wire chiefeatetlephone office
let me borrow the “green book” After reading all about selector cams and swords
and code bars and pull bars | could drop in to the Western Uofiice where the
manager, a friend of the family, let me play with a little-dgarinter and see in
action all the parts | had read about.

Another advantage to living out in the sticks was that teliewi arrived very
late. This allowed a pretty good news stand to remain in fpération through
most of my teen years. Jack’s News Stand carried severalzimagaof interest:
Radio-Electronics, Radio & Television News, and the amateur radio magazines
QST andCQ. Hugo Gernsback’'Radio-Electronics ran a series of articles by Ed-
mund C. Berkeley about digital computers, which gave me ary @arbduction
to binary arithmetic, Boolean algebra, and logic circuitackls also subscribed
for a while to a Western Union service that brought baselualtes on a ticker.
This was one of the old-fashioned tickers with the mechanisder a glass bell
jar. They made a lot of noise even when not printing anythagythe principle
involved sending polarity reversals at about 20Hz that aiger a ratchet to drive
the print wheel. These tickers had long been retired frorkstoarket service
as too slow; but they were still fast enough to keep aheadeob#iseball games.
Western Union hated to throw anything away.

In those days (circa 1953) Wayne Green had an occasionahoohuCQ mag-
azine on the subject of amateur radioteletype; and | hapjtersee one of thefn
Until then | had never imagined that a teleprinter was somgthn individual
could possess and use to communicate via amateur radicougithl didn’t have
an amateur license at the time | had an uncle who was a ham.pteneesupplied
with old copies ofThe Radio Amateur’s Handbook which | devoured. Ham radio
looked like a lot of fun; getting a license was something la/intended to do
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someday.

Now | started combing the classified ad<Q&T hoping to find a machine for
sale at a price | could afford. Soon | saw a 21-A printer adsed: for something
like $25 by Paul Lemon, W6DOU, of Hayward, California. In dumei the ma-
chine arrived on our front porch along with a letter from Pexplaining what had
to be done to get it working. This was about the time that ham®\starting to
get pretty good machines, especially Model 26s, and wetagetd of the stuff
they had previously struggled with, Model 12s and 21-As.

The 21-A was a small parallel-input tape strip printer usgd\estern Union
to receive from their archadime-division multiplex. The mechanism was pow-
ered by a big solenoid. Paul’s letter explained that a hamil Ceafts W6ZBV
of Southern California, had designed an electronic recgidistributor for the
21-A. The design had been publishednTY, a little magazine put out by Merrill
Swan, W6AEE, in Pasadena, CA. Wayne Green’s articl€@had also men-
tioned Merrill's magazine. | wrote to Merrill explainingdtsituation and asking
for a copy of the issue containing the electronic distribwdicle. | also sub-
scribed toRTTY. Merrill sent me the issue containing the distributor aejdnd
we began a friendship carried on by mail for years until weensdle to meet face
to face. | can’t think of anyone who did more than Merrill toffbend and help
anyone who wanted to get into radioteletype. All the whilehleéd a full time
job, and with the help of his wife Margaret put out the magazery month.
A number of regional amateur RTTY groups published newasigtand bulletins;
the Southern California one under Merrill’s editorship red®ve mere regional
interest and became tlde facto national RTTY publication.

The Western Union friend supplied a roll of printer tape, dolevl was wait-
ing to get started on the distributor | could exercise the hireec by hand, first
tripping the code magnets and then slamming down the salefibiere was also
a receiving converter to be built - a circuit to convert fregay-shift-keyed audio
from the radio receiver into signals to operate the printeiound the W2PAT
design which had been published@$T . The original version of this design re-
quired a polar relay, which a telephone company friend segplThe electronic
receiving distributor was quite an ambitious project, imireg something like 20
vacuum tubes. The principle was a trigger circuit to detketdtart pulse, fol-

3The Western Union friend I'm sure would gladly have taughtMuse code, except that his
was American Morse, not the International Morse used inotakie sometimes remarked that he
didn’t understand how anybody could copy that gibberishfenradio, not having a sounder to
click it out.

4Pre-electronic, using motor-driven faceplate distrilbsito
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lowed by a string of one-shots. A pulse at the end of each boetisne was gated
with the incoming signal to a tube that drove the correspapdode magnet. The
last one-shot drove a tube that controlled the print sottr@ne of my telephone
company friends did the maintenance on the mobile teleghohthe day, so he
saved for me some tubes that were not really good enough tbgmkt into the
radio sets but were still usable. | wish | could say the thireyked as soon as
| had it built; but in fact | never got it to print anything butbdperish. Over a
period of several years | played with it on and off, but nevaranywhere. Part of
the problem was lack of any kind of equipment to adjust thesiv@s. The de-
signer’s instructions were to transmit single charactdrdaradjusting them: first
Es, then As, and so on so that each bit was successively drimtghtime. | didn’t
have a keyboard to generate those characters. Anothereprolsds an error in
the published schematic, which did not come to my attentwrséveral years.
Nor did | have access to a modern oscilloscope, which wowe ladlowed me
to see where the pulses were falling. I'm sure it didn’t hélattiots of the parts
| used had been salvaged from old radio sets, and thus wem@oofjoiality. My
knowledge of pulse and digital circuits was very limited.tdbl had been a lot
smarter | could have devised an unsymmetrical multivibrdtat would generate
a single character repeatedly, such as LTRS or V with the priopeng to make
a start pulse and repeat at the character rate.

| must also give a lot of credit for my early engineering ediccato Paul
Klipsch, the engineer and loudspeaker inventor. He had donewn with an
Army ordnance proving ground at the start of World War II. Haswn charge
of instrumentation there and worked on his loudspeakegdeasihis spare time.
After the war he decided to stay there and start a businessfawuring the loud-
speakers. He had quite a reputation in the town, both asl@abtiéngineer and as
an eccentric. Mrs. Klipsch was my junior high school Englishcher. A future
engineer could hardly have a better mentor than Major Khipdte loudspeaker
business in those days was often slow; Paul would have mewit deside him
while he took out some “talking paper” and started makingdkes and explain-
ing things. At one point he learned to fly and bought a useds8tirairplane. |
wangled a job with him one winter washing the airplane andtpag holes in the
fabric. From time to time he would try to get the airplane tofpen better than it
was designed to do. In one experiment he cut wedges of siroénd we taped
them on to the wing struts and took the airplane up to see ibuld/fly any faster.
(It didn’t; the masking tape we used to hold the styrofoam oobpbly added
more drag than the wider struts eliminated.) In time Paulomdy gave me a job
but allowed me the run of his shop for building my own projeztsl doing my
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own experiments. It was there that | built the electronid¢rdiator and attempted
to get it working.

In 1955 | graduated from high school and that fall startedhatldniversity of
Arkansas, studying electrical engineering. Under the @mfae of Paul Klipsch
I immediately sought out the faculty member who was in chafgthe student
chapter of the Institute of Radio Engineers and joined. It jyassomething that
| had absorbed from him that if you are an engineer you shoattigipate in
the appropriate professional society. Dr. Walt Cannon wss tie trustee of the
university amateur radio club station and the overseerelbctronics laboratory.
A large corner of the electronics laboratory was devoteti¢caimateur radio club
station, which included a huge and most impressive tratsm#n ex-military
BC-325 with knobs and meters all over it. There was also a Marde practice
machine, which added to my determination to get my amatelio lecense and
get the club station W5YM on the air with radioteletype.

| never took a course under Walt Cannon; but | had a job undesupser-
vision working in the electronics laboratory. He was alwaye of my favorite
professors. He didn’t have much of a reputation as a classteacher; but his
office was a feast. His office door was open all the time, urideswas in class.
There was a constant stream of faculty and students droppipgrticipating in
the running conversation, and leaving to be replaced byreth&nyone willing
to sit for a while in Walt’s office was sure to learn some instirey things about
serious electronics.

On one occasion he took a group of us to an I.R.E. conferenc&leh@ma
City. That was quite an experience for a small-town kid. | weeskind of person
the exhibitors love to hate, a mere student gathering ufydrechure and catalog
in sight. In later months and years | went through that maktexer and over; one
of my later bosses said | was a “walking catalog” of the indusEhat seemingly
wasted literature probably generated a lot of sales. WhiltherOklahoma City
trip we visited the F.A.A. Aeronautical Center. One of thengs | remember
seeing there was a Model 15 running experimentally at 100 W\Ridely, they
abandoned that particular effort and bought Model 28%e also visited a large
telephone office,and a power generating plant, and IntermratCrystal Mfg. Co.,
a second-floor business much beloved by radio amateurs.

The next development was a decision by Teletype Corp. to lauildlanu-

5| have since learned from an articleRell Laboratories Record that Model 14 and 15 equip-
ment was operated at 100 WPM during World War |l as a war emeygereasure. The need to
move lots of traffic justified the considerably increasedntemiance effort.



facturing plant in Little Rock. In connection with this commaofficials visited
the University and its engineering school, and left a cataloTeletype products,
inviting us to select some to be given to the scHo®hey suggested a Model 19
would be most appropriate. Prof. Cannon invited me to go tinahe catalog
with him and decide what to ask for. We decided to push our ki ask for
a Model 28, because we wanted to get into electronic conpaied the higher
speed of the Model 28 would be advantageous for that purpisealso asked for
punched tape equipment, again with the idea of preparingt ifgg a computer.
Teletype agreed to our requests. | was away for the summan thleeequipment
arrived. It consisted of a 28KSR, a 14 typing reperforatod artable with an
XD and a perforator of the kind used in a Model 19 (DPE). Theas also a loop
power supply to make it all go. The stock name plates on thgetgnt had been
modified, no doubt at some expense, so that instead of “Chid&fd they said
“Chicago-Little Rock USA'".

The catalog, as | recall these many years later, containeteMz8 KSR and
RO, Model 14 typing and nontyping reperforators and XD, Mdd® possibly
Model 15, the lightweight printer Model 31, and various &sblvith perforator and
XD combinations. (I'm not sure about Model 15, because M@@&dhad replaced
it functionally, yet Model 19 was still available and used déb 15 components.
The Model 28 ASR set had not yet been produced, which is whyvibeel 19
was still in the catalog.)

It wasn'’t long after | got back to school in the fall that | had YW@ on the
air with radioteletype. At last | could communicate by radith some of those
people | had been reading about in the pagd®IdiY. One of these was Bob Weit-
brecht, W6NRM/W9TCJ, who was then at Yerkes Observatory in Wisico Bob
was one of the great technical contributors to amateur RERY, one who trav-
eled many miles to promote the mode and to help others gétdtdn those days
it was popular to have round table discussions among ses&tibns. Almost
every night | would get into a round table while doing my stundy They would
ring the printer bell when it was time for me to transmit; ahdrt | could quickly
scan the copy and make my comments and turn the session aver next sta-
tion and get back to my homework. There was also a lot of diedrmon-amateur
radioteletype on the air in those days. We regularly copredg government and
commercial traffic.

8In another article | suggested that it was the sight of myoforl21-A printer in a corner of
the lab that prompted the offer of new Teletype equipmenbnltdknow whether this actually had
anything to do with it, or whether they even saw the 21-A.



On October 4, 1957 the Russians put up Sputnik, the first @atiatellite
of Earth. The next morning, Saturday, Walt Cannon picked mmdyis car and
we went to a lumber yard for some 2x4s to use as antenna mastuiNip a
pair of dipole antennas, arranged as an interferonieiéfe would tape record
the satellite signal and give the tapes to a professor iniBhyshere they had a
frequency counter. (Electrical Engineering was too podrawee one.) He would
study the Doppler shift in the frequency of the satellitensig During this time
the press traffic on the air was voluminous. We would copy akesk bulletins on
our Teletype machine and hang the copy on the lab door fooatad. One of
the news stories read, Teams of scientists are busy céilugkhe orbit of the new
satellite. People who do this kind of work are called cetéstiechanics.”

Sometime during those school years | acquired a Westernn40a printer
from a New York ham. This was a compact receive-only tape gtrinter. The
character selection mechanism was very similar to thatoTeletype stock ticker
(circa 1930), modified to receive 5-unit code. Teletype wsegdry similar mech-
anism to make the Model 26 page printer.

Our contact at Teletype was Dennis Bobka in Sales. | wouldevioitiim from
time to time asking for parts, or suggesting ways to imprdwe équipment. |
remember being fascinated with the selective calling M@8edt the local F.A.A.
flight service station and installing that set of parts in bodel 28. | assume
it was because of my contacts with Dennis that Teletype effene a summer
job in 1958. | had not planned to get a job that summer beca@3e&CRsummer
camp would take half the summer. Teletype was willing to talefor the six
weeks that were left after camp, so | accepted. When | told iM&wan about
the summer job he gave me a list of friends to contact at Te¢etgne of them
being Bob Reek. He and Bob had shared a room at a summer cours@sistirs
a year or two earlier. As it turned out | was to work under Boli taammer, and
also the following summer.

’Connecting two closely-spaced dipole antennas togetkies @i radiation pattern with lots of
peaks and nulls, making it possible to determine the angéerofal of signals.
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II. In the good ole summer time

Someone at Teletype suggested | stay at the Lawson YMCA in GbicEhat
proved to be a fine suggestion. It was in the same block as aayuttation where
| could take a train to work every morning. For variety | couldlk a few blocks
west and take an El train. The stop nearest Teletype, atrkanléve., was served
by both subway and El trains from the Loop. Lawson had an amaelio club,
so | made some friends right away. One of these was Jim Dawiri;CC field
engineer who resided there; and there were at any time ysuéw men from
Western Electric attending W.E. training at a center in tityy d.ater there was
Bob Weesner, who worked for W.E. Hawthorne Works in cable nneasents.

| showed up bright and early at 1400 Wrightwood and told thedjuehy |
was there. Pretty soon Alma C&dmme to escort me to the new work place, Bob
Reek’s department. There | met Frank Biggam, Roy Ogasawarthearengineer
whose name | don’'t remember, draftsman Gerry Marbach, atchigian Marvin
Gaudette. I'm probably going to mix up some of the things tegpened that
summer with things that happened the next summer, when | gaia amployed
at Teletype, as | was not graduating until January 1960. Bigpmrtment was de-
voted to time division multiplex. Teletype’s first multipd@roduct, the AN/FGC-
5, was there in two tall cabinets - this was a vacuum tube (ayratron) multiplex
system. Development was being completed on AN/UGC-1, a congodid state
four-channel mux (compatible with the FCG-5); and work wadearrway on the
AN/UGC-3 sixteen-channel mux. The sixteen-channel mux naelbeen the
first Teletype product to use the standard-size printediticards. These were
quite an empowering concept, allowing us to design at thel leflogical blocks
rather than of circuit design and individual parts.

It was an interesting time. Transistors were still too slowbée of much use
in the computer business; but they were plenty fast enougthéokinds of things
Teletype did. | got a quick introduction to transistor logiccuits. | came to the
conclusion that transistors made excellent switches amgylbnear amplifiers, an
observation that set the whole direction of my life’s work.

All the multiplex systems used ring counters in the staspsind multiplex
distributors. The ring counter circuit used in the tramgishux employed point-
contact transistors, taking advantage of their unique gmtogs. These allowed
use of a single transistor per counter stage. The disadyesitaere that these
devices were available only from Western Electric, and vesygensive, delicate,

8later, Jordan



unreliable, and quite non-uniform. Frank Biggam had worketleocircuit using
two junction transistors per stage. My first assignment wasuild and test that
circuit. It worked fine; and Gerry Marbach was able to getlad parts onto the
same size etched circuit board that was used for the pomtacbcounters, so
we had a direct replacement for the earlier circuit. | domow what happened
after that, because | remember the next summer the 16-chaftglex was in
production with point-contact ring countets don't believe there was any further
use of ring counters after the multiplex projects, becansge®ne had discovered
how to build distributors using shift registers.

| could imagine basing some products on the code convertéing anux sys-
tem. Two of them back to back would be a regenerative repetteould also
serve as a speed converter (lower to higher speed only). dsgilere was no
corporate interest in these applications because the msixlasagned for the mil-
itary; it would have been too costly to use parts of it for lkan applications.
Now that I think of it there are other things we could have duori our mux
technology had we wanted to develop other products. | wasycamare at the
time that Western Union had something cal\édioplex, which served a number
of customers over a smaller number of trunks. At the time wle'tthave the term
for it; now we would call it virtual circuits® The concept reappeared in "statis-
tical” multiplexers in computer installations in the 197@sd then reached full
fruit with the development of packet switching. It did oc¢ome at the time that
we could do a limited sort of switching if we had somethingelé patch board to
allow us to direct any channel in the mux to any code conveYesrs later, in the
era of computer time sharing, there was a market for portgete which allowed
terminal users to select a computer to be connected to. Tverseessentially data
PBXs using time-division multiplexing.

There was an ancient Hammarlund Super-Pro radio receivereitab (the
same model in use at W5YM) and a Navy-furnished FSK conveW.some-
times used these to pick up multiplex signals off the air andtphem. Thus |
learned the meaning of some of those signals | had previdweslyd on the radio
but could not get to print on an ordinary printer.

The military liked polar circuits. Kleinschmidt had a polselector, which

9Bob Reek believes all the production mux systems used tiasifransistor counters; so the
16-channel mux | saw at Fullerton with point-contact comtaay have been a special case. We
know that Western Electric was eager to cease productidmed2iN110 point-contact transistors.

100ne could argue that Varioplex was the ancestor of packétising, as it allocated a channel
among users by allowing them to send at most a fixed-size patketime. | doubt that the
inventors of packet switching were even aware of Varioplex.



pleased the military as it made it unnecessary to use a s to receive polar
signals. Bob Reek handed me a memo from E. J. Cook in Sales sunggesiv
Teletype could meet the competition. His idea was to put dalio series with
the selector magnet so that mark polarity would pass thrdlagimagnet. Then
he had a dummy selector magnet in series with a diode to passntun the
opposite direction. Hence the circuit impedance would beutithe same for
current in either direction, and the neutral selector wangddrate. Bob asked me
to write a report on this, which | did, saying it probably wasnvery good idea.
Many years later | realized that my analysis was as bad asritp@al idea, as |
had failed to consider what happened to the energy stordeidummy selector
magnet when line current reversed polarity. Still it prdigalasn’t a very good
idea, as the advantage of a true polar selector would be lshwsing what was
actually a neutral selector.

Bob seemed to have a drawer full of little short-term projékesthis. | don'’t
remember if it was my first or second summer there that he stiggéthink about
a solid state replacement for the polar relay. He had someany’s solid state
relay that had been taken apart and sketched out. It wag &airdul. In those
days the only high voltage transistor we could get was thed®8\Nand they were
not very reliable. Handling 120 volts and 60 ma. looked likevould require
putting transistors in series to handle the voltage, anddenomplicated driving
circuits. It seemed to me that transistors were a lot bettiéed to low voltage,
high current applications. Delco was producing power isdogs for use as audio
power amplifiers in their auto radios. | figured the best wayefgace the polar
relay would be to rewind the selector coils with 1/10 the liswenber of turns,
use heavier gauge wire, and run them at 12 volts and 600 md.al gt of coils
made up, put them on a 28 typing unit, and tested it with a istorsdriver. All
went well until the transistor burned up - | was at the time t@dve to realize
the need to reverse bias the base when the transistor wasltafin After | left
someone eldétook this idea and ran with it, resulting in the low voltagéeséor
magnet driver used in the Model 32, 33 and 35 equipment. Irriddeunderstand
why the circuit got so much more complicated than | had eamisd it; but then |
never claimed to be much of a circuit designer. Perhaps itdndd with operation
at 110 baud, where my testing of the simple circuit had bewitdd to 75 baud.

| had some other ideas in connection with the low voltagecsetemagnet

1Chuck Winston received several patents relating to cotstament selector magnet drivers;
but the circuit embodied in the 182630 circuit card and usdtié 32/33/35 models of equipment
was patented by R. J. Miller, patent No. 3,293,505, Dec. 2661
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driver that did not come to fruition at the time. Traditiolyaelegraph circuits

were operated on a closed-circuit current loop basis. Tlaike® switching awk-
ward because it is necessary to keep the circuit closed airads, and to break
into it to insert a piece of apparatus. Consider, for example,simple matter
of a printer station with a typing reperforator that is somet to copy what the
printer prints and sometimes not. A way to do this with curideop operation

is to have separate line relays for the printer and repeadgrand to short the
marking contacts of the reperforator line relay when it i$ teocopy. Without

the separate line relays it is necessary to have a complisatich that keeps the
reperforator marking in a local loop when it is not copyingdahat breaks the
printer loop and inserts the reperforator into it when répation is desired. It
seemed to me that with a transistor-controlled selectormmiagre should think
about operating the internals of a teletypewriter set va#y, six-volt signals, and
have an interface to a current loop at the point where we aiaddo a trans-
mission line. We could do our switching inside a set with ooiidsstate logic

circuits, make a low-voltage solid state regenerative aggye(Harold Cook had
designed one), do speed conversion electronically, etthEaeperforator exam-
ple a simple single-pole switch would suffice to connectelestor magnet driver
input to the printer voltage signal. For some reason this idiein’t take hold,

so that even when Teletype started using low-voltage s®lethgnet drivers they
were operated in current loops. The early dial TWX modemssatiicurrent loop
interfaces for the TTY signals, albeit low voltage ones. ésgil didn’t present
the low-voltage set internals ideas forcefully enough titige attention of people
who had the power to take the company in that directfon.

The second summer (1959) | was assigned to repair and canpkeinstruc-
tion manual for the 16-channel multiplex. The engineer wao tlone most of the
work on the system had started on the manual and then lefothpany and gone
to work for Hughes in Southern California. | wound up star@hgost completely
over, as the text the engineer had left behind was fairlynmm@hensible. He was
a very capable engineer; he just couldn’t write. As evideofcihis, there was a
postcard he sent to the department some time after assuisingw job. It read,
“Hi, I’'m having an enlightening affair at Hughes.” And thesas the specification
stating, “...these parts will not be supplied by the supglie

| went to work, sometimes hand writing, sometimes talkirtg entape recorder,
sending everything down to a typist in K. Jean Phelps’ depant. Most of the

12Bob Reek had already thought of the low-voltage selecta;itle recently showed me a page
from his notebook.
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diagrams were logic diagrams. The text covered the systetmedbgic level.
Then another section of the book devoted a page to eachtatardi, showing the
parts layout, the circuit schematic, and an explanatioroof the circuit worked.

There was another set of equipment, the AN/UGA-1, assatiai¢h the
AN/UGC-3. Although it was not classified equipment | was netadd what it
did, not having a need to know. Bob Reek recently explainedtbeiNavy had
a high-speed crypto machine that could encrypt the 16-aanox signal; then
they translated the encrypted signal back down to 16 sepayaichronous low
speed channels that were transmitted over a frequencsiiviink. Even the
four-channel mux had a connector that provided access te sat@rnal signals
for some unstated purpose. The Navy wanted a sine wave |lockesiquare wave
we were providing. | proposed using a low-pass filter to reenthe harmonics
from the square wave. | had a filter company bring in a breadbfilger, which
seemed to me to work fine. For some reason Bob didn’t think tlaattive right
approach to the problem. (He tells me now that he was takeckdiathe size
and weight of the filter; but ultimately this method was usedhe product. |
am sure the production filter was smaller and lighter thanfitber company’s
thrown-together prototype.)

There was no time-division multiplex work at Teletype atteg UGC-3. The
military standardized on independent sideband radio agu#ncy division mul-
tiplexing for telegraph signals. One reason might be justfkxibility of being
able to use a circuit interchangeably as a voice circuit @ B&-channel telegraph
circuit. Another reason might be the effects of multipatbhgargation in HF radio,
which really tears up short signal pulses.

The big project in Bob’s department that summer, and in faseireral depart-
ments, was the F.A.A. Automatic Data Interchange SystemSADhis was to be
a major improvement in the way aviation weather data wagctt and dissem-
inated. It was of some urgency because jet airliners wetecqusing into oper-
ation, making it necessary to get weather data transmistelddr and faster than
before. The architecture (not a term we would have used dirtte) of the sys-
tem was a set of 100 wpm area circuits connected throughfoegtr-transmitter
sets to a high speed nationwide backbone circuit, initiaffgrating at 600 wpm.
The stations on the area circuits were polled for traffic byné lbeing made by
some other contractor (Stelma?). All traffic collected om &inea circuits was re-
transmitted on the backbone at switching centers. Highdspeeches (BRPE)
copied selected traffic from the backbone for retransmisgioarea circuits other
than those from which it originated. For example, New Yorkatter would be
collected on the area circuit serving New York, and theraregmitted on the high
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speed backbone. The switching center for the area circtutrgelos Angeles
would copy New York weather from the backbone and retrangron the area
circuit, making it available in Los Angeles.

Selection of traffic to be copied from the backbone to areeuis (and to
certain other circuits served by the switching centersplwved a magnetic core-
rope decoder developed by Sylvan Silberg. Each weatheragedsegan with a
location identifier of two, three, or four characters, aduog to the station where
it originated. Traffic coming off the high speed circuit pagghrough a shift
register made of flipflops. Outputs of the flipflops were amgaditand sent through
a bundle of wires which were threaded through toroidal tercores in various
combinations. The current in any one wire was enough to inhilzore from
switching when a sampling pulse was sent through anothertat threaded all
the cores. The pattern of threading the cores was such thahyovalid location
identifier in the shift register one core in the rope wouldtstviwhile all others
were inhibited. Outputs from the cores went to the rows of liggboards?
Columns of the plugboards represented BRPE punches on R-T staindsfed
traffic into the area circuits and other 100 wpm circuits. Agtontaining a diode
could be inserted at any intersection of a plugboard to caysarticular BRPE
to copy a message from the originator associated with thabfdhe plugboard.
There were several hundred location identifiers in use; s@tie ropes were an
elegant way to decode all of them at once. The only troubldavoe if a location
identifier had to be added or changed; the wires in the bundlddrhave to be
traced and restrung correctly to detect the new identifier.

Physically ADIS was built in tall cabinets of the kind thatdhlbeen used for
the AN/FGC-5 and for some earlier FAA station equipment. Tleeteonics were
built of standard size circuit cards, like those of the ANACH3, mounted in mod-
ules about the size of shoe boXésThese shoe box modules became a stan-
dard packaging scheme for Teletype electronic and somé&@beechanical as-
semblies. A cabinet could hold two reperforator- transnistands side by side,
plus all the electronics and relays needed to operate thém.RFT stands were
also called High-to-Low (H/L) and Low-to-High (L/H) convers.

One topic | found particularly interesting was the messagéogol, the set of
character combinations used to signal the start of a mestbeggend of a message,

13Silberg patent No. 3,147,339, Sept. 1, 1964

In the mux system the cards were mounted in pull-out drawtesifinto a standard military
rack cabinet. The card sockets were wired with formed cablestranded wire and soldered
connections. In the shoe box modules solid conductor wikkvaine wrapping were used to
interconnect the card sockets.
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the end of a collection of messages, etc. ADIS was a Baudarsysb there were
no single control characters set aside for these purposetesign a protocol one
had to find combinations of Baudot characters that would nozioly chance in
message text and would not destroy the appearance of thegopy. ADIS
used combinations such as CR-CR-LTRS and FIGS-CR-LTRS. | was geiting
terested in message switching systems and the differerteshof protocols they
employed. Teletype’s involvement in switching systems keagricted both by the
1956 AT&T consent decree and by the position of Teletype enBell System.
Any system likely to be offered to Bell System customers wdadddesigned by
Bell Labs, who regarded Teletype as merely a component suppkletype was
allowed to design systems that appeared to have no futuneBeil System cus-
tomers; and because of the consent decree the governmetiterasly customer
whose systems business Teletype was allowed to pursue.

| was faced with a two-week involuntary layoff during the aahplant vaca-
tion shutdown. Somehow | was able to display my prowess asfarptor oper-
ator (developed during many hours on the air operating telditype at W5YM);
and the people involved decided it might be useful to have rmeral to prepare
tapes for ADIS testing, which was urgent enough to continuend the shut-
down. So | got to work continuously through the summer. Asplaat cafeteria
was closed | would go out to lunch, often to a little burgenjan the corner of
Southport and something. The owner was Italian. He had aljokeéhat seemed
to contain nothing but Mario Lanza records.

One of the problems we discovered when we started puttings4dllitogether
was the result of mixing relay and transistor circuits. Batry had designed an
LBXD control using relays. It turned out to be an awful souréeoise spikes
that found their way into the transistor logic and caused:hef. We wound up
putting diodes across just about every relay winding in trstesn before we got
it to behave as intended.

In 1959, unlike 1958, there was a rather large group of sunstugtents at
Teletype. One | remember from ADIS was John Eisenbies. e Vagnt to work
for IBM in North Carolina and wrote a nice article about data camications
protocols that was published in IBM Systems JoutfAaloward the end of the
summer there was a meeting held for all the summer studaemswack told us
about the difference between engineering school and thevoghd. In engineer-
ing school we were given lots of problems to solve. In the veadd we would
spend more of our time figuring out what the problems are. Tstoener will

5IBM Systems Journal vol. 6 issue 4, 1967, p. 267.
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come to you and say, “This is my problem,” and when you get tckimg with it
you will discover that the real problem is something altbgetdifferent.

It was that summer that Chuck Winston demonstrated ink jettipg. He
had a single nozzle printing “TELETYPE” on a fast-movingswf paper tape.
There was also off in one corner of a lab a high speed drumeprihthink it was
a Signal Corps prototype AN/FGC-36, and as | recall there wdog af thyra-
trons in the electronié¢& My understanding is that Teletype had built the machine
for the Signal Corps but was not interested in pursuing thendstinter technol-
ogy. Kleinschmidt went ahead to produce a product usingtéadinology for the
military and later in a civilian version. Then there was aitaily drum printer
supposedly designed by Kleinschmidt but manufactured byh&m company.

I’'m pretty sure it was that same summer that the tuned-rgsel panch was
being worked on by Dr. Carlson. This led to the DRPE punch a feavs/mter’
The concept was that a steel reed would be held up by an eteagreet. When
current was cut off the reed would swing down, driving a pupoh and then
swing back up, at which time the electromagnet would gragata A by-product
was a lot of audible noise. Being in the lab with the punch (artietime there
was just a single reed in operation) was like being in the saxom with a power
lawnmower or a chainsaw.

Now and then some of us would go to 4100 Fullerton Ave. wheeetithe-
division multiplex equipment was being manufactured. lafe/liked to visit
Fullerton. The Sales organization was in that building; s@uld sometimes run
into Dennis Bobka or another friend. The cafeteria at Fulewas a particularly
cheerful place. And Fullerton was where the interestingmadiucts were made.
Someone told me about the Model 15s made for an Arabic cauting type
basket traveled from right to left; this was accomplishetleasimply by running
the carriage return strap around a pulley, and a few thirkgsthat. An lllinois
Bell switching system called Bellfast was in production thesaw a two-headed
XD; and someone explained that these were used for two apiplns. One was a
low-budget time-division multiplex in which one messages\want in the first half
of each bit time and the second message was sent in the latteRleceivers for
this were simply ordinary printers with the range findersiat§d to sample at the
proper early or late places. The second application wassaoveof the Vernam
cipher, in which a one-time key tape ran in one of the XD heaudisthe message

16Byrnes patent No. 2,927,960, March 8, 1960

17Zenner patent 3,056,546 issued Oct. 2, 1962. As the patetitdentire machine was filed
for in May of 1959 | assume Dr. Carlson was working on some ifipgeroblem for which a
one-reed punch was sufficient. It may be that | am mistakersandthis work in 1958.
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tape in the other. Relays formed the exclusive-OR of the kdyagssage bits, and
that was transmitted. The receiving end used the same hegdwd an identical
copy of the key tape, so that a second exclusive-OR restheedéear text. And |
remember seeing the unclassified portion of some Navy cgyaphic equipment
that used relays to mix key and message bits.

A favorite Saturday morning activity was to walk from the Lsam Y to posh
Michigan Ave., then across the river to the Loop, mingle & crowds, and take
the El or subway back. On one of these walks | passed a buidiege there was
an announcement that a new Univac solid state computer vibeuttemonstrated
one night soon. | went to the demo and took it all in. What thepmidy “solid
state” turned out not to be transistors, but rather taperdooagnetic cores. This
was one of those nobody-but-Univac-would-ever-do-istivay products. What
was not revealed was that in the heart of the machine was &kialatt vacuum
tube clock generator running at 2 MHz. Still, | suppose it wasler and more
reliable than the other contemporary computers employimglreds or thousands
of tubes. Teletype had one of these, an IBM 650, which sat iragsgld-in air-
conditioned area at Wrightwood. Both the Univac Solid Stat the IBM 650
computers used magnetic drums as main memory and thus wiriéyaslow (but
still faster than a roomful of people with desk calculators)

One of the delights of downtown was Kroch’s and Brentano’skbstore. |
picked up a book there on information theory and discovereffriin coding. |
kept trying to think of a way to apply it to Teletype systemst there just wasn't
any practical way to implement it at that time. Another boakjsition was
Shannon’s Mathematical Theory of Communication. This wasntrgduction to
the idea that band-limited signals could be sampled at mesate the bandwidth
and reconstituted exactly from the samples. | gave somegtiido this in con-
nection with our time-division multiplexing. The theoryeseed to say that if we
sampled teleprinter signals a little faster than the b# va¢ could dispense with
the serial-to-parallel-to-serial conversion. There dideem to be any opportunity
to develop the idea at that time.

Another favorite Saturday activity was to take the bus omsaydelevated to
the South Michigan Avenue radio surplus joints. The onlylre with this pas-
time was the temptation to buy stuff; and the trouble withibgystuff was that |
would have to get it back to Arkansas at the end of the summer.

The best weekend activity was a visit to Ray Morrison. Ray wasrajineer
for Illinois Bell, a ham (WOGRW), and a friend of Merrill Swan. Héso had a
side business refurbishing junk Teletype equipment arthget. His basement
and garage had to be seen to be believed. A visit to Ray staitacawide on
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the subway/elevated all the way to the end of the line at HOVv@&r Ray would
meet me there with his car and take me to his home in SK8Kie would visit
for a few hours while he showed me whatever he was working ome @ his
projects was connected with Telephone Pioneers and inygivimting Braille
with a Teletype printer. On one occasion Ray had a bunch of @deé¥114 tape
strip printers that had apparently been used by the WeatheraBuas they had
the weather type arrangement. | believe he was going to by fram Teletype
to convert these into typing reperforators, which someifprgovernment wanted
to buy.

On another occasion Ray handed me a big cardboard box anetsparting
parts into it. Before | realized what was happening he hadngive a do-it-
yourself kit to build a Model 15 out of parts. He drove me a# thiay back to the
Lawson Y, as it would have been too hard to handle the box otrdire The radio
club at Lawson had two rooms: one kept clean for radio opegand one that
was more of a work shop. | spread out all the parts on a tableeirsthop room
and went to work with Gunk and rust remover obtained from almehardware
store. Bob Reek got me a set of Model 15 manuals from the Salasiaggion.
He may have also liberated a paper crank from the stash of ffaat was kept
in the test lab. Ray said a paper crank was the one thing hercbglde me, as
they were always missing from the machines he got as junkok most of my
spare time for the rest of the summer to do it; but by the timas veady to leave
Chicago | had the machine working. Just down the hall fromalaéorrooms there
was a piano practice room. Someone — | never saw him — prddancessantly,
playing nothing but “Home on the Range” over and over and iatdy messing
up the rhythm at the very end. So | was forced to listen to théty recital as |
worked. The reward for an evening’s work was always a dashdsmhack bar to
get a chocolate sundae just before they closed.

Ray also gave me a rack cabinet which he was going to throw aveayng
removed the contents for his purposes. | kept it in the ragkomr and gradually
filled it with acquisitions from the surplus stores and uliely with the Model
15. | prevailed upon one of the friends in the radio club tot\aaiouple of weeks
after | had left and then have a truck freight company piclpiand ship it to me
in Arkansas.

Ray liked to tell about how he wanted a DXD. Teletype gave hinelavery

18This was several years before the beginning of service oSkio&ie Swift extension of the
elevated. The tracks later used for the Skokie Swift werbatdttime used by the old North Shore
Line railroad.
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date far into the future, so he bought all the parts and putrthehine together
himself.

At the time | was a member of Civil Air Patrol. The Illinois Wirdgeadquarters
was in a downtown office building. | would go there one nighteel after work
and help out with the office work. It was a nice opportunity ecsdmething useful
and to be among a group of friendly people.

William Shirer in his autobiography tells how he went to Bamithe 1920s and
got a job with the Paris edition of the Chicago Tribune. He uvsts his delight at
living in Paris with all its culture, the contrast with hisidoog home town of Cedar
Rapids, lowa. I'm sure | was just as delighted to be living indalgio as he was to
be in Paris, experiencing life in a big city and doing intéiregswork with leading-
edge technology among a great group of people. (I enjoy mg&ershwin’sAn
American in Paris. It works just as well for an Arkansan in Chicago.)
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Ill. From the halls of ivy to the wild blue yonder

Back at the University | had spent a certain amount of timeystgpiteletype-
writer switching systems. Western Union sent me some titeeeon one of their
systems; and the telephone company got me some materialthbd®L-systems.
We had tons of parts lying around the lab, so | had startedibgilsome things...a
circuit to route messages to machines in a certain prioritigip and a circuit to
control the XD, skipping over the blank or LTRS feedout betweessages and
pausing for a go-ahead at the start of a message. | wrote daedrwaving pa-
per about a planned switching system and presented it atte #ident paper
competition. In retrospect | should have taken all thisfsbut when | gradu-
ated, as nobody who came along later could make any sensamf ihe Teletype
equipment fell into disuse.

Sometime while | was in school we had a visit from the Telesuil presume
Fayetteville just happened to be along the route it was gaimgvay and the
crew decided to stop for a day’s rest. It was nice to see tlesti@roducts nicely
displayed, and to show friends the kinds of things that wesi@ddone at the
company where | spent my summers.

For some reason | didn’t do a senior project related to Tpkstynstead |
wanted to build a radar. We had a lot of pieces of World War tpkis stuff lying
around, so many of the necessary parts were there. The patvesupplied a
pole transformer that run backwards would produce abouv.15kever got very
much of the machine built. Then Walt Cannon got the Army to dem@acouple
of surplus SCR-584 radars. One of these was straight out of WYkl other
had been extensively modified by some aerospace companythegolder radar
to work from time to time. We were afraid to leave it turned on finore than a
few minutes at a time because we had no FCC license to put aoadae air.
The only thing we ever detected with it was a water tank on aayeaountain. |
guess there was some educational value in going throughrtiais trailer full of
electronics and more or less learning what it all did. It@ety was fun.

There was a psychological benefit to working at Teletypel @Ippose, at any
real-world industry). Our lab at the university was piledthiwith leftovers from
World War Il. Even though this stuff was fifteen years old itsssomething of a
damper on our creativity. The war had been a time of such raguilinological
progress that it was as if we were living in the shadow of a gakten age. One
could spend all his time just trying to understand what aipressgeneration of en-
gineers had already accomplished, rather than learningémt new things. The
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work we were doing at Teletype involved entirely recent tedbgy: transistors,
logic design, printed circuits, magnetic cores, and usiogl@enn oscilloscopes. It
invited one to put the past behind and get to work on the future

| graduated in January, 1960, and having gone through ROT&2ezhthe Air
Force a couple of months later. Those were the days when merdidh’t take
ROTC were liable to be drafted immediately upon graduatibmas assigned
to Edwards AFB in the Mojave Desert of California. | had veryed feelings.
On the one hand it would be nice to see California, and to béy fagar my
friend Merrill Swan and all the other activity there. On thider hand Edwards
was an airplane test base and had nothing to do with the comatiom systems
engineering that | really wanted to do. What | didn’t know uhtjot there was
that Edwards also had a facility for testing rocket engia@sl that was to be my
assigned work for the next year and a half. Well, maybe thatidvbe fun. Some
of ust® had played with rockets in college, and now | could get intortkal thing.

It turned out to be a stereotypical government project. &lveere twice as
many people on the job as were needed. The electrical emgigegas entirely
trivial. In any case it wasn’'t needed until the mechanicalkam the test stand had
been done, and that kept falling behind schedule. Eventtradlproject got so far
behind schedule that even the people running it admitteldoitilsl be cancelled.
(We would have been testing a rocket engine that was no langaoduction.)
During the eighteen months that | was on this project | hadynsimulating
discussions with my office-mate; we found a lot of interggtiaports and other
matter to read; and | got a lot of ham radio equipment desigriecbntinued
thinking about switching systems and designed and builtesequipment to be
used in one. Because they were cheap, and also because | wgsiubénsical,
most of these designs used vacuum tubes. | started out withirggtgenerator
that produced pulses for each of the elements of start-stapacters. This was
based on a transmitting distributor designed by Bob Weitiirand used a matrix
of neon lamps for decoding the states of a binary counter.tiaralesign using
neon lamps as switching devices generated all 32 charadtérs Baudot code by
gating the timing pulses appropriately. That is, there @@reutputs, each provid-
ing one character repeated continuously. Then | built aescpigenerator, using
a thyratron ring counter design taken from the Teletype ABIFS multiplex,
which transmitted a sequence of characters by selectimy fttam the character
generator. And | built radioteletype converters, a cofgrdlor an FRXD, and

19 ed by the late Mike Dertouzos, who went on to head the Laboydbr Computer Science
at MIT.
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various other equipment. | worked out a hubbing scheme ad ehuaisioned for
the low voltage selector magnet driver project, but usinggroracuum tubes and
ordinary 60ma selectors. It worked very satisfactorily.rote up a description of

it for Merrill's RTTY magazine. | don't know if somebody at Teletype saw that
article or if it was a case of independent invention; but ssweears later at Tele-
type | saw a factory test fixture that used vacuum tubes tadrilot of selector
magnets from a single test message source.

My office mate, Wes Sherman, had a brother-in-law living irs lLAngeles
who had a one-man business designing and building electeguiipment for the
movie industry. One of the items he was called upon to desamanfiim footage
counter. Wes helped with the design. | suggested using samgdike the bipo-
lar ring counter we had worked on at Teletype. He implemeiitadth power
transistors so that it was able to drive indicator lampsatliye

Wes was married and thus had a house on base. When | first gotvarésd
I had a lot of my equipment shipped out there, but had verytéichspace in the
bachelor officer quarters. Wes invited me to set up my RTT¥atan his garage.
We operated it from there for a year or so until | was given @oldal space in the
BOQ and was able to move the station there. This station dedsid the Model
15 that | had built in Chicago, plus an old military surpluswaitter and receiver.

After the rocket engine project was cancelled Wes was abjet@n assign-
ment to an instrumentation group on the main base, wheretus fvas airplane
testing. | obtained an assignment to a communicationdreldcs staff office,
which promised a variety of work. One man in the office workellitime on a
sort of inventory of electronic equipment on the base. Aaothan was the fre-
guency coordinator. At a place like Edwards there is a comstaed to assign
frequencies for radio communication and telemetry to weri@st programs, and
to try to insure that the various operations do not interfgth one another. There
is also an attempt to insure that new electronic systemdragrat the facility do
not cause interference to ongoing work and are not disaljedtérference from
existing systems. One of our activities was to draw up smatiins and begin
procurement of a mobile van that could be used to track downces of radio
interference. This work entailed some interesting trip@tiantic and Pacific
Missile Ranges, to learn how they did interference probletvirsp, and addi-
tional trips to Florida where the contractor selected tddothe equipment was
located.

Some organization on the base had a requirement for HF comatiom with
aircraft from a vehicle on the ground. They were using a Wavlt 1l-era Navy
TCS radio set with many shortcomings. Almost invariably tkeuld lose com-
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munication with the aircraft and have to curtail or repeahsdests, at great ex-
pense. About this time the Collins KWM-2 single sideband aomrateansceiver
came on the market, including a configuration that fit into m§anite suitcase.
My boss saw the ads for this and figured it could meet the nekte dest pro-
gram and would be a great improvement over the TCS. The calopstairs who
had to approve the purchase were not sure. This was ham rqdipneent he
was proposing, not a military-spec set; and the name Collmhs'tdnean much
to them. (Among radio amateurs Collins had a top-notch rejomtaCollins was
also a leading supplier of avionics and military radios. @dilins and Air Force
Chief of Staff General Curtis LeMay were personal friends, ai. it was proba-
bly their friendship that was instrumental in converting #ir Force from AM to
SSB for long-range voice communication.)

| went to the Base Exchange one morning and bought a cofohagazine
and brought it back to my desk. On the front cover of that paldir issue was a
photo of Gen. LeMay (who was a ham), in uniform, and some ystargising
some radio set of the day. My boss saw that picture and askédrtow the
magazine for a few minutes. He took it upstairs and showedal thé¢ colonels,
saying, “Now this is the equipment | am proposing we buy to thoee needs.” It
didn’t matter that the radio in the picture was not a Collinalgtthey didn’t know
one radio from another. He came back a few minutes later Withesignatures
needed to buy the KWM-2. When the equipment came in | got to takame for
a couple of days to try it out on the ham bands. Later this santed€ equipment
was used in large quantities in Vietnam. It was availableuargity and it met the
needs of certain units in the field.

It was during this time that | first got up close to a digital qurter?® Edwards
had an IBM 704, a vacuum tube machine which by then was fairbplate. The
computer was kept busy with scheduled work during the dayeseting. On
graveyard shift engineers with problems to solve were ahbto use it hands-on.
One of my friends from the rocket site was an aeronauticalneeg who was
doing some work in FORTRAN, so | asked him if | could tag along tiext time
he was going to do a computer session. He told me to dress wdradause they
kept the temperature in the computer room around 60 degré@ptove machine
reliability. We got to the machine room just before midnightl met several other
engineers who had signed up to use the machine that nighid€havas that one

20| had taken the one computer course offered in Electricairi&sging at the U of A; but we
didn’t have a computer there at the time. During my last séendbere the Agriculture school
acquired a Bendix G-15 computer, which was to be used to lreksl | never got to see it.

22



would run his program, and while he was figuring out how toectrthe inevitable
errors another would be using the machine.

The lone computer operator turned the machine over to us etivéd to a
warm office. The process was to read some cards that stagkeBQRTRAN
compiler, then to read a deck of cards containing the progvamorrid old 100
lines-per-minute printer would produce a listing; and i tbrogram wasn’t too
bad the machine would eventually punch out a deck of cardsong the exe-
cutable program. Then you put those cards in the reader anddthe machine
again. All this was accompanied by much spinning of reelsapét One of the
engineers was quite knowledgeable about the computer. Hé&sd at the con-
sole and now and then stop the machine and examine sometthing big panel
of lights; or maybe he would manipulate the switches to dltervalue of a vari-
able or part of the program. The rest had to make do with wieaptimtouts told
them. After a few hours of this, during which | closely exasdra lot of the hard-
ware to see how it was built, one of the engineers concludadiie machine was
malfunctioning. He called in the operator, who ran a tesgpam that confirmed
something was wrong. The operator said he would notify the figld engineer
when he came in in the morning, and we all went home to bed. &aghts you
get your work done, some you don’t,” was what they told me.

A little later the 704 was replaced by a more modern IBM 7090distorized
computer. | mentioned earlier that in those days transist@re fast enough for
use in Teletype equipment but were too slow for computersthén7090 IBM
had got around the problem by using some special kind oft*dréinsistors and
emitter-coupled logic. The transistors were fast (wellM#8z was fast in those
days) only if the collector-to-base voltage was about 6svolfio get around the
voltage offset from input to output there were circuits WHRN transistors and
one set of logic voltage levels, and others with PNP traossind a different set
of levels. Logic designers had to alternate stages of ¢g@fithe two kinds. It
took quite some time for IBM to get the 7090 all installed andkirrg, perhaps
a couple of months, so | got a good look at the innards of thenimmadefore it
was closed up and the machine room was closed to visitorsadthwilt out of
the IBM SMS circuit cards, slightly larger than those used éleflype and having
thinner lines and more edge connector fingers. These candsageembled by
automatic machinery. The backpanels were all wire-wrappgdmatically by
Gardner-Denver machines. | later learned of somethindyreadird about the
7090. It used an eight-phase clock. A cable carrying thekctognals between
two cabinets had as much time delay as one phase of the clbekwife labelled
“phase 1" at the sending end of the cable was labelled “phaaetBe other end
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because by the time the phase 1 pulse got through the cabienthevas phase 2
at the sending end. This could have driven someone battyla wvath different
names at the ends of a piece of wire.

For some reason the 7090 systems employed the same lousgnaahines
and line printers that were supplied with the 704. These wewer used in nor-
mal operation. Instead every 7090 site had at least one B8mall computer
which was used as a card-to-tape and tape-to-printer ciemv&ard decks were
fed into the 1401 and written to tape; then the tape was mbnonalved to the
7090. A small monitor program in the 7090 read the tape andh@nobs one
after another. Output went to another tape drive. When theubaape filled up
it would be carried to the 1401 for printing. The 1401 hadlyeaice peripherals,
especially the 1403 printer. This ran at 600 lines per miantkused a print chain
rather than a drum. It was very impressive to watch; and iteveadimpressive
amount of noise. It was really a new generation of printirghtelogy. In drum
printers the same character is present at all print hamnsgtiquus at a given time.
In chain printers there is a different character at each hanpasition. Hence it
was necessary to scan all the characters in the chain andacerith all the
characters to be printed before each hammer strike timeghEand users the big
improvements were in print quality and in the possibilityh@fving changeable
print chains with different fonts. With drum printers angntng errors in the print
hammers cause characters to be printed above and belowithéng, which is
highly noticeable. With chain printers the timing erroreat the horizontal spac-
ing between characters and are much less noticeable. Chatargechnology
was later adopted by General Electric for the Terminet teamsiand by Teletype
for the Model 46

The 1401 was a fairly slow small computer, built with compésary sat-
urated transistor logic. Texas Instruments had develope®N130x family of
transistors, pretty slow by later standards but faster tiizat had been nornval
The circuits used NPN and PNP transistors in alternating lstages, as in the
7090, but for a different reason. The transistors were @péria saturated mode,
so the two different voltage levels were just a matter of hong turnoff bias to
the transistor bases. The NPN stages might have emitterswatdjand collector
pullup resistors going to +12 volts. The PNP stages thendavbale emitters at
+6 volts and collector resistors going to -6 volts. This se¢émsave some parts

21Brodrueck patent No. 3,845,710, Nov. 5, 1974

2|n fact, IBM had developed automatic machinery for makingtitansistors. Then IBM man-
agement decided they did not want to tie up capital in compbnenufacturing and sold the
whole works to T.I.
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count because the collector pullup resistor of one stageastie base pulldown
resistor for the following stage. Each transistor stage avasltage inverter but
was not considered to invert the signal logically. A logiearter was an emitter
follower, so it didn't invert voltage.

For their transistor machines IBM had developed an elaboleg®n automa-
tion software system. Engineers drew logic diagrams oniapshkeets, which
were then keypunched by clerks. The software worked out thaghof the ma-
chine. It had a data base of all the different circuit cardst ould check for
things like overloaded signals and incompatible connasti®Vhen all the errors
were got out it would generate a card deck of instructionsaf@ardner-Denver
wiring machine and print logic diagrams on a line printengsa special font that
included vertical and horizontal lines and corners of boxeside from the sav-
ing in drafting labor this practically guaranteed that thgi¢ diagram agreed with
the way the machine was actually wired. Logic signals cowaldehfairly long
names, enough to make the logic diagrams largely self-eapday and reduce
the amount of written explanation of how the logic workedw#s quite an im-
pressive accomplishment, particularly in an era when alaamputer had 4096
36-bit words of memory.

My engineer friends complained about the IBM 7090 operatioey were no
longer allowed to come in late at night and have hands-onsadoethe machine.
They had to leave a card deck in the evening and pick up théselsa next morn-
ing. The slightest mistake in the cards meant waiting anmathg for results. One
group of engineers on the base had their own IBM 1620 compitas was a
small slow machine. On this particular one the only printeswan IBM electric
typewriter, so they had to learn to write programs that sbtheir problems with-
out producing much output. Edwards AFB at that time also hidge punched
card accounting operation using electromechanical cachmaery.

Another facility on the base was Central Timing. There wevess racks full
of vacuum tube logic modules which encoded the time of dayarttigh speed bit
stream. The signal was broadcast all over the base by a pdwitf transmitter.
Every measurement site on the range — radars, phototheegjalnd telemetry re-
cievers — had a receiver for the time signal and recordedittstrbam along with
measurement data. Thus it was possible to time-correlatsunements taken at
many different places. Mostly measurements were recorge@shalog signals on
one-inch magnetic tape. Atthe conclusion of a test the dadadbe digitized and
run through the computer, first to convert raw numbers intmkmphysical quan-
tities, and then to time-correlate the measurements animigstlike triangulation
from tracking sites to find the actual path of an aircraft. @héhe engineers in
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the instrumentation group undertook a very large projessjghing and building
a special-purpose digital system to pre-process the daés t@nd greatly reduce
the amount of work the computer had to do. The design madesxteuse of
ready-made digital logic modules. In this case they werel sthte. At the time
there was quite a market for digital logic modules with sal’feompanies being
in the business of producing them. Digital Equipment Corp.st@rted by manu-
facturing such modules.

A colleague and | were sent to work on the radio system at defitrang.
One problem was simply a need to change the radio frequenithyedystem. A
more serious problem was that the contractor who had otlgidasigned the
system had given no thought to bandwidth. The transmitter mwadulated with
fast-rise-time pulses, so that the signal occupied manyairextg of bandwidth.
This had been tolerable at one time; but now there was moreifor frequency
space and the timing system was seen as very wasteful. Adsoothitractor who
built the transmitters was apparently not well versed in VRIF design; they
were full of parasitic oscillations and tended to transnmitfiiequencies of their
own choosing. The system was completely duplicated forlawty, so we were
able to tear one transmitter apart while hoping that therathe didn’t break. As
it was, we had to do our work late at night so as not to get in tag 0¥ the people
who used the equipment in the daytime. Maybe that is why Itdemember how
our project turned out.

At one point the base was told to appoint a cryptographic effiand | was
chosen. After some time the necessary security clearamge ttaough. | never
had occasion to use it beyond having a sergeant point toypé&graphic machine
and tell me that was what it was. Another of my occasionaleduivas MARS
(Military Affiliate Radio System) director. | collected somguipment to get the
MARS radio station on radioteletype, but never managed tit gebperation on
that mode. Maybe it was because | already had a RTTY statiomyilguarters,
so there was no particular urgency to get another statiamggehen nobody else
wanted to use it.

| was also put in charge of AUTODIN installation. This didirivolve much
real work, as all the planning was being done elsewheret hjag to know what
was going on and answer people’s questions as they arose.

AUTODIN was one of those military projects that started oua#i and simple

230nly after achieving a profitable business producing maiuwere the company founders
allowed by their financiers to build computers. At the timerstfiwrote this Digital Equipment
was a major computer manufacturer. The company did not sdcicetransitioning to personal
computers, was acquired by Compag, and then Compaqg waseattpyi Hewlett-Packard.
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and grew like a tornado until it had everything swirling andunside and had the
power to do a lot of damage. It started out as a simple upgm@OMLOGNET
(COMbat LOGistics NETwork). The original COMLOGNET considtef IBM
card transceiver machines located in base supply offidesprahected by private
lines to a hub at Tinker AFB, Oklahoma. Message switching Wwasetjuivalent
of torn tape, card decks being carried from receiving mahito transmitting
machines at Tinker. | suppose the Army and Navy at that timgethair own
similar arrangements for processing supplies informatirivate lines were nec-
essary because in those days there were no modems avaitabléhe telephone
companies and connecting foreign equipment to the switobedork was strictly
prohibited. The IBM card transceivers came in two versionse Osed telegraph
signaling and telegraph private lines. The other had luithodems to work over
voice-grade lines. | believe there were several modem é&eges so that several
transceiver pairs could share a voice-grade line.

In that same time frame each of the three services had its dmnéstrative
message system; and as might be expected each service didrigrdly. The
Air Force had Plan 55, a Western Union system using mostityfpé equipment.
The Navy had an 82B1 system from the Bell System, also usingypslema-
chinery. The Army had a military-nomenclatured system (AGIC-30) built for
them by Automatic Electric and Kleinschmitft. There were standards for mes-
sage format so that messages could be gatewayed from ome teygsother. All
of these systems were based on paper tape store-and-faegarwlogy. Plan 55
made some use of vacuum tube electronics within the swigatenters; | believe
the others were almost entirely electromechanical, perbamg some electronic
timers. All used Baudot code. All the services had other comioations systems
as well: e.g. the Air Force needed aviation weather and fptn data interoper-
ating with the FAA air traffic control system. The Army’s AlEleinschmidt sys-
tem was depicted in a civilian version in the Kleinschmidiadag; | don’t know
if any were ever sold. A feature of Plan 55 was 200 wpm croBseofransmis-
sion, using electronic sending and receiving distribuéord LARP parallel-input
punches. It also used Western Union’s loop-gate transmiteequirement of the
system was that message routing codes appear in the finalkoofpll messages.
In some earlier systems the routing codes were used to setugctions and then
were lost, having already gone through the tape readerdo®dpegate transmitter
held the tape, forming a loop, as the routing codes were teatirst time. Then
it could shift the loop of tape for a second reading to transh@ routing codes

24t is not clear to me whether the Army system was ever actaiployed.

27



cross-office ahead of the message.

The original COMLOGNET had a number of shortcomings, makhmey Air
Force interested in a replacement. The card transceivasgdbon the standard
keypunch machine, were slow. They were not designed wittcbimg in mind;
there was nothing to separate messages, nor to signal whessage was com-
plete and ready to be switched. The many private lines, attiteating at one
base in Oklahoma, were expensive. There was no encryptiatsid® of COM-
LOGNET there were other card transceiver systems. EdwaF #ad two of
these. One ran to an office building in Pasadena, where theseaw operation
that had a very strange early computer, and a few scientistpeogrammers.
The other ran to a Navy base at El Centro, where the Air Forcepdidchute
testing under supervision from Edwards.

The replacement system was first called COMLOGNET, then AFRIZDM,
then AUTODIN (Automatic Digital Network), and eventuallyd AUTODIN
when it became the one message switching system for all titeanyisevices un-
der the Defense Communications System. The idea was to ugait@ntechnol-
ogy for switching centers and a common code something ligkl&fa throughout
the system. Western Union was the prime contractor, seig®ICA to supply
the switching computer equipment and IBM to make some of timeital equip-
ment. The most common terminal was the Compound Terminagnacdating
both punched card and Baudot Teletype message originatireaeption. IBM
made a refrigerator-sized box of electronics that did cadwersion, error detec-
tion and correction, and synchronous transmit and recéliVes connected to a
modified keypunch machine and a Teletype Model 28 ASR set.trafic was
to be encrypted, so the terminals had to be located in seaailé@iés. This was
not pleasing to the former COMLOGNET users who were used tmbatie card
transceivers in their own office areas.

There were also magnetic tape terminals. The intention evessaid and write
tape in the native mode and code of whatever computer wasaigeldase, trans-
mit in the common system code, and connect to a tape driveeatttter end that
might be for a different kind of computer and use a differame smode, and
code on the tape. Tape terminals would use circuit switchatiger than message
switching so that the possibly very long messages on tapédwunt have to be
stored for forwarding by the switching centers. Circuit hihg was also to be
available as an option with teleprinter terminals, allogve®cure conversations to
be held.

Later there were other kind of terminals. In particular theivdc 1004, a
programmable card and printer remote job entry terminahecanto wide use as
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an AUTODIN terminal. There was also a terminal based on ansEimidt ASR
set for situations not requiring cards or high-speed prgti

My involvement with all this was quite limited. | visited Resena and El Cen-
tro to see where the equipment was to be installed and explaanfacilities work
had to be done. It was fairly disconcerting to the usersjqadarly at Pasadena,
because they didn't have a lot of space, had never dealt witlo-secure fa-
cility before, and the exisiting card transceiver setupkedrfine for them. But
there were to be no exceptions to the policy that AUTODIN wlordplace all
existing card transceiver installations. | don’t know wiestAUTODIN was ever
installed there; it was such a small outfit with such a straange® obsolete com-
puter that it was never clear to me that what they were doing) meessary or
useful. I got to see an AUTODIN switching center as it was urmdastruction in
San Bernardino.

During my assignment to the staff office | got the AF to send ma tom-
munications conference in Chicago. | was able to get in a tasifeletype in
connection with that trip, which was in the winter, probabfy1961-1962. R&D
by then had moved to Touhy Ave. | remember being told aboutaevoltage
selector magnet driver in the 32, 33, and 35 line. | also rebeerbeing shown
a room containing a large amount of relay equipment in cabjradl in opera-
tion and making a very busy sound. If | remember correctly tis part of the
Delta systent® | don’t know what a room full of relays had to do with the Delta
system - | bellieve it was for interchanging traffic with otlaérlines having store-
and-forward switching systems. Of course it was excitingiéw the new R&D
building which was such a contrast to 1400 Wrightwood.

| believe it was at this conference that | saw a high speedegrmade by Mo-
torola for the military. This used a dot matrix principlecoeding on Teledeltos
papef® with a moving print head. The paper moved continuously; dedptrint
head traveled on a slant so that it kept up with the paper moBy the time the
print head had moved off the right edge of the paper and anptitg head had
taken its place on the left the paper had moved just enougtatb@inting on
the next line. Hence there was no need for a line feed meahanisis kind of
stunt was never acceptable to Teletype because it reqhiae@lt print lines take
as much time as if they were full of characters. Teletype [@oysisted that a
printer given a short line should print that line and immeéelyabe ready to start

25|t was always called the Delta system because it was desfgnBelta Airlines. Later United
Airlines got a similar system. The Delta installation wa®rsgeplaced by a computer-based
switching system. The United system was removed after th®®/fariff was disapproved.

26a dry electrosensitive recording paper developed by We&taion. More about this later.

29



the next line.

Although I had nothing to do with it, | will record what | haveard about the
Delta system for the sake of documenting it. | guess what tistoener wanted
was a conventional store-and-forward message switchisigsywith mnemonic
routing codes. What AT&T proposed was to simulate such a systgng the
voice switched network.

There were a lot of good reasons for doing it this way.

The marginal cost of carrying message traffic on the switakesd/ork is
practically insignificant.

There is no need to build and install special switching eapaipt for a par-
ticular customer, who may decide to adopt some other swigchystem
long before the equipment is amortized.

There is no need to build a dedicated network of telegrapiuits.

The customer doesn’t have to provide floor space and perktamrssvitch-
ing centers.

On the other hand

The switched network is controlled by dial pulses, not by maeic codes.

The switched network provides no storage; so any storagéohaes at the
originating station.

The switched network was designed for hearing callers. Gaftey en-
counter various call-progress tones, recorded voice am®ments, inter-
cept operators, and ordinary telephone subscribers inabe of a wrong
number. There are various kinds of switching offices with eaimat differ-
ent user interfaces.

The switched network has no capability for multiple-addnegessages.

The way it was implemented required a horribly complicat&RAset to be
installed at each customer site, rather than concentrtsagomplexity in
a central office where maintenance personnel are alwaysiblai

The problem of various kinds of switching offices was avoitbgdconnect-
ing all the customer stations to a particular kind of crossifface, using foreign
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exchange lines as necessary. The problem of mnemonic gocides was met
by the Codom&t. This was a sort of rotary card file attached to the side of the
message preparation ASR set. Tabs on the cards were pritfearnwemonic
codes. The cards were punched with telephone numbers. Enatopwould se-
lect the card for the desired message destination and moetto a slot at the
top of the machine. Swinging the card into the slot would aigt@a crawling-head
reader to read the Baudot codes, which got copied into theagedspe being
prepared. | remember a discussion of the problem of pundlindpose cards;
but | don't know how it was solved. The problem was further pticated by the
fact that the destination might be in the same area code odiffiesent one from
the originating station. Hence some code cards had to haea-skgit numbers
while others had to have ten-digit numbers. Then after thlmatch of cards
was manufactured there would be small-lot production n@edeandom times
because of number changes. The ASR set allowed the opet@tag in the tele-
phone numbers manually in case the required numbers weir tied Codomat.
Built into the case of the Codomat was a time-of-day clock tleategated Baudot
output by means of cam-operated switches connected to tdwanigpparts.

Messages were received on RO machines. There was only a simglacter
answerback. (i.e., it was an “Are yau. ?” answerback rather than a “Who are
you?” answerback.) To provide some circuit assurance tlvasea pulse signal
sent from the receiving machine back to the sending macfaiere of this signal
would bring up an alarm.

A most wondrous part of the machinery was the tape reader[LAXe sys-
tem used Baudot code punched into the middle of one-inch @pleger rows in
the tape were used for control purposes, such as indicdteigdginning of a tele-
phone number and indicating a successful delivery. A messagld have several
addressees. The machine would attempt to call the first nyraibeé if successful
would send the message. Then the reader would punch a halereat number,
indicating successful transmission. The reader would thein reverse to the be-
ginning of the message and look for the next unused numbelitolta number
was busy or got no answer the machine could skip on to the nerbar. Only
after all the numbers had been used and the message deliveattchddressees
would the reader move it beyond the place where it could bkeghidack. | am
not clear on whether entire messages could be skipped leechlmisy line or
no-answer to allow other messages further down the tapetrahemitted. There
was something about sending an undeliverable message mteacept number if

277enner patent No. 3,014,093, Dec. 19, 1961
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it was undeliverable to the intended addressee after soméernof attempts.

Messages had to be in a specified format adopted by the ambiustry. This
required header and trailer sequences typical of a rea-stiod-forward message
switching system. There were stepping switches in the botibthe ASR set to
generate these character sequences. Part of this was ewsterfor each station,
to generate its own address code. In addition to the comp&R et - the bottom
compartment was completely filled with relays and steppwigches - there was
a big box of telephone equipment, consisting of a modem araditodialer.

Meanwhile, back at Edwards AFB, after a while | was assignddobihe
staff office and into a group that did analog computer sinnutet of aircraft and
spacecraft. That seemed like a bad end for an engineer whbneaght up on
digital technology; but it turned out more or less all righttad the opportunity to
design some hardware for a change; and some of it was somdigfiat. | built a
circuit to time-share an oscilloscope display, using adtngn ring counter circuit
once again taken from the AN/FGC-5 multipl€The unit had asked for some
engineers with analog computer experience; what they go¢ waathematicians
with digital computer experience. One of my duties was tewrthem the basics
of analog computers, after which they went off to do wondenfiathematical
things I never could have done with that or any other kind ohpater.

Then there was the Packard-Bell 250 digital computer. | hat sesome-
where on the base earlier, perhaps at Central Timing. Laterried up in the
instrument building where another engineer was trying pairgt and showed me
what he was doing. After a while he got too busy to deal withve in the analog
computing branch managed to get our hands on it, as we weilgrtgiat the time
about hybrid analog-digital computing and thought it migetworth our while
to play with. This Packard-Bell company, no relation to thesgnt company that
acquired the name, was | believe the offspring of Bendix Coesdgnd an ances-
tor of Scientific Data Systems. The PB250 computer was afititey, occupying
about a third of a desk top, not counting the Flexowriter usednput/output.
It used wire delay lines for memory and serial-by-bit arigtm. | worked on it
every day for some time, searching out bad transistors atedj and in the pro-
cess became very familiar with the principles of operatiiter a while | noticed
that near the end of the day | would have it fairly close to beaperable; and
then the next morning it would be in much worse shape. It wasestiime before
| realized that the sergeant in charge of the shop was hakienghen run a floor

28| this case the reason for using tubes rather than trarsistis to get a large voltage swing
to apply to gates controlling the analog signals.
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polisher every afternoon just before quitting time. The fflpolisher was plugged
into the same outlet as the computer. When it was turned ondenaabig dip

in line voltage. When the voltage came back to normal the duwipliage of the

computer power supply would overshoot, usually taking detaasemiconductors
in the process. After that | made sure the computer was ugptigrhen the floor
polisher came out; and | made steady progress until the ctampias more or
less working. We were able to load a long paper tape that gevmachine some
kind of programming system a little less awkward than punaby machine code.
It took a long time to load the paper tape; and then of coursetdmory contents
vanished when we turned power off. So far as | know the maaméver did any

useful work at Edwards. | don’t know if they did any useful wWaisewhere. We
were talking to the manufacturer of the analog computergtEeaic Associates,
about hybrid computing. They said there was an interestavg machine on the
market, the PDP-1 from a new company called Digital Equiptmen

Spare time activities at Edwards included frequent vigit§errill Swan in
Arcadia, about a two-hour drive from the base. Many Sundégradons were
spent in Merrill's amateur radio room, discussing the finafzoof radioteletype
and the latest news about Teletype equipment. Merrill'tHaoEverett worked
for a Bell company and kept him informed. A visit to Merrill abist always
included a stop at C&H Surplus in Pasadena to look at the ldtgstus of the
computer and aerospace industries. Over a period of timguied a collection
of samples of digital circuits packaged in quite a varietyvafys. | also picked
up a bunch of surplus delay lines, with the idea that | mighheday make a
computer along the lines of the PB250.

| had a few visits with Bob Weitbrecht as well, either drivirmghis home far
to the north near San Francisco, or at his mother’s home meSi¢adre. When |
got out of the Air Force | spent about a week at Bob’s home bdiessling back
to the midwest. Bob worked for what was then Stanford Reseastitute, now
SRI International. He gave me a tour of part of the place. Omgthremember
seeing was a read-only memory constructed with U-shapeiefeores through
which wires could be threaded. Ferrite caps were placedtbeeypen ends of the
U-s to close the magnetic circuit.

Before | went into the Air Force | had given some thought to mgki a career.
Not long into the actual experience it seemed that | had toshdetween being
an officer and being an engineer. | was too design orienteeé twappy working
in a situation where all the design was done outside. Pertiegre was some
place in the military where | would have been happy to work; fimding it and
getting into it seemed an unlikely possibility. As my tourcafty neared its end |
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had a job offer from Teletype and an interview with a compamyirginia, where

Walt Cannon was then working in addition to teaching at a usitiethere. The
Virginia company did antenna work, mostly for the militaryated to disappoint
Dr. Cannon, but it didn't seem like the kind of work that | woulcnt to do,

comnpared with what | had done at Teletype.
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IV. From the winding up to the winding down

Having been hired back by Teletype, | made my way to Chicagberspring
of 1963. The entire operation was now in Skokie. | found tiveas$ to work under
Frank Biggam, whose department had at the time DART and thaspaed Type
2 line of high speed paper tape transmission equipment ugsdtloe switched
network. While | was looking for a place to live Frank suggddtéook in Deer-
field, where he was living at the time. | was able to rent an aldde with a big
yard and a basement, allowing plenty of room for my antenndscallection of
radio equipment and junk. The main drawback was that thedhwas just across
the street from a commuter railroad, so there was the nase firains screaming
through at all hours.

DART (Data Analysis of Reorder Traps) was a project for somédgedrating
companies. Their electromechanical switching systems @afele to detect certain
kinds of internal errors. They punched a special card witbrmation about the
state of the machine when an error occurred. | don't belibesd cards were
meant to be read by machine; so they wanted the same infemaiinched into
paper tape for data transmission and analysis by computeu Qostello had
charge of this project. Warren Foxwell worked on Type 2 Dag¢asl. This used
CX readers and BRPE punches and Bell Dataphone 202 modems. |wess Qi
Type 5 Dataspeed, which some other engineer had alreadgdstarhis was to
use Bell 402 modems, a design that gave a low-cost transraittean expensive
receiver. This made a nice combination for data collecti@tesns in which there
are many senders and one receiver. The transmitter ciragitaNot like a Touch
Tone dial. It used only two transistors to generate 9 tondse dperation was
8-level parallel, plus a timing channel. The system was #&the CX reader and
the DRPE tuned-reed punch, with a new punch driver being dediypy Gene
Sullivan.

My understanding is that there were three generations of D&RRErs. The
first, used only in a demonstration model, simply used higtage and series
resistance to operate the punch magnets. Thus it consunwdapgower and
generated a lot of heat. The second had something to do witingtenergy in
inductors, and was used in some delivered proditictBhe third driver, Gene’s
design, applied a high voltage to get the reeds moving ander leoltage to hold
them against the magnets.

| remember spending a day or two at Fullerton, where the octiyity still

29Reszka patent No. 3,191,101, June 22, 1965.
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in the building was putting together the engineering mode system for FAA
Service B, which carries flight plan data. The system was a®BIS, sort of

a pun on ADIS®* There were also pieces of CODIS lying around. Teletype had
started on a system for FAA Services C and O. Then FAA had dedche ef-

fort and gone with a computer-technology switching syst&DIS used DRPE
punches with the inductor driver design. A problem | was logkat involved

an electronic differential message counter, which keptumtof the unsent mes-
sages in a reperforator-transmitter stand, counting updch message punched
and down for each message sent. One input to the counter camefcontact
closure. There was a lot of contact bounce, causing extnats@@metimes.

BDIS was about the last switching system job that Teletype Titere was a
similar system called AIDS for internal use by New York Télepe Co. There
was MAPS, a multi-address processing system for NSA. Theretivas a small
selective-calling system with a polling controller. Preally all switching sys-
tems after BDIS were based on computer technology and thus owdside the
scope of what Teletype was allowed to do under the terms o183 consent
decree.

There was a fairly new concept circa 1963 of making coded &ethe past a
customer wanting, say, a KSR set had to order a cabinet angbael base and
a typing unit and an electrical service unit and perhaps suther items and mod-
ification kits and then put them all together when the sepapatts arrived. The
coded set concept assigned a codes to popular completesétsat the customer
could order one item and get a complete set ready to use.

The Type 5 Dataspeed transmitter used reed relays to stere@jple reader
signals, as the modem had a contact-closure interface. fidgi@e=r who had
started the project had built a prototype transmitter asxadomtaining the CX
reader and its motor, the reed relays, and a power supplys kcaacerned about
the lack of space for optional features in the box; yet makimegbox big enough
to accomodate them would make it too large to fit on a desk.d B/Pataspeed,
and the Type 5 receiver, used large floor-standing cabingte. Type 5 sender
was supposed to be available in both floor model and deskaioipets.) One day
as | was walking around the plant | happened to see a box ondheontaining
the relays for the key telephone system in someone’s offideat §ave me the
idea to put most of the works of the Type 5 sender into a wall both just the

30ADIS was an acronym for Automatic Data Interchange Systehichvjust happened to be
used for what FAA called Service A. Hence Service A:ADIS =& B:BDIS = Services C and
O:CODIS; but BDIS and CODIS are not acronyms.
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tape reader and the modem taking up space on a desk. | usetf-the-shelf
key telephone wall box, which was big enough to hold all theeasories we ever
designed, and then some.

This required a multiconductor cable running from the tagaer box to the
wall box. | was unhappy with the size and stiffness of the eabck we were
using. The cords on key telephones on our desks were a ler lirethis respect.
A few telephone calls to Western Electric plants turned upugh information to
enable us to use the parent company’s cordage in our products

About this time we made an interesting discovery. R&D was gtvaquired
to produce a schematic diagram and an actual wiring diagaararfy wired as-
sembly. When we were releasing something to production tlvasea man who
would compare these two documents to be sure that they wesaot agreement.
We had always assumed that the factory used the actual wdidggam to develop
the instructions for the people doing the wiring; that is weywent to the trouble
to produce it. We learned that in most cases the factory wasrilgg our actual
wiring diagram and developing their instructions from ticeematic. The draw-
ing that was so much work to produce was not being used exoeghecking
against the schematic used to produce it. (Perhaps it wasdswad useful to the
customer for maintenance purposes. Most Teletype equipweshshipped with
a schematic diagram and an actual wiring diagram.)

Gerry Marbach had a collection of sayings, e.g. “For gluirsg glue.” |
believe this one originated because there was some guy fadtay who would
call up from time to time to complain about vital informationssing from one of
our drawings. Maybe Gerry had released a drawing showingl @led inside a
cabinet but had not specified what substance to use for aghesi

Occasionally an engineer would find it necessary to redesogme mechani-
cal part. Sometimes the older parts could be reworked irgatdw design, and
sometimes the supply of old parts could be used up and the nes/ghased in.
Sometimes the old parts were totally unsatisfactory andtbaae scrapped. |
heard about one of these changes which hit the factory justbadch of the old
parts were in production. The factory asked permission tstfimaking the batch
of old parts before they scrapped them. This made no sendetatR&D. It
turned out that the factory workers’ pay was partly basechemumber of pieces
completed; they would lose money if the parts were scrapgéor® they were
finished.

There were little rooms in R&D called "drug stores” because\whalls were
lined with shelves of glass bottles. The bottles held alhef¢ommon screws and
washers and springs and things, so that experimenters wotlltave to requisi-
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tion them or keep their own stocks. It seems now like it woldglhbeen a good
idea to have a similar system for the commonly used eleatnoauits.

When | had too much of sitting at my desk | liked to take a sttolbtigh the
plant, usually through the factory. One impression this enaal me was that with
all that activity going on out there, if | screwed up in theidesend and caused
that activity to stop it would be a Very Bad Thing. It was alsatgying to the ego
to see something | had designed being manufactured. It addified the factory
workers to know that the design engineer cared enough to corend see them
at work and listen to any suggestions they had about makegribduct easier to
manufacture. Most of the time | just wanted to learn more albdat the factory
machines did, and to see things others had designed that suggest ways to
improve my own designs.

We used unijunction transistor R-C oscillators as bit timarslectronic re-
ceiving and transmitting distributors. These had to be sidplito frequency and
were subject to drift. It occurred to me that we might userigriork controlled
oscillators for much greater frequency stability; they evavailable ready-made
in a little plug-in package. For receiving we needed thellador to start and stop,
and to generate the first pulse in about half the normal bitrepn rate. Well,
maybe (was this suggested by the tuned-reed punch?) thelet lo® a circuit to
clamp the tuning fork in a stationary position and then redeidat the beginning
of a character. | talked to Stevens-Arnold, the maker ofdtesillators and was
told that it could probably be done. A little later Mr. Stegerr maybe it was
Mr. Arnold, came to visit us with samples of free-running atalrt-stop tuning
fork oscillators. As | recall they worked pretty well; but@grently a bit timer that
didn’t need adjusting was not such a high priority as | hadigint it to be, as we
didn’t pursue this any farther.

The use of Dataspeed equipment in the field often meant usiogeM35
equipment to punch tape that was then transmitted by Dagd$peHence the
information was in 7-bit ASCII. (1961 upper-case-only ASOiklze time) War-
ren Foxwell realized it would be easy to do a vertical pargyeration and check
in Type 2 Dataspeed; it was just a matter of adding a singlédpgdo toggle for
each marking bit in the serial data stream and transmittiegpiarity bit in the
unused 8th bit channel. | remember there was a lot of pdlitdiculty with
this concept. Somebody didn’t think we should call it an edetector, because

31This shows the separation between data processing andatataunication, as required by
the 1956 consent decree, starting to get fuzzy. Customeesreeting private-line Model 35 ASR
sets from the telephone companies to use entirely offlinegsunch machines.
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we didn’'t want to give the customer the idea that the systeghtroccasionally
make errors. It seemed to me the customer would be a lot anghien errors
did happen undetected than if we admitted they were a facteodihd we could
often detect when one had happened. For a while “data quatiigator” was
a euphemism for the device; then somebody decided thaicaeparity check”
was the right thing to call it. 1 don’t believe it was ever atfd to customers.

There was a story circulating about the significance of shinl errors. One
customer was a truck parts distributor. A truck dealer hadtgad an order for
seven dipsticks. In the order form the quantity was at leastua-digit field.
A single-bit error in transmission had changed 0007 to 10Dffe computer at
the parts warehouse apparently was not programmed to cheoéasonableness
of data and accepted the order as it stood. Supposedly theutengenerated a
form letter to the dealer saying that only 253 dipsticks westock and they were
being sent right out, the rest of the order to follow as soothaslipsticks could
be made. Fortunately a shipping clerk had the common sengertder what that
dealer wanted with all those dipsticks, started asking tipres and brought the
mistake to light.

Those were the days before Model 33 and Model 35 keyboards gesrerat-
ing parity in the 8th bit. They simply made the 8th bit alwayarking. There was
an interim Model 35 keyboard that generated correct pantgame characters
and wrong parity on others; and then there was at last a keglbat generated
correct parity for all characters. If we had had parity kegtols there would have
been no need for parity checking in Dataspeed; we would hayaytransmitted
the parity read from the tape and the customer’s computdd aeck what it got,
passing all 8 bits through Dataspeed.

There was another story about parity. When Model 35 equipmghtparity
keyboards did get into the field in quantity there were repoftoccasional errors
from a certain model of tape reader, always in the 8th bit. Wthese reports
got back to the designers they replied that there were soaidguns with getting
the mechanism to read the 8th bit reliably. Since they 8tlwhag always marking
(before parity keyboards) they had deliberately biasednteehanism to favor
reading the 8th bit as marking.

John Auwaerter spoke to me one time about parity. It seentsrirgome
standards activity IBM was campaigning for odd parity trarssimon. | guess they
wanted to distinguish between a real character and a “rat"would have all bits
marking, hence even parity, or a break that would have aldptacing. Teletype
wanted the standard to be even parity. Otherwise it wouldbeopossible to
have rubout be a legitimate character. | suppose if forcedetacould have made
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equipment that would automatically invert the 8th bit, sattive would read even
parity from tape and transmit odd parity. This didn’t ocaune at the time.

There was also a controversy over the order in which bits waresmitted.
In five-level code there was no particular meaning to any efli positions, so
it was rather arbitrary which way we numbered them and tratesdnthem. With
ASCII the digits were mapped to binary number codes, so treat#nious bits
could be considered to have binary weights. The way we builgs resulted in
sending the least-significant bit first. IBM argued that thegyer thing was to send
the most significant bit first. (No doubt because that was Wit were already
doing with their own codes.)

Aside from transmission errors there was another problexhdbcasionally
vexed the users of Dataspeed equipment. Sometimes theetager would rip the
feed holes of the tape. With an unattended transmitter taethat it would send
the same character over and over forever. If the receiveawaper tape machine
this would use up all the tape supply; if the receiver was dmercomputer it
would generate a terribly long, worthless message, unfessmachine was smart
enough to realize that something was wrong and disconneltin’t know if we
didn’t protect against this problem because we didn't knaw lat the time, or
if it was a matter of cost. Later on another group developemhadpeed polling
system and did include protection against this problem.oitsisted of a one-
character storage register and a circuit to compare themureceived character
with the previous received character. A timer measured loog they compared
the same. If they stayed the same for too long the timer waulcout. This was
assumed to mean torn feed holes. Then the system would seadlatb stop the
errant transmitter.

While working on Type 5 Dataspeed there was something | knéwitively
and could only later state as a principle. That was to stadsigd by thinking
about how the user will use it, and then design to make thésusetions as clear
and simple as possible. (The term “user-friendly” had narbmvented yet.) |
don’t remember the particulars, but in Type 2 Dataspee@thvere some controls
on the front of the machine which were suggested by the eagigglogic of the
machine but which made the user’s job more complicated tkeaassary. | found
a way to eliminate them from the Type 5 equipment.

We did a field trial of a Type 5 prototype at a customer site mdahy. The
customer’s operation had many trays of IBM punched cards.k€Mould pull
cards from the trays and run them through an IBM machine ttzat tiee cards,
added some information from a keyboard, and punched a tape/#s transmitted
somewhere. | suppose this was an inventory maintenancefygutivity.
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| was surprised that a popular accessory for Type 2 Dataspagsa shoebox-
sized oscilloscope that fitted into an extra module spacdedrcébinet. | couldn’t
understand why a telephone company would pay for an osodfmsand leave it
at the customer’s premises when it was used so rarely. THaregpon was that
in New York and other large cities the maintenance peoplageind on foot and
by taxicab, so there is a severe limit to the weight of toold i@st equipment they
can carry with them.

Warren and | worked together on a Dataspeed accessory veel thd identi-
fier/recognizer. One concept behind the Dataphone modemshatathey would
be used for voice-coordinated transmission. One statiaridveall the other; the
operators would discuss what they were going to do; then wWaayld push the
DATA buttons and transmit the data. In fact a lot of custonids’t want to use
voice coordination at all. They wanted to load a tape on thestmitter at the end
of the work day. At night the receiver would call the trangsritand collect the
data, taking advantage of lower night telephone rates. élamcwere concerned
that a wrong-number caller, not to mention an industrial smuld call a loaded
transmitter and it would spill its data before the intendalliec got to it.

The high-speed modems didn’t have much in the way of handstpaknd
they transmitted in one direction at a time. There was arooptiaccessory called
a reverse channel that transmitted a signal in the direcipposite to data. The
Bell System never was very forthcoming about what baud ratéddee used on
the reverse channel; but allowed as how you could turn it @hodirat some slow
rate and that keying would be received at the other end. Walesigned a code
wheel, simply a circular printed circuit board turned by @cé motor. This would
transmit a start-stop character containing 14 bits of imfmron at a speed slow
enough for the reverse channel. A similar wheel in the D&@dsender at the
other end would compare characters bit-by-bit and allowstngission from tape
only if they were the same. The wheels could be coded in the figlcutting
through the etched traces, so that different customersdiraue different codes.
The unit in the Dataspeed receiver was called the identthiet;at the Dataspeed
sender was called the recognizer.

My main contribution was the bit comparator of the recogniaBM at the
time had surplus manufacturing capacity for relays, as thgket for electrome-
chanical punched card accounting machines was winding doWrey started
advertising their relays for sale to industry. | had alwagmaed IBM relays as
examples of beautiful design. They were making one thatwacetjual operating
windings plus a mechanical latch to hold the relay operaidds single part was
the heart of the recognizer. One operate winding was powleoed the reverse
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channel signal. The other was powered, in reverse poldrdy, the local rec-
ognizer disk. Another brush on the recognizer disk comgléte circuit only in
the middle of each segment. As each segment went by, if bo#l &nd distant
bits were spacing the relay windings were un-energized ol lsegments were
marking both windings were energized, and being of oppgsitarity cancelled
each other. But if the local and distant bits were differedy @me winding would
be energized. That would operate the relay; and then thie vedcild keep it op-
erated. Hence if the relay was operated at the end of theatkataere had been
a mismatch in at least one bit and the sender would not transnape.

In the course of getting the IBM relay and its socket releasetketetype parts
| discovered that Teletype had used IBM relays many yeargeeaiflhe product
was apparently something of a cryptographic nature, so hetable to learn any
more about it.

We found that some customers wanted to use Type 5 Dataspeééersdut
no receiver; they would connect the receive modem direotly tomputer. The
computer would have an autodialer so that it could call a remolb transmitters
without any human help. We visited Univac in Minneapolis tscdss this kind
of operation. Later our technician spent several days oksvaeUnivac helping
them test and integrate the Teletype equipment into thebegy. Some problem
arose - | don't remember the details anymore - | had thougddttttite computer
should wait a while and time out if nothing happened. The Hnipeople said
that was not acceptable; they wanted the computer to getratdedfignal one way
or the other and not have to do any timing. So | designed sangethvolving
a thermal time-delay relay for the sender that would satis&ir requirement.
This experience confirmed the need for plenty of space inrdoesmitter wall
box for unanticipated accessories. It also illustratessttiee of design engineers
talking directly with the customer, and not having to go thgb several layers of
bureaucracy. Type 5 Dataspeed senders turned out to be @pwap for use in
this kind of central-data-collection system because af ttedatively low cost. |
believe several thousand were sold.

While working on Dataspeed | undertook a bootleg projectstigating higher
speed logic. In the early 60s there had been a breakthroumansistor fabrica-
tion, first the epitaxial technology and then the planar nebbgy that eventually
made integrated circuits practical. These technologiedewary fast transistors
available very cheaply. | bought a handful of these traossand built them into
the usual Teletype logic circuits, tacking on speedup démacacross the base
resistors. Risetimes were at least as fast as our oscillescapuld display; so |
was confident that if we needed faster circuits we would haveouble building
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them. One potential problem was that the new transistorsahadited reverse
base-emitter voltage rating. A few of our usual circuits elgged on a higher
reverse voltage than these transistors would have allowed.

| also thought briefly about an electronic stuntbox, and mdeome printed
circuit card edge connectors with taper pin terminals ferghrpose. Taper pins
would allow reprogramming in the field without soldering drewvrapping. | had
in mind supplying all the bits of a charater in normal and ntwe forms and hav-
ing the technician in the field select among these signalksdd into an AND gate
to recognize a particular character. Hence the need fdiyedmingeable connec-
tions. | didn’t pursue this any farther since nobody seerdiktinterested in that
kind of product; and it seemed likely that programming wdogcdtoo complex for
technicians in the field to undertake. I've heard that séwezars later the need
for an electronic stuntbox was appreciated and a productierasloped.

From time to time there was discussion of programmable A$&R srever got
involved in one of these projects except for discussing thidoelieve one of the
Bell operating companies had made up some sets for a custosimey, Model 28
or Model 35 equipment. The concept was to have preprintedgan the machine,
and something that would use horizontal and vertical talesaiththe operator from
one data field to the next in filling out the form. There was thedel 2932 which
was a modified Model 28 that used IBM BCD code and | am told was made
Western Electric internal use only. There would have beeeady market for
these sets outside the Bell System; but the System did nottwapypear to be
promoting IBM over other computer makers by accomodating IBflec Also the
System did not want to offer the public anything that wouldhpete with or delay
ASCII as a successor to all these computer companies’ \esiefiBCD codes.
The Model 29 ASR set had two tape readers, one for a prograerataghone for a
message tape. | don’t know much else about the Model 29, so't kiwow if the
program tape did the forms positioning operation descrédsal/e or something
else. | am not sure whether all the Model 29 equipment thatmade stayed
within the Bell companies for internal use. After | left Telpé | encountered
some Model 29 equipment at General Electric, where a teigmwas converting
the typing units to Model 35 by changing a few parts. Stikkta bunch of Model
29 RO machines turned up at a surplus dealer in Oakland, @aéfm connection

#2In Ran Slayton’s museum tour document the Model 29 is ideuti#ith an up/low printer
intended as a replacement for the Model 20. Such a machinedlidell. It is reasonable to
use the same model number for the BCD code machine, sincetlinchses a six-level code is
involved. The machine which many of us knew as the Model 29sgasetimes called the “Model
28 IDP ASR Set".
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with a junked RCA computer. One of my friends made a little molgypuying
some of these machines and converting the typing units toeMgfsl and selling
them to a man in Los Angeles who dealt in used Model 35 equipmen

The problem of IBM BCD code came up again as Teletype dabbledmatiy
netic tape. Computer manufacturers had gone through ayafi¢tpe sizes and
formats, eventually adopting 1/2-inch 7-track tape as usetBM as ade facto
standard. Each computer company had its own version of $omgdtke the IBM
BCD code (even within IBM there were several different versjom®ward the
end of my time at Teletype | worked on a project, under HaroldlCohat pro-
duced a punched card to magnetic tape product for intereddyia Bell company.
| designed the transmitter, which used a little tabletopl ceader made by NCR.
Roger Biros designed the receiver. | don’t know whether angitgnt number
of these were produced.

In 1964 IBM announced System/360, a new computer architeetith 8-bit
characters and a new 8-bit code (different from ASCII). Tsrdually made 7-
track magnetic tape obsolete, replacing it with 9-tracletaBut there was a lot
of 7-track equipment in the field. so it was several yearsreedetrack tape was
in the majority. To meet government demands for use of AS@idlwas a bit
in the computer that put it into “ASCII Mode” and didn’t do ahytg of much
significance. The ASCII bit was eliminated from the followiggneration of IBM
computers in the 1970s.

ASCII went through a lot of growing pains. At the outset thergsva con-
flict between what a code ought to be and what all the existodgs were. A
code ought to have all the characters of the alphabet mappecn increasing
sequence of binary numbers, with no gaps. This facilitasesaf the code for
sorting. All the existing BCD codes were based on punched aadlthg, which
has two gaps in the alphabet. IBM lobbied hard for a code thatldvbe eas-
ily convertible to punched card code, as the BCD codes werebldna prevail,
IBM withdrew its objections and designed its own code, cal&CDIC. All this
agony seems so pointless today, because arbitrary codersams are trivial with
a computer. It seems to me it was equally pointless even dirtiee Even later
IBM brought out a line of equipment with a 6-bit code, and a nandand card
reader/punch using this code. The card, although smaber tiine standard data
processing card, held 96 columns of data.

Then there were all the control characters, intended tdititei message pro-
cessing and block error checking. These also turned out tfaibg pointless,
because people want the ability to transmit arbitrary lyirdata. Someone in-
vented a protocol to make this possible. Designate one ctegras Data Link
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Escape, DLE. If DLE occurs in binary data transmit DLE DLE archove the
added DLE at the receiver. DLE followed by any other chardsta control char-
acter; and all the characters except DLE are availablel IStiippose there was
some merit in trying to standardize control sequences dadifiarent manufac-
turers could produce equipment that would interoperate.aBain practically all
systems that got to the field included computers that coufarbgrammed to han-
dle any protocol. IBM’s Binary Synchronous Communicationst@ecol became
very popular.

The shoebox packaging of printed circuit cards was turnutgambe too small.
There were new modules 2 and 3 times the size of the shoebd»xa aaw logic
card a little more than twice as big as the previous standaed bhe same kind of
socket was used, so that a wide socket could accomodate dme oéw cards or
two of the old ones with a spacer between. | believe Teletypregered the use of
card sockets with the card guides molded in. | had some mimgi\about the new
packaging because it perpetuated the low packing densthegirevious design,
which by then was several years old. | would like to have sew®ar fiircuit traces,
more dense component placement, and closer spacing of geecednector fin-
gers. Further, if we had been able to use the same card sdlc&etBM or some
other computer company was using there should have beerdeoaisle savings
because the parts were being made in such large volumes.

| was recruited to work on writing the manual for MAPS (MulgpAddress
Processing System). This was a product for the NSA and iedohigh speed
readers and punches. The customer insisted that we use sodvealne they had
standardized for logic. The modules were molded in epoxyteatleads coming
out one side; so we mounted them on Teletype standard pir®adt cards.

Claude Kagan of Western Electric Princeton Research Centeawagca-
sional visitor to Teletype. | gather he was considered sbimgtf a pest by many
people there; but | got along fine with him and enjoyed histyisClaude and |
were both enthusiasts for using small computers as compooésystems. We
would talk about all the neat things that could be done useigtype equipment
and minicomputers. He got to do some of them for manufaauaipplications
at W.E. Teletype apparently couldn’t do anything with comepsi in systems for
customers because of a strict interpretation of the 1956 A€&8nsent decree. |
don’t remember if he had already started R.E.S.1.S.T.O.R.8ofnputer activity
for youngsters) or if that came later. He was notable foringan old Burroughs
vacuum-tube computer installed in a barn on his propertyh wiagnetic tape
drives occupying the former cow-milking stalls.

Our lab was located in the northeast wing of the building.nfrour windows
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one could look out toward the Edens Expressway and see threthaiing sign at
Allstate Insurance. It was depressing on cold winter daysetthe temperature
on that sign, especially when it was negative all day.

The R&D building at Touhy Avenue had been designed with masafitie-
rior walls, so that lab space could be easily reconfiguredeasied. A typical
R&D department had maybe ten people: a project supervisegratary, and the
rest engineers, technicians, modelmakers and a draftsntamoEach engineer
and technician had a desk and a workbench, called an MTS Kéfermber of
Technical Staff), behind the desk. There were other workbes as needed away
from the desks. | heard this arrangement was copied from Smith&aboratories
location.

Once a year there was a lab cleanup day. Wire baskets fronat¢hay were
set in the halls outside each engineering department. Tleeg t@ be filled with
whatever equipment was no longer useful and would be hawag the next day.
For some of us this became more of a “junk exchange” day, as eutdwprowl
the halls looking for interestingbjets d’ arte that other departments had thrown
out.

During this time the RS-232 modem interface standard waglveanked out.
The Dataphone modems were a step along the way from the oldSgstem
to the new regime brought on by Carterfone. Until the earlyOESthe official
doctrine was “no foreign attachments” to the switched nekwdf a customer
wanted to connect his own equipment to Bell facilities he loagse leased private
lines. Around 1960 the switched network had reached a stdieing nearly all
customer-dialed for long distance and the management Hegkimg at using it
for data transmission. The Delta system had been a protatyfyes, using the
switched network and modems and autodialers to simulatessage-switched
system. The Dial TWX conversion followed, getting TWX off dealied telegraph
circuits and manual switchboards and on to the voice swatctegwork. Enough
bandwidth had become available that it was no longer senthlse narrowband
circuits for telegraphy and a separate plant for véicaVith on-line computing
coming into the picture the management realized that thesemoney to be made
in allowing data over the voice network, and that it would leeessary to allow
customer-provided equipment to be connected. Some execsitited that by
such-and-such a year half of all the traffic on the network lddoe data. RS-
232 was an industry standardized interface between Beilished modems and

33However, there were special data-only interoffice trunkse fexibility of #5 crossbar made
it possible to route TWX calls over data trunks and voice aallsr voice trunks.
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customer provided equipment. In the case of Dataspeed thipregnt might be
partially or entirely furnished by the telephone companyt Wwe used the same
modems that were available to customers generally. Thesecaded Dataphone
modems and always included a telephone for placing calluaign There was
also an auto-dialer accessory so that a computer couldtmitialls. Then there
were a variety of card-operated and memory-operated dialer

It is hard for us today to realize just how bad the switcheavodt was in the
1960s. The Bell modems were, by today’s standards, oveoedtband under-
performing. This was necessary at the time to get more orrdshle modem
operation over random connections to random places on tiweorie The 103-
series modems provided full-duplex operation at 150 bauelss: With two pairs
of frequencies for the originating/answering station dreddossibility of inverting
mark/space on either or both there were strap options aitpwight mutually-
incompatible services using the same modems. I’'m not surerhany of these
were ever used in service. One was for TWX, in which case thexddwnot be
a voice telephone as part of the setup because voice was betused on TWX
calls. One was for Dataphone, which did allow voice. And ¢heas something
called WADS (Wide Area Data Service) and something elsedalVADS-prime
that were at least envisioned, whether or not they ever hregape

Then there were the 201 modems, providing one-way-at-a-tiperation us-
ing synchronous transmission, 2000 baud on the switchebnetnd 2400 baud
on private lines. The 202 modems provided one-way-at-a-asynchronous op-
eration at 1200 baud. There was a 300 series for use on speghaspeed lines
and operating at 56K baud. The 400 series included thosewige®ataspeed 5,
and one that could decode TouchTone signals. Then therenedsiofax. RS-232
could not be used for the 400 series modems because they aratkepinput and
output and the standard did not provide for enough chantiel&s applicable to
all the serial modems.

There are arguments over who “first” did computer time slwarirhe develop-
ment that had the most effect on Teletype was no doubt thersydéveloped by
Dartmouth College, initially using relatively inexpensi@General Electric com-
puters. This system introduced the popular BASIC programgrtanguage. G.E.
gave Teletype and other potential customers free use of btieege systems in
Phoenix on a trial basis before turning it into a businessis Fkrvice affected
Teletype because it took advantage of cheap Model 33 equipamel could use
the telephone network for access. Minicomputers came abogt the same time
and took advantage of Model 33 ASR sets for inexpensive loptgut. Both of
these applications were misuses of the Model 33 line, whadh leen designed
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for low volume TWX installations where they would be used 2isquer day or
less. In computer applications they ran constantly. In mipiop the Model 33
had a lot more to do with the success of minicomputers and sinaging than
is usually acknowledged. We can't really complain aboutusiisg the machine
in these applications where low cost made the differencevd®i having or not
having any market at all. Big computer makers, e.g. Burrougheuld have
had more sense though and not used 33s as console devicesiroexffensive
computers. (Univac used 35s, as did Scientific Data Sysfems.

There was a demonstration of G.E. time sharing at some elestoonference
in the city. | was recruited to man a joint Teletype/G.E. tboothere we were
showing it off. Computer games existed even in that dim papppular part of
the demonstration was a computer-simulated horse racinge gd particularly
remember one person who visited the booth, an optical eegiredidn’t take
long for him to satisfy himself that the time sharing systeaswood for doing
the routine calculations of his line of work at a price he wagegwilling to pay.
He wanted to sign up for the service on the spot.

| read in some publication an argument between two famougpuatnscien-
tists. One said, “When | compute | want many pages of outputosoputing
with a 10 character per second terminal is worthless.” Theratejoined, “When
I compute all | want the computer to tell me is ‘yes’ or ‘no’.”

Computer time sharing illustrated some of the conceptudllpros with tar-
iffs for TTY services. TWX was a no-foreign-attachments smv People who
wanted to use their own equipment were supposed to use eataptBut time
sharing services wanted to allow TWX stations to connectesthey had no use
for voice coordinated transmission and TWX was cheaper thataghone. All
this wrangling over different tariffs for essentially thanse equipment reminds
me to remark that Teletype R&D seemed to be split philosofillieéong a line
of low-speed (called “standard-speed”) and high-speegpetgnt and services. It
appeared that at low speed some old geezers at Bell Labs, whiocea around
since the beginning of TWX, had control of all the product aed/ge planning.
At high speed they were out of the picture and Teletype wasrmare on its own
to design products. These had to meet needs as perceived&l @dTthe Bell
operating companies; but they didn't have to pass througlB#il Labs filter.

Frank Biggam and | made a trip to AT&T headquarters, then aBr®adway,
New York City, to confer with some people about Dataspeed aladed products.
It was about the worst travel experience | ever had. Telehgukits own travel
agency in the plant. When traveling on business we were afldavehange the
tickets to include personal travel and pay just the diffeeenl had arranged to
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fly to Arkansas from New York for a visit with my family beforeturning to

Chicago. But that is getting ahead of the story. We flew into drntéeairports

and started looking for a taxi to take us into the city. Thee¥eMots of people
waiting and few cabs, so Frank said we should take the bus tardn&ttan airline
terminal and we could get a cab from there. Again there wedgsedbpeople and
few cabs. Frank was sure that if we walked the short distamd®ethn Station
we could get a cab from there. Once again, no cabs. Fortynatelhotel was

only about six blocks from Penn Station, so we hoofed it withlmaggage to the
hotel. I had a rather heavy bag since | was making a longebéfipre returning to
Chicago. The hotel rooms were expensive; the beds were siad.was a new
hotel, with a computerized checkout system. A computerctegtkout system in
those days meant an IBM 1401 and punched cards; so when we @azte to

check out we had to wait while somebody punched cards andotheuter ran a
job and produced our bills on the 1403 printer before we ctadsle.

When we had finished our business the man we were visiting teldvirere
to stand outside the building to catch a cab to La Guardiaa#t snowing. | stood
there yelling and waving at cabs for about 45 minutes; buhalse that went by
were either taken or out of service. | went back to the officengtwe had visited.
The man went down into the subway with me, made sure | got onghétrain
and told me where to get off. He said there would be cabs todike me to the
airport. | got off at the designated place and as before f@ulothg line of people
waiting for cabs that rarely came by. Somebody told me wheigotto catch a
bus to the airport. | got to the airport long after my flight Hatt. The airline
people were very helpful, but all they could do for me was getan a flight to
Washington, and from there to Memphis that night. | got to Nd&m and sat in
the airport all night until the first plane for Little Rock canmethe morning. My
parents were supposed to meet me in Little Rock; but there &e &n ice storm
and all the roads were closed. | was able to get a cab to tlieadiktation. This
was before AMTRAK but a few railroads were still running thewn passenger
trains. The train finally arrived about 6 hours late and | gothie home town a
few hours later.

While | was at La Guardia | got to see the American Airlines resgon sys-
tem (that preceded Sabre). The system was made by Teleregistired-program
computer with magnetic drum memory designed for inventamytiol purposes.
The airline treated a seat in a certain class on a certairt figla part number in
the inventory. The agent had a little keyboard/display teafrthat made it possi-
ble to inquire of the inventory status of a part and to sell &, pamoving it from
inventory. There was an arrangement of coded metal platiegfibhto a reader on
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the terminal that related the flight numbers and classesetpaint numbers used
internally by the system. It worked well enough for what ;dbut it was far too
small to handle the entire business of the airline. It ladieadures of a modern
reservations system, such as the ability to look up passebgename3

We were excited about the Bell System introduction of eledtréelephone
switching. The #1 Electronic Switching System for centrffices and the #101
ESS for PBXs were announced about the same time. #1 ESS uskdtthnsistor
logic and a space-division switching network made of drydrewitches. The
#101 ESS used resistor-transistor logic and time-divisisitching. | gather that
the #101 ESS turned out to be a dog and was soon discontinde®&S$8 was
interesting because of its high reliability architectuféere were two of nearly
everything, operating in parallel, and if either part fdilgome internal checks
or failed to agree with its twin the software would split thestem in two and
then attempt to reconfigure a working system out of what whis Tehe whole
computer industry sat up and took notice. The computer gomif the system
was marked by some typical Bell System weirdness. It was adfiderchitecture,
with completely separate memories for program and data pfdgram store was
read-only in normal operation and used some kind of magmete technology.
The data store used perforated ferrite sheets rather tieamaignetic cores that
were the industry standard for writable main memory. | lveithe intent was to
make some use of plated wiring rather than having to threaglswihrough cores
as everybody else in the industry was doing. (IBM, with itsesbppmanufacturing
engineering, was threading cores by machine; everyboay dts it by hand.)
Even the transistors were strange, with two leads comingonatend and one
lead out the other.

The big project at Teletype was Long Lines Project 176, fergbvernment.
Teletype was assigned several tasks. One was called a leghl &§5R set and
contained two Inktronic printers and a high speed tape readi@ punch. Syl-
van Silberg’s department was doing most of the work on thiseyTwere using
a purchased magnetic core memory to hold the charactermafta the printer.
The whole thing was to be encrypted, so there were stringgqiirements on
electrical and acoustic emissions from the set. This mag baen before TEM-
PEST came into use as a code word for that kind of secure eguipmhere was
also a requirement for two kinds of fax machines. | was moegddn Slayton’s
department to work on fax. This was not an assignment | warntedd always

34This system was ancient even then; it is described in the iMbee, 1951 issue of Western
Union Technical Review.
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looked down on fax as a medium that wasted a lot of bandwidthpaoduced
signals that were not machine-readable. There was supposedone machine
for letter-size photo quality transmissions and anothetai@e format black and
white documents such as weather maps. We were supposed itelde aperate
with analog transmission facilities for good quality reguation or with a binary
channel for encryption. Gene Sullivan came to this projeat 0 | guess we had
Type 5 Dataspeed released to production by then. We hiredeahaician Paul
Mitchell, Jr. who was just out of the army. Yoshi Nishimotosithe secretary for
the department; Fred Mocking and Bill Lill worked there asiw@rhis was about
1965.) | think Fred was working on the high voltage power $yppr the Ink-
tronic printer, which was being made by a Western Electtiwig in Greensboro,
NC.

| don’t remember doing any work on the photo quality equipm&here was
an analog-to-digital converter in the lab that had beer boilus by somebody
like Airborne Instruments Lab (division of Cutler-Hammejaybe it was to per-
mit encryption of the photo-quality fax. | remember some timmof the English
company Muirhead. All our work that | remember was with thgéaformat fax.
We had a machine in the lab made by Alden Facsimile, a Massattsucom-
pany. Some people from Teletype had visited the Alden fsgcamd the owner
John Alden. I'm told he was very proud of being a descendaiihefJohn Alden
of the Mayflower. Teletype was not impressed with the ruggsdrof his prod-
uct, although I guess the Air Force or the Weather Bureau wargguhem. Fax
recorders of that generation used a rotating spiral wirer@sade of the paper
and a blade on the other. The intersection of the wire witlbthde was the scan-
ning spot where recording took place. Western Union hadldped Teledeltos
paper. This had a black center and a white coating. Applyimglavoltage across
the recording spot burned off the wite coating to leave alblaark. We didn’t
want to use Teledeltos because the high voltage seemedit® pmeblems with
RF emissions from the machine. Also someone said that thi ofslie sparking
was toxic fumes, though | don’t know that anyone ever got actiggy report
on it. The other recording technology was electrolytichgsa paper wet with
electrolyte. Passing a current through the recording speech metal ions from
the blade into the electrolyte where they reacted with shimgtto make a rather
faint mark. As this etched away part of the blade it was nesgs® keep the
blade moving so that it would not be eaten away unevenly. Hpephad to be
kept in a humidor in the machine. At the start of a recordingeg@aper had to
be fed out to be sure that there was wet paper under the bldepdper shrank
guite a bit as it dried. The moving spiral wire tended to plodl paper to one side,
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so there had to be a mechanism to pull it back. Nobody in hi# rignd would

want to use such a technology, but it was all we had at the tieehad a letter-
size Stewart-Warner fax recorder in the lab in addition ® Miden. The Bell

System had produced a Dataphone modem for fax. StewarteMaas hoping to
make a business in fax equipment based on businesses fadnments over the
switched network. There were also to be service bureausenherpublic could
send and receive fax messages. The concept was pretty oltise way fax is

used today; but the technology was so miserable and the tegugpment was
so high that it never achieved a market at the time.

There were two varieties of wet fax paper. Hogan Faximile eiiNYork City
supplied “catechol” paper which gave a gray mark. Alden $adgpaper which
gave a sepia mark. Alden made lots of dubious claims abosgpia being easier
to read, and catechol being a hazardous substance. Fetutiet same kind of
current and blade material would work with either. The papes sealed in plastic
bags for shipment and storage. It had a limited life in the iolom as the water
would tend to wick out and evaporate from the exposed edge.

My second trip to New York City included a visit to the Hoganmlawhich
was located on an upper floor of a nondescript manufactuningdjriy in a non-
descript neighborhood. Mr. Hogan was, | believe, the son ofam who had
been a distinguished member of Institute of Radio Engingendyaps one of the
founders. | don’t remember much about the plant except foraahime which
made the fax paper. There was a wide roll of paper stock; anchtchine would
cut it to the width the customer wanted and roll it up. | wagsised to see how
many different widths were being made for various customeng/ing from nar-
row tape up to wide paper for weather maps. This trip to Newk¥Yeas much
more pleasant than the previous one. | was with Ran SlaytorGane Sullivan.
We arrived in the late afternoon before our meetings the dextRan had worked
for Western Union in NYC before coming to Teletype and knewway around
the city. He asked Gene and me what we would like to do thatiegeWe de-
cided we would like to have dinner in a nice restaurant, tgesuibway, and go to
the top of the Empire State building. Ran proved to be a finedgaide to the big
city and took us to do all of those things.

It is embarrassing to remember how naive we were to be worknfax ma-
chinery. Western Union and Alden and Hogan had years of exper and lots
of money invested in the technology, which we set out to teagaiselves from
scratch. For some reason Teletype decided to have the neascti@veloped for
us by Dixon Automatic Tool in Rockford, a machine tool comp#émgt had done
some work for the Teletype factory and knew even less abouthfan we did.
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Their chief engineer was named Burns Darsie. At our periodietings he enter-
tained us at lunch with stories of building torpedo boats iorM/War II. | don't
remember much about the fax recorder they built for us. Itpvabably basically
a ruggedized copy of the Alden machine. | do remember thenscahey were
building for us, as it was quite a contraption. There was d kaew to move
a scanning head across the paper. At the same time it cam@tiea scanning
head, moved out of position, across the paper in the oppdséetion. At the
end of travel there was a mechanism to switch the just-usathsaog head out of
position and the just-returned one into position for scagnit was fun to watch
the two scanning heads moving in opposite directions, theam b loud click at
the end of travel, and then see them crossing adain.

Meanwhile we were working on the optical part of the scanwé.had some
company in town make us a portable darkroom, essentiallpafpamework cov-
ered by a leatherette sort of fabric, the whole thing largeugh to get a work-
bench inside. This allowed us to work on the light-sensipiaets of the system
without disturbance from the normal office lighting. We fueqgtly went to the
nearby American Science Center to obtain lenses and othieabjppéms. This
was a store that catered mostly to amateur scientists amddergs doing science
fair projects. One of the problems we had to solve was praduaitiny spot of
light for scanning. Paul Mitchell came up with the idea ofngsa microscope
backwards; putting a light bulb at the viewing end and ggttrtiny spot out the
other end. | remember we also engaged an optical consuttdratp us. In ana-
log mode we got to where we were getting pretty good pictuiigital mode
was a problem because we were producing only one bit per, gaele needed a
threshold circuit to decide whether a given pixel was blackbite. We should
have learned something about half-tone screens as used prititing industry
to handle grayscale pictures. As it was our digital pictwrese pretty bad. One
morning | came in and Paul had relabeled a switch on the dop&el from
“analog/digital” to “good/bad”. The first time we sent a cad item, a magazine
cover, through the scanner what came out didn’t look angthike what went in.
It was then that we realized our photo detector was moretsen® infrared light
than to visible light, and that the inks used in printing thagazine cover have
very different reflection properties in the infrared ranifée needed to filter the
infrared out of our light source. American Science Center $wdething called
“heat absorbing glass”, used in slide projectors to keep fnean the projection
lamp from burning the slides. That worked pretty well; bulsicecalled around to

$Spatents 3,546,707 3,553,359 3,555,266 and 3,688,032
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some photographic equipment makers who offered real edréilters of various
kinds.

| have no idea why we didn’t go to Western Union for a fax maehor even
invest some time in reading Western Union Technical Reviesvh&ps the aver-
sion to Teledeltos paper and recording technology weregsat; but still W.U.
had a lot of experience with fax scanners as well as with dersr

Ran Slayton was editor of the IEEE Transactions on Commupitgiat the
time. Since | was an IEEE member he would ask me from time te tnhelp
out. We were developing a table of “descriptor terms.” Th&as some notion
that every article should be tagged with a few words from adaedized list so
that an information retrieval system could search for mh\papers easily. One
of my jobs was to skim through the submitted papers and s#étecappropri-
ate descriptors, or to invent new ones if none of the existings seemed to be
appropriate.

At Wrightwood our environmental testing facilities had béainly primitive.
There was a pretty good industrial oven that was big enoudtokd one of the
drawers of the 16-channel multiplex. For cold tests we uskdusehold chest-
type freezer. Then there was some process that requirddgatt oven into the
freezer, and propping the lid open a calibrated amount. AhycAvenue we had
first-rate facilities: a sound chamber, a screen room for Rfintg, a temperature
chamber, and a shake table. The shake table was a trandducarnoudspeaker,
that was several feet across. It was driven by a huge kilosizagt amplifier fed
from an audio oscillator. There was a story about a Model 3B&ing bolted to
the shake table; then someone plugged into the amplifiett wgbout turning
down the gain first. The transient was enough to make the meadty all to
pieces. Another story concerned a Model 32/33 that had lrettreitemperature
chamber when the thermostat broke or was accidentally sétigh. The plastic
parts melted right around the mechanism, giving it a shvn&pped appearance.

Some other funny stories concern the plant cafeteria. haitaeverybody
who didn’t bring in a lunch from home ate in the cafeteria; @&saxcheap and the
food was good. An item on the menu was raw hamburger. One @nbmeers
in our group ate it from time to time. | never saw anybody elslefar it. There
was a group of six or eight young men and women who always geghier in the
cafeteria at one of the round tables. They always seemed émjbging them-
selves, talking and laughing a lot. Paul Mitchell callednth&he gay group” at
a time before that word acquired its present meaning. We hatks for some
of the cafeteria specialties. “Hockey puck” was quite ga@dyund piece of Ital-
ian sausage. (That name came from a line in a Tom Lehrer s@ig’'s My
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Girl.” About her cooking, “...and if I'm in luck I'll get brdied hockey puck.”) |
was pretty thin in those days, though already worrying alaaytowing spare tire
around the middle. One of the cafeteria workers, an oldsh Wwoman, would
see me in line and mutter something about “got to fatten yduang pile extra
potatoes and gravy on my plate. There was no choice of sadsdidgs; the green
salad came already oiled. One time some of us noticed a gifqugople coming
through the line, one of whom was obviously a visitor. We samv jo to the
condiment stand and pour hot sauce all over a green saladysiehave thought
it was a red French dressing. We watched to see what wouldehaywpen he
took the first bite. It was quite suspenseful; he talked forhaley then picked
up a big forkful and brought it near his mouth, then put it bdokvn and talked
some more, finally taking a bite of the salad. Immediatelyuradd red, started
gasping, grabbed for a glass of water, drank it all down. Weptélty afterwards
for laughing at his predicament, but at the time it was préttyny. | will men-
tion later the importance of the company cafeteria as a meditiengineering
communication.

While working on fax | undertook a bootleg project, with thesding of John
Auwaerter, to study a small computer that could be used fosystems business.
It was clear that the era of switching systems based on paperdtorage and
wired logic was over, as evidenced by the cancellation of CO&1d the emer-
gence of switching computers such as the G.E. Datanet 3@ ahms C-8400,
the IBM 7740 and others. | had a notion that we could build a nolngdaper com-
puter that would be useful for some things. | thought maybewdd use delay
line memory because in our business characters came in amtdoweat regular
intervals that were fairly long by computer standards. Bpsithe cyclic nature
of the delay line would not be such a disadvantage if we cotddgss characters
from a number of lines during one cycle. To get an idea of caésbk basically
the Packard-Bell 250 design and packaged it in Teletype atdnzhrds. | came
up with a cost of a few thousand dollars, as | recall. The idas teken to some
higher-ups for consideration of whether we should move ah i It was turned
down on the grounds that the 1956 consent decree prohilliee®ell System
from doing any data processing; and this was perilouslyectoslata processing.
I never did any actual programming to see whether the cyohcept was feasible.
| learned much later that some company did use such a computeielephone
switch; so | guess it was feasible, with enough ingenuityetrospect, it is a good
thing we didn’t go any further with this because delay linenmoey had absolutely
no future in the mainstream computer business. One thingttitly did show was
that we could have made a computer for a lot less money thanuldshave cost
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to buy one. Computer companies must have been extremely iieghead busi-
nesses. Yet even at those inflated prices customers wersingammputers in
preference to paper tape and wired logic for message swgchi

Al Reszka was also working on some ideas about computer-lsagezhing.
His concepts were quite different from mine; but we agreed Tieletype would
have to do something like that if the company was to get battktime systems
business. Al was also doing some studies on the proposed emmaininktronic
product. At one point he had concluded that it never wouldesehreliable print-
ing. | guess he either found a way out of the difficulty or wasrowled, since
a commercial Inktronic was produced for a while (and nevdradihieve reliable
printing). At one time Al's department was working on thedeanly memory for
the commercial Inktronic. This was considered a highly pedpry concept, so
his offices were closed to anyone not connected with the giroje least | assume
that is what the closure was about; | don’t know for sure singasn’t allowed in
there anymore. If so, this is amusing since the memory wasdiswhat | had
seen at Stanford Research Institute some years earlier; batteat design than
Teletype’s was already being produced by IBM to store the eomde in their
System/360 Model 40 computer and in some peripheral coetsof®

About the time the Inktronic was getting into production féroject 176 |
read in a trade magazine that Hewlett-Packard was makingtepbr strip chart
recorder using electrostatic deflection of ink dropletseyitvere deflecting in one
axis only, using the paper motion to cover the other axis. a$ woted that they
used an ultrasonic pulser on the ink supply. | mentionedtthiShuck Winston;
but | suppose by then it was too late to go back into researslkeddf ultrasonic
pulsing would result in more uniform size ink droplets.

Teletype always celebrated National Engineers’ Week wittay or two of
sessions in the auditorium and a banquet. There were spefa@ar within the
company and also outside speakers brought in. One of tlee la¢ts a professor
of business at Northwestern who talked about perception.steieed off with
a little rotating optical illusion. The nature of the demtvaion was that those
sitting near the front would infer one kind of reality from atithey saw, while
those sitting near the back would preceive something éytiliferent. Another
of his illustrations was, “what do you say to a misbehavindpéti In the English-
speaking countries you say “be good” because behaviori moral issue. In

36published as “The Design of Transformer (Diamond Ring) Rerlg Stores” inlBM Journal
of Research and Development, September 1964, p. 443. This refers to earlier work donecit B
Laboratories.
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France the corresponding saying is “be wise.” The childlsavéor is contrary to
his own good. In Scandanavian countries you would say, “bd;kimisbehavior
is discomfiting to other people. And in the German-speakmgiries you would
say, “get back in step!” because conformity to acceptaldegasbehavior is being
violated. Another speaker was a psychologist with a businémaking tests for
employment aptitude and that sort of thing. He was less caimvj. One of the
in-plant speakers was from the Engineer of Manufacturerozgéion. He had
a huge board displaying all the kinds of connectors curyentuse in products.
He didn’t need to say anything; the point was well made th&ireereleasing yet
another connector we should see if there wasn’t one alreadge that would be
suitable.

Speaking of connectors, the Warwick Electronics plant thatdle TV sets for
Sears was nearby. | was told that Molex connectors were Bratldped for War-
wick. Teletype adopted them in a big way.

Some of us got to go to a Bell System-wide engineering conéerahHolmdel.
| remember an interesting historical talk about the prolslefrearly telephone of-
fices. There was a talk about the new single-slot paystatiepthione; how it had
been designed to make it difficult to pry or break open, and tie\vcoin chute
discriminated between genuine coins and slugs. There walk Byt an engineer
who designed shipping cartons. There was a talk by a coupleletype engi-
neers about the Model 32/33 line, “a new product for a new etdrkaying that
for the intended light duty there was no need for the machinket extremely
durable they way the 28/35 products were made. It was fudesigned for ease
of assembly and use of power screwdrivers. Reference was todde German
V-2 rocket and how the engine nozzle could be made of ordista®l because it
only had to last for three minutes.

John Edgren and | went to an IEEE conference held in Cedar Rapelgot
to visit Collins Radio as part of the conference. Collins at threetwas making a
message-switching computer. We got to see a lot of the Cd#icisty and how
they used Teletype equipment and what they were doing inneneomputing.
They were experimenting with making their own integratectuis. | believe
they said they didn’t intend to manufacture their own ICs, Wwahted to have a
good understanding of the processing technology. John weon to work for
lllinois Bell.

There were other auditorium presentations from time to titngon’t remem-
ber which ones were connected with Engineers’ Week and winels were held
at other times. There was a talk by a man who did an annualfie)esgior IEEE
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on advances in printing telegrapfy He talked about all kinds of technologies
in use worldwide: things like Hellschreiber and somethinthwlectrolytic paper
and a tellurium electrode. He also talked about A. B. Dick ddlanstreet hav-
ing developed a “cathode ray tube with a beard” meaning a CRT am array of
wires passing through the glass faceplate. This was usethtdoy depositing an
electrostatic charge on paper passing the wires. Chargeési@pthe paper would
then attract charged particles of dry ink. There was alsaagmtation about the
Culler-Fried online computer system at University of Califiarat Santa Barbara.
This system used two keyboards; one for alphanumerics amtbomathematical
functions. A mathematical function was represented as i@y @f values. Thus
the sum or product of two functions could be computed by a-4eyrterm sum or
product of the array values. The result was displayed oneovsdreen.

| remember walking through the sales area one time and ntitatgleletype
was hosting a meeting of the “Reactive Typewriter Societyt'th® time | didn’t
know what this group was about. Later | learned that it hadesoomnection with
the TRAC computer language developed by Calvin Mooers. Clawat@aiK was
guite an enthusiast for TRAC and used it in his work and alsb aigroup of
youngsters he was leading to study electronics and congouter

There were often interesting things to be seen in the Sadptagiareas, which
were on two floors. There was a small switching system calesPthat was sold
to urban police departments

Teletype did some dabbling in edge-punched cards. Friddrrkea to pro-
mote this medium as well. Teletype may have brought it to @gpcbstage; but |
don’t think there was any significant market for it. Now if wachmade a machine
to read IBM punched cards there probably would have been & g¢rmand for
that product.

Reperforator-transmitter sets in the Model 28 line were tetrow and deep,
so that two of them could go side-by-side in a cabinet and gbldéinge tape reels
would fit underneath. | remember seeing an unusual R-T se¢ddo@ XD, which
was built to the same form factor as the older FRXD, the back&lhdiT set of the
older store-and-forward message switching systems. ThelLpXvided a 28-
line plug-compatible replacement for the FRXD.

Teletype page printers from at least the Model 15 had beealabiin friction-
feed and sprocket-feed versions. A machine could be cadémdm one to the

37| pelieve this is W. Y. Lang, author of “Advances in Printingl@graphy in 1964”, IEEE
International Convention Record, Vol. 13 part 1, 1965, aidvances in Printing Telegraphy in
1965", IEEE International Convention Record, Vol. 14 pgr1366.

38probably the same as, or derived from, Halvorsen patent @52601, Jan 13, 1953
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other; but it took a non-trivial amount of work. Either wayetbaper was 8-1/2
inches wide. (There were some other, narrower widths duaikes well, requiring
different platens.) With sprocket feed the paper would HéZ7inches wide after
the strips containing the sprocket holes were removed. Nothe mid 1960s
there was a customer requirement for sprocket feed usingrvadper. | don'’t
know whether the reason was a need to print 80 columns, pamegg to the
columns of a punched card, or whether there was a desire &3&l2 inch wide
paper after tearing off the sprocket hole strips. The desgwere able to get a
slightly wider platen into the typing unit. In hindsight om®nders why the de-
sire for 8-1/2 inch paper between sprocket hole strips wasinaous all along.
It would have been easy enough to make the Model 28 an inchrwitlen it
was first being planned. Competing products, such as thossl lmasthe IBM
Selectric, had wider platens as most typewriters do. In sofrtfeese it was a sim-
ple matter to remove the platen entirely, allowing frictieed and sprocket feed
platens to be interchanged in a moment.

| had an opportunity to take an in-plant class in computeg@amming in
FORTRAN. Teletype at the time had a couple of IBM 1401 compudacsa 1410
computer in the business end of the business. When | first gog the old 650
was either still in use or had just been retired; and thereandBM RAMAC 305
system in use. RAMAC (Random Access Method of Accounting) wasred-
program machine capable of things like inventory contrafjuéss it was rather
like the Teleregister system | saw at La Guardia; it used an@idgdisk system
for storage and had electric typewriters connected to ieawihals. I1BM had
invented magnetic disk storage over the opposition of sdch@mduct planners
who believed punched cards were the only way to run a busifassched card
accounting was a well developed technology; but it didn’tkweery well in ap-
plications like inventory control where fast access to mndlata elements is a
requirement. The 1401s had a FORTRAN compiler, which was of veerest-
ing design because the 1401 was such a small machine. Asexipi@j the class
| wrote a program to calculate the sideband amplitudes gfuigacy shift keyed
data signals.

Walt Zenner’s retirement party in 1964 was a major bash, heltie plant
with a banquet and what would now be called a roast. All theagars patrtici-
pated in skits. The new Model 37 stock ticker project haviegrbcompleted, a
representative of the NYSE was there to present Walt onecobldhglass bell jar
stock tickers as a keepsake. (Those tickers were alreathctaks’ items at the
time, having been replaced with a better Teletype tickeuah©30.)

Roger Klich was promoted into the position vacated by Waltrigenlt seems
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to me there was a vacuum of leadership after Walt’s retiremeat that Roger
was not a capable leader, but that the company had run for ag y&ars with
Walt having all the answers. Now that he was gone there wasdyofo author-
itative. Part of the problem was external and coincidentahder the old Bell
System rules Walt’s instincts couldn’t be wrong. The ordineustomers had to
take whatever they were given. Large, important customarkldhave something
designed specifically to their wants. Teletype Sales wddpginning to consider
that large groups of ordinary customers, e.g. insurancatageould aggregate
to a large important customer. With the advent of Dataphameice the rules
were suddenly changed. Customers could shop around for efaténal equip-
ment suited to their needs. At the same time there came a tiigase in online
computing. It was no longer a reasonable assumption thabboar machines
was talking to a basically similar machine at the other end wire. Dataphone
modems allowed speeds up to 2000 baud on dialup connectiadsgustomers
wanted to take advantage of those speeds since the chamedbmwas the same
regardless of speed. Computers, unlike people, tended toupeat lot more data
than would be typed on a keyboard. Hence customers wanted fasminals than
were needed in the era of strictly people-to-people keyhogr

Somehow | got moved off the fax project and into Joe Murglaepartment.
Alma Jordan was our secretary; Phil Barry worked in there odd&li87 planning;
there were Detlev Brodrueck and Paul Shih and some other esrgimnd techs
| don’t remember. One of the assignments Joe and | workedgmthier was an
attempt to create a vision for the future product line andg@néthis in a meeting
chaired by Roger Klich. It seemed like we would work all weelkagiresentation,
make it at the meeting, and then Roger would say that was nt¢ gdnat he
wanted and ask us to come back again the next week. | remernbee goint
saying, “It looks like we’ll be stuck with paper tape for a \ii and he responded
with something like, “You'd better hope we stick with papapé for a while; it’s
the mainstay of our business.” | found this disappointingping that we needed
to move into some other storage technologies. Neither deskaor magnetic tape
cassettes had been invented yet. A forerunner to the casesdta tape cartridge
that RCA was promoting for entertainment. It was basicallyshme as today’s
cassettes but twice as large and used 1/4-inch tape. Sicdddita Systems had
adapted this medium to computer use under the name Magpakelnber talking
to someone at SDS about tape formats and whether we couldeisechnology;
but this never led anywhere. Nor did the RCA cartridge last \@mng in the audio
market; it’s just as well we didn’t do anything with it.

Phil Barry and | decided we could measure how well the compaasydoing
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by watching the turnover of mail boys. The entry level job wiadivering malil
around the plant. If we got a new mail boy (or girl) at frequentervals the
business must be doing well, as they were being promoted@mcdnes hired.

Some time earlier John Auwaerter had showed me a productijolésc for
the IBM 1050 equipment. This was something like an ASR setihmeitprinter,
keyboard, tape punch, and tape reader were separate baoxescted to an elec-
tronics box. There was also a punched card reader that cew@ttdched. Because
the parts were all separate modules a 1050 could be configsradeceive-only
printer, or as a paper tape only transceiver, or as a KSR, ootrey reasonable
combination of capabilities just by plugging in the appiaf@ modules. John
seemed to think this was an important concept; and | agreedal¥é paid some
attention to the IBM 2740 and 2741 terminals which had justea@ut. These
were basically KSR sets built from Selectric typewriters. fact they could be
used offline as typewriters. They appeared to cost a lot nmraake than an
equivalent Teletype product, yet they rented for about #iaes monthly rate.
There really wasn't an equivalent Teletype product at theetias the 2741s of-
fered upper and lower case printing. They might not have asshuch to make
as we thought. IBM had some of the best manufacturing engineéalent in
the world and probably could make things more cheaply thgor@moutside that
secretive company would have imagined. IBM was also free toipodate rental
rates and selling prices as they pleased. The IBM terminaisglbased on an
office typewriter design, lacked the durability of Teletyweducts. But they were
sleek looking, didn’t drip oil, were good for typing on letteads, offered a vari-
ety of fonts, had great keyboard feel, and in general were quipealing>®

| mentioned earlier that standard-speed products weresiioj considerable
interference by Bell Labs in their design. The Model 37 wasfirst product
| worked on where this was an important factor. The Model 38 Kodel 35
sets for dial TWX service used the 101 modems. These were digastly and
mounted in the pedestals of the machines out of sight. Thaseav®9-wire cable
running between the modem and the Teletype product. Sikcenttdem was out
of sight there had to be most of a telephone built into the aipeportion of the
cabinet, allowing the operator to place and receive callserfone of the 99 wires
was negotiated in long dreary meetings between Bell Labs atetype. For the
Model 37 the interface had been cut down to 50 wires, but the= still a lot

39 recently heard an anecdote about a different company aiffiteeait product; but it involved
a marketing man and an engineering-oriented executive.y @lhgued whether their company
needed a good product with excellent marketing or an extefieoduct with good marketing.
This seems applicable to the situation with competing IBM @eletype products.

61



of negotiation. Bell Labs insisted that a box of theirs, ahbestation controller,
sit between the Model 37 set and the telephone line. Theyiemad different
kinds of station controllers for TWX, some other dialup seed, selective calling
private-line systems, etc.

We had learned that some of the Bell operating companies werdiiag the
expensive dial TWX sets and simplifying their inventoriestoying private line
Teletype sets and connecting them to modems of the 103 fawtiigh were rel-
atively compact and included the telephone. This suppatedhinking that in
contrast to the Bell Labs vision we should have a product ttwatdson its own
and was usable without any special station controller segply a telephone com-
pany. | started looking at the various applications of owrigapent in relation to
the RS-232 interface. This was a very interesting projecenBhough RS-232
was intended strictly for modems it could be creatively nipteted to suit other
kinds of systems. For example, the Request to Send lead wastpwired ON
at all times with the full-duplex modems. In a polled privéte system it could
be used to indicate that the station had a message tape iedatierrwaiting to be
sent. Hence if we provided a number of strapping options imsetiit could be
connected directly to a modem at the RS-232 interface, coeteo a computer
having that interface, or connected to a private line stationtroller in a polled
or other kind of system. The basic Teletype product couldhecohto their station
controller using RS-232. Then there could be a separate faintethe station
controller to a key and lamp assembly to handle the conditibat RS-232 could
not handle, such as a priority key or a telephone dial. | doglieve anything ever
came of this idea. If I had had a better understanding of whiit Bbs was trying
to accomplish | could have made a more convincing argument.

The Henry Dreyfuss industrial design firm did work for both Bedbs and
Teletype. This no doubt explains the similar profiles of tle®-Bype telephone
set and the Model 32/33/35 machines. There is also a reseogbletween the
Dataphone sets and the Model 37 cabinet. For some reas@wasrno unifor-
mity of color: the Data Phone sets were blue and gray and tletype 32/33/35
were beige and ivory. It is unfortunate that the industresign did not extend
to allow a Dataphone set to be neatly fitted to a Teletype machin the Type
2 DataSpeed machines we did have a special panel to accartbda?02 data
set in the cabinet. In Type 5 DataSpeed the receiving modesnawarge box,
and then there was a "data auxiliary set” that sat on a shetiencabinet with
another special panel to surround it. The data auxiliaryvestnothing more than
a key telephone but designed to resemble the 202 data seist kdow where
you would put a Dataphone set in a Model 33/35 machine; baitcinabination
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would have eliminated a lot of the complexity and variapitif the call control
units and the earlier 101 data set in the base of the cabiripgose the later
Dataphone products were not forseen when the Model 32/38&8%hines were
originally being designed for Dial TWX.

| picked a fight with the mechanical designers of the Modelyg¥ng unit.
They had decided it should have online settable tabs. Rreyooducts had had
vertical and horizontal tabs settable only by a maintenaackenician. It seemed
to me, considering the machine as a computer terminal, tilateosettable tabs
were fairly worthless. For one thing, a programmer wouldgmto the trouble to
figure out all the tab stops that might be needed in an apmitaind then write
the program to generate the correct number of tab charaittesvery use of
them. The other problem was that after sending a tab charthetsender had to
wait to allow the receiving machine to get positioned. Iepeinter-to-teleprinter
operations we had used contacts on the printer at the seedatp interrupt tape
transmission, on the assumption that sending and recawadines would need
about the same length of time to get positioned. With a coergarbgram it would
be necessary to calculate estimated time delays; they vwooldhbly be generated
by sending fill characters rather than by actually delayraggmission for a time
interval. | argued that a much more useful feature would bera&bntal jump
of three spaces (the speed of tabbing was three spaces pactenaime). The
computer could calculate the number of jump charactersetet position the
print head to the nearest position, and then if necessargmaeldr two spaces. The
mechanical designers would have none of it; they had figuuedhow to design
online settable tabs and that was what they were going to dothigs later
turned out in the computer timesharing business there was$agto standard that
tabs were set every eight character positions. The compoidd be told whether
the terminal had tabs. If it didn’t, the computer would semel ¢correct number of
spaces to get to the next tab position when a horizontal tatacter came along.

The Model 37 keyboard was another source of distress. It imatas to the
Model 33 design, already famous for really awful touch, arahpsed to be even
worse with its greater number of keys. John Auwaerter toldhmaethe keyboard
designers knew how to design a keyboard with rotary code barssumably
similar to the IBM keyboard design with its superb feel - buattthere wasn't
time to develop such a keyboard given the schedule for theeM®d As it turned
out other aspects of the Model 37 delayed the schedule; theutd have been
enough time to develop a good keyboard, but the decisiororttad already been
taken.

One of those delaying factors was the selector. It's hardigihdo get a me-
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chanical selector to work at 110 baud; at 150 baud it was w&gidiard. At the
same time Bell Labs said they couldn’t guarantee a low-distorsignal from
their modem at 150 baud. Detlev Brodrueck was doing some iemeets with
integrated circuits. Somebody else in the company wasiglkith semiconduc-
tor companies about a future product along the lines of wieatew call a UART
- an electronic sending and receiving distributor on a sirglip. We figured we
could make, at acceptable cost, a regenerative repeatef oiegrated circuits.
This would clean up the signal from the modem and allow thectet mechanism
to get by with poor distortion tolerance. Personally | faacdmaking the printer
parallel input; this might let us run it well about the tagtl50 WPM. As it
turned out the mechanical people worked and worked unti llael a satisfactory
150 baud selector. This was one of the factors that delayegribduct; but at
least it satisfied Mr. Krum’s dictum of 1925 that as much assjisde should be
done mechanically rather than electrically. This is a cdssomething that had
become so much a part of the corporate culture that it wastbadcept the fact
that the world had changed. | certainly did not forsee thegpwith which mi-
croelectronics would render Teletype’s prowess in thingemanical worthless;
but it was clear that in some areas we were up against theationts of mechan-
ical technology. Another lesson which can be drawn from ithithat a project
which is challenging, which motivates the engineers to tekemir best efforts, is
not necessarily a project which should be déhe.

| don’t believe the Model 37 would have had much of a servifgediven if it
had come to market on schedule, which is to say in the latesl%69noted earlier
there were Dataphone modems substantially faster than did) soon followed
by faster third-party modems. For use as computer termowdmers wanted
the fastest possible printing or CRT display because comppté out lots of data
in response to a little keyboard input. The daisywheel primtas soon to appear
on the scerfg; and after that the second-generation dot matrix machiblesta
produce a variety of good quality fonts. The Model 37 repnése practically
the last instance of intricate mechanical technology. Hterlprinters all used
the simplest possible mechanisms and relied on electrogic for the complex
operations. Another problem for the 37 was that it was onB638ster than its
predecessor. | don’t consider this a hard and fast rule ,dmetimes it's not worth

4OFrom looking at a Model 37 parts book recently, it appearssbme sort of integrated circuit
regenerator was part of the product. | don’t know whethes thas used for receiving or for
transmitting.

“Teletype had patented a daisywheel printer in 1938, butowitklectronics it was not a very
promising product. See Reiber patent 2,146,380.
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developing a new product unless it outperforms its prederdsy at least 2:1. It's
interesting to speculate what might have been done if Tigéehad set a goal for
itself of a 300 wpm printer.

Joe and | made some more enemies as we argued that produlcpeest
should be guided by marketing sense. We found someone gawglan R-T
stand at the request of Pacific Bell. We asked how many of thesyBel was
going to buy. “Three,” was the answer. Someone else was a@ngl an eight-
level keyboard perforator. We asked who the customer wag d@w't have one
yet, but there is a five-level perforator in our product lise,we figured there
should be an eight-level one too.”

The Model 19 had a switch on the front: Keyboard, KeyboarpgeTdape. The
tape punch and the signal generator were both connected gathe set of key-
board code bars. In Keyboard position the punch was deé&ativén Keyboard-
Tape position both punch and signal generator operated.ape position the
signal generator was disconnected. Thus in Keyboard positie could transmit
without using tape. In Tape position one could punch tapedb) perhaps while
receiving a message on the printer. In Keyboard-Tape pasiie could transmit
and punch a tape copy at the same time. More likely one woulthelkeyboard
and printer on a local circuit to get printer copy while puimgha tape for later
transmission. (Which implies there is also a Line-Local shjitor at least some
way to run the machine on a local loop without sending angtloif-site.)

This was carried over into the Model 28 ASR, which also had acpune-
chanically connected to the keyboard code bars in mostoressirhere was a big
knob on the front of the machine marked K K-T T. The same ides garied
over into the Model 35 ASR. | don’t remember a purely-mechamainch in the
35 line; | believe the punch was run by putting the keyboard ameperforator
into a local loop in the T and K-T positions.

Meanwhile the Model 32 and 33 ASR sets were similar to a degapular
in Europe but not previously used by Teletype. The tape puvesh connected
to the printer code bars. This made it possible to punch tege & received
message, something that required an auxiliary reperforadodel 19 and Model
28. However it precluded blind punching while receivindfica The tape reader
was connected to the keyboard contacts, so it was not pedsilbtansmit from
tape while using the keyboard and printer to punch tapellpCHhere was usually
a Line-Local switch.

A further complexity was that in some models the tape readpuoch or both
could be commanded on or off by characters received on théepand decoded
in the stunt box, at least on ASCII models. It began to botheithméwe had
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such a variety of controls, making it hard to explain to anrafr how to do what
needed to be done and what could not be done on some models)ecases.
The expression “user friendly” was not to be invented forrgglime to come; but
what we had was definitely not it. | sketched up a design fortwhamed a more
rational set of controls: Line-Local toggle switches foe brinter and keyboard
and Line-Local-Off pushbuttons for the reader and repattor This design was
never tested on naive users or otherwise, so | have no idetherhewas actually

any better than the traditional one. Someone at Bell Labs hatted on this

problem a long time previously. Tape preparation stationghfe 81D1 switching

system had a key labelled “copy while perforating/copy wiinsmitting.”

Related to the above, but hidden from the users, was the isshumioto get
local copy of transmitted signals. With half-duplex citsuyou get local copy as a
side effect of transmitting. With full-duplex circuits, duas were provided by the
Bell 100-series modems, we had to make an internal connectiget local copy,
since the incoming signal was separate from the outgoingneSuf the computer
time-sharing companies were operating half-duplex to Biyngheir equipment.
Others used a mode they called echoplex, in which the fudledutransmission is
used and the characters received at the computer are echdetblthe terminal.
This has the advantage that in case of poor transmissiorpr@tor can see that
the computer is getting garbage. It also allows the compateontrol local copy,
e.g. turning off echoing when the user is typing a passwordlf-guplex sys-
tems had to print a black blotch to hide the password by sgr&time characters,
carriage return without line feed, send some more chasgotée. and then let
the user type the password. Obviously this works only wittdltpy terminals,
not with video terminals that cannot overstrike. With héiliplex operation there
must be a Break key, as there is no other way to interrupt a ctanfhat is send-
ing unwanted output. With full-duplex operation any conesn character can be
designated an interrupt character, as the computer cactdsteming characters
while it is sending.

That reminds me of another issue that came up while ASCII wiaiglvevised.
With hard copy terminals we assumed the ability to backspacestrike over a
character. This might be used to add diacritical marks, xargle. With video
terminals as usually implemented there was no strikeovealmaty; backspace
followed by a character replaces the previous characteerahan adding to it.
Apparently the designers of computer timesharing systesre wot paying any
attention to the people working on ASCII, and vice versa, beeave got some
practices in the computer industry that were misuses of ASRdracters. It be-
came popular to use rubout to mean “discard the previousctaat and a string
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of n rubouts to mean “discard the previongharacters.” Hence if a computer
received characters from a punched tape that had been teatneith rubouts it
would discard unintended characters. It became equallylpofo use backspace
as an eraser, analogous to a manual typist backspacingréadgsover for cor-
rection. On video terminals backspace usually just movectthisor backwards,
S0 it was necessary to transmit backspace space backspareséathe unwanted
character from the screen and position the cursor to esteeplacement. Hard-
copy terminals often did not have a backspace capabilitytsohever character
was used for erasure it was useful to print some charactér asi@ slash to re-
mind the user how many characters had been erased. For sasom liebecame
popular to use ETX to mean “interrupt the currently runnimggsam and kill it.”
EOT came to be used to mean “end of file” even though ASCII hadhleacter
FS assigned for that purpose. (Some Teletype equipmentwasyad to put the
modem on-hook on receipt of EOT.) No doubt some of these eBoiere made
to get single-keystroke or CTRL plus single-keystroke comusaim early Model
33s and 35s that could not produce all the characters in ti& A8t.

Then there was the issue of bit-paired versus typewriteegkeyboard ar-
rangements. Mechanical keyboards could not have arbiissignments of char-
acters to upper and lower case; the characters on upperwaeaddase positions
of a key had to differ by only a bit or two, in some systematig/viar all keys.
Often this led to a keyboard arrangement that was not the sangenventional
typewriter keyboards, where the character assignment wagpletely arbitrary.
Now that we have electronic keyboards and translation soéwhis all seems
very quaint; but at the time it was a major headache in codigies

| have already mentioned Teletype’s generally under-neizegl role in foster-
ing computer time sharing by producing the Model 33. | begaget the notion
that perhap#\PL would be the next big thing in the time sharing businesBL
is a programming language based on the work of Kenneth Iadrstis book,
“A Programming Language.” It makes use of an elaborate ctaraet, including
Greek and Roman characters and some unigue symbols. To makeraicti-
cal programming language IBM had reduced the character sstnething that
would fit on the ball of a Selectric typewriter, and hence orrd22terminal. This
was 88 characters, if | remember correctly. Teletype hadupger/lower case
machines in development, Models 37 and 38, the latter ditfreen the 33. | also
felt there was a future for what we now call word processingcivwould require
an upper/lower case terminal. Perhaps a low-print-qu#gityinal would be fine
for input and for draft printing, using a more expensive niaetior producing fi-
nal copy. For these reasons | felt there was some urgency tbegModel 38 into
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production. Claude Kagan insisted that it was easy, that tarteale a few parts
and converted a Model 33 to print upper and lower case. Ag#itirned out the
Model 38 didn't get into production for several years. Whedidt it was not just
an up/low Model 33; it had been widened to handle 14-inch agerdorms. This
introduced some reliability problem#PL is still around today, but it remains a
small niche language with probably a dwindling number ofcatfiados. Word
processing is of course a major application of computerspustrained by any
need for a hard copy terminal; but in those days we had no fi&a tvould ever
be microcomputers. We can only guess what might have hagpetree Model
38 had come on the market a lot sooner.

While the upper/lower case projects were under way someonaé g&nner,
| guess) got the idea that maybe we could fake it with a spgail@signed type
font. The Henry Dreyfuss firm was asked to design a new fonttbald look like
lower-case but would not offend people by having proper reaoreapitalized.
A font was designed, a Model 35 typebox was produced, and agnaph was
written and circulated explaining the project and gividgstrations. And that was
the end of the “monocase” font, which was hard to read andtdlol anybody.

From time to time there were rumors that Teletype would benspftifrom
the Bell System or perhaps sold to Western Union. Maury Gakézpresident
of Teletype, remarked that the rumors were not new, and thatever he would
visit Western Union headquarters on business they would $tia a little desk
in a dark corner and say, “See here, Goats, we have a placedavlyen we take
over Teletype.”

In the late 1950s Western Union introduced Telex into the. Ugex had
been in use in Europe since the 1930s. It was a circuit swdtt#etypewriter ser-
vice similar to TWX, but with dialup connections rather thaamaally operated
switchboards, and was international. In my opinion this wasajor mistake for
W.U.#? First, it put W.U. into head-to-head competition with AT&TTWX ser-
vice; and AT&T owned nearly all of the local loops that wereegsary to provide
the service. Second it required W.U. to spend lots of moneglectromechan-
ical switching equipment and on new customer teleprint&igctromechanical
switching was about to be obsoleted by electronic switchlingrobably annoyed
customers as well by making it necessary for them to subestoiboth TWX and
Telex. Telex operated at the European standard speed ofusD WA U. was the
major customer for Model 32 equipment.

It was always an article of faith with Western Union peoplattBell’'s TWX

42However, | have been told that Telex was a big money-makén&stern Union.
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service violated an agreement reached many years ago that@édt “stay out
of the telegraph business” and W.U. would abandon the telepbusiness. W.U.
made repeated attempts to get the government to force AT&JelioTWX to
them. Their campaign was “one national carrier for voiced ane for record
communications” as if the wires cared what kind of signal passing over them.
AT&T always countered that TWX was considerably entanglethwhe voice
telephone business, sharing most of the same plant, sodpatating the two
would be almost impossibly difficult. Eventually W.U. préea and purchased
TWX from the Bell System in January 1969. 1 wonder if the executives of
either company realized at the time that the best days okihisof service were
already past. A few years into the future it would be obsadléecheap customer-
owned fax machines, the combined result of Japanese eladythe Carterfone
decision, and cheap long-distance telephone service. Welaved at the time
what effect the sale would have on Teletype, since so muchiopmduct went
to TWX.

| never stopped thinking about how to make the product lineluter a la
IBM 1050, but | never came up with anything practical. In Mo@&/33 the
keyboard and tape reader were simply wired in parallel; eea$ arranged to
open its contacts when not in use so as not to interfere wéhother. It was
hard to beat that for simplicity, even though it lacked gahr. Perhaps the later
Standard Serial Interface was someone else’s take on makimzgular set.

There was a project to make a block error correcting high dpaee set. |
remember something like this being worked on in the late $950 involved
a reader that could back up and re-read, and a punch that paillthe tape
backward and punch rubouts over a block of tape found to coataerror. By
the mid 60s Walt McClellan had charge of this project, whictsuw@be Type 4
Dataspeed. | have heard this did actually get into prodocti®ne major thing
wrong with the concept is the time it takes to read a block bbed out tape. To
me at the time it illustrated that Teletype needed to haveesatimer technologies
to employ: in this case small magnetic core or disk memoryebsifthat could
hold a block for error checking and retransmission.

AT&T started talking about a system to be called #1ESS-ADRething that
was to use the computer of #1 ESS for data switching. | nevéenstood exactly
what the system was proposed to do; but it seemed to me thiagalong those
lines would be getting awfully close to the area of data psstey prohibited by

43Government policy over many years seems to have been to kagpwith exactly one foot
in the grave at all times.
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the 1956 consent decree. | never heard much more about @tefllearned that
it was built, and used for TWX switching and also for some Bekt8yn internal
store-and-forward services. The literatdfesuggests that a single #1 ESS ADF
could perform message switching for several customersatdme time, keeping
their respective traffic segregated. After TWX was sold to t&sUnion further
development of #1ESS ADF ceased.)

In any case the product was probably too late for the marketgays of pure
message switching systems were over. Customers were usnguber-based
switching; and they wanted to do data processing, not jisst pgessages between
people. The data switching computers that some companiesmaking wound
up being adjuncts to data processing systems rather thadast@e switching
nodes. However | can imagine there would have been a goodetfarka ser-
vice that would let a computer time sharing company give utst@mers a local
telephone number to call, while the computer might be lat&eaway.

There was the Great Model 35 Regenerator Crisis of 1965. Mdaleh&-
chines had as an optional feature a regenerator intendeéato gp signals from
keyboards and tape transmitters. | don’t remember how ticaitworked, but it
involved a circuit card with an SCR, and a timing contact ofgetdéty a cam in the
transmittef®. The timing contact was supposed to deliver more accurétald
pulses than were available from the main transmitting atataAlthough this
circuit had been designed in as an option, nobody had or@dergdets with it in-
stalled. Then AT&T decreed that as of a certain date all thkeidel 35 sets were
to be furnished with the regenerators installed. Troubls,viae circuit didn't
work at all reliably, delivering incorrect bits instead dbgpy-timed pulses with-
out the regenerator. There was a period of several weeks fivhgined sets were
being stacked in every available place in the factory as toeydn’t be shipped. |
believe the trouble was traced to a well-known phenomen@mansulating film
forming on contacts when the circuit voltage and currentewast sufficient to
keep the film burned off.

During this time Bob Weitbrecht was working on telephony fo tdeaf, which
ultimately turned into the TDD machines of the present*laob had a great
ability to do things simply. He had done some experiment$ wiansmitting
TTY signals around the San Francisco Bay Area over dialedaop@connections
(ignoring the no-foreign-attachments rule). He used bghjdency shift keying

44Bell System Technical Journal, December, 1970.

4S5Probably Scott patent No. 3,217,182.

46The full story of this work is told in a book, “A Phone of Our Oyrby Harry Lang of
Rochester Institute of Technology, published by Gallalttgversity Press.
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and make-and-break using the space tone only. The advaoitagace tone only
transmission was that no send-receive switch was neededn Wéhendertook
to transmit longer distances, between the Bay Area and Pasatere was a
problem with echoes causing garbled copy. Bob found a solitidransmitting
FSK, turning on the carrier at the beginning of a start pulse @rning it off
after a few hundred milliseconds of no typing. The detecimrated on space
tone only; the mark tone served only to overpower the echoéslasensitize the
detector to them. He got a patent on this schéffob and some friends started
a company to manufacture modems, to be used with second4heaiud 5-level
teleprinters. Some of the more affluent users bought new Mg@lenachines
from Teletype. The deaf people appealed to both the Bell 8ysied the U.S.
government for support and got none. The Bell System wastétaested in a
service that depended on the uncertain supply of used telers, that used a
modem incompatible with their own, that used an acoustiplesuand basically
duplicated the existing TWX service. The government wouldnpport anything
that didn’t use ASCII. Several years went by, during which pater companies
flooded the country with acoustic-coupled modems. Theipalitlimate changed
in favor of much greater commitment to aiding the handicapgeventually the
technology was there to produce compact inexpensive tatgsjitypically using
dot-matrix printing on thermosensitive paper. Today thevise called TDD is
available subsidized to deaf people everywhere in the W.Sillluses 45 baud
Baudot and the Weitbrecht modem.

| had thought that a Model 33 with a built-in originate-onlgoastic coupler
modem would be a nice product as a computer terminal. Of edhesBell System
would have nothing of it; so there was a market opportunitystame third party
to buy Model 33 machines from Teletype and add modems anthseli. Some
of us used to say that it would be fun to start a business rigiisa the street
from Teletype, buying machines and parts from Teletype amdiguring them
into what customers really wanted.

Fred Mocking was interested in educational projects; he avaadviser to a
junior engineering group. We gave some thought to desigaicgmputer that
would be built with relays, obtaining the relays from Bell &ma scrap. (At the
time Western Electric had a program of giving away surplusspand equipment
to educational institutions.) | don’t think this went anyther than talk and a few
sketches.

In amateur radio there was a Chicago area RTTY organizatiarfob some

4"\Weitbrecht patent No. 3,507,997, April 21, 1970
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reason | never went to any of their meeetings. | did attenduplecof the annual
Chi-RTTY gatherings, where were held at McCormick Place innemtion with

some big conference, maybe IEEE or maybe NEC. People camede from

all over - Merrill Swan attended some of them, as did other-ebwn ham

operators. There was a genuine colonel from Kentucky; hecaasnander of the
state police and the proud owner of a new Model 32 ASR set.

One of those things that seems obvious now 35 years laterevet crossed
my mind at the time - Teletype should have undertaken to devalteleprinter
having no adjustments or lubrication. Not with the idea afdurcing such a ma-
chine in the short term, but with the idea of learning how tatdor some future
product. Just looking at the adjustments and lubricatiookidor any Teletype
product must have been scary to any prospective purch&sech. a study might
have produced something along the lines of the later Diatdic@ume daisywheel
machine®.

When | returned to Teletype from the Air Force | guess | had negwen
much thought to the role of Teletype within the Bell Systemsduamed that sys-
tems like multiplex and ADIS were a normal part of the mix ofjomg projects
in the company. After becoming familiar with AUTODIN and plag with the
little Packard Bell computer | expected to have a lot to do gitting Teletype
into the newer technologies for its systems work. | neveugfim about applying
to Bell Labs or Western Union because | had been so happy dlypelen my
two summers there. Thus | was disappointed when | realizedTiletype had
no future in systems work, and that Bell Labs was jealous ahts turf and re-
garded Teletype as merely a component supplier. Much a®yedjworking at
Teletype | started to feel that it was time to move on. | cefyaivas not prescient
enough to realize that microelectronics would soon waslyahaunderpinnings
of Teletype’s entire business. | just didn’t want to spersrist of my life doing
communication terminals for other people’s systems. Saitedt interviewing
companies that seemed likely prospects.

One was Collins Radio in Cedar Rapids. Collins had a reputatioheatop
of the line in avionics, broadcasting equipment, amatediorand military radio.
They had a message switching computer product and wereiptatomdo more
along those lines; the man I interviewed specifically merdw airline reserva-
tions systems. Collins made me an offer; but | decided CedardRapas not
where | wanted to live. As things turned out Collins soon faitkbadly, lost tons

48Ran Slayton’s museum tour document mentions a daisywhiegépthat Teletype had started
to develop.
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of money without gaining a toehold in computing, and was awally swallowed
up by aerospace giant Rockwéil.

Another company | interviewed was Scientific Data Systen&ainta Monica.
At the time they were in the minicomputer business, sort ofesMZoast version
of Digital Equipment Corp. | don’t remember if they made me #ero Before
| left Teletype they had introduced a new computer line sohaswesembling
the IBM System/360 but not compatible with it. They later proed a highly-
regarded timesharing system running on these machines.tfiég were acquired
by Xerox, the first of several misadventures of that compautgide the copier
field.

| interviewed a couple of times with General Electric in Phiae getting an
offer the second time, which | accepted. Coincidentally figle had plans to re-
place its IBM computing installation with a G.E. machine. Whementioned my
new job prospect to a friend who worked for IBM he confided thd.Gvas the
one competitor IBM was really scared of. | assume that wasusec@.E. was the
only competitor rich enough to mount a serious challengéearidustry leader.
IBM need not have worried; G.E. was highly decentralized analiling to bring
enough resources to bear on one market segment to mounvasseiallenge to a
one-industry company like IBM. Further, G.E. had almost rghHevel manage-
ment that understood how to run a computer business; buistgatting ahead of
the story.

G.E. had, however, caused IBM a serious loss of face by wintiiagcon-
tract to produce the computer for MULTICS at MIT. The goal of MUCS
was to make the time sharing system to end all time sharingsgs and was
a DARPA-funded joint effort of MIT, Bell Labs, and the computendor. I1BM
had a cozy relationship with MIT, expected to win the machinatract easily,
and was stunned when that did not happiert

49As documented in the book, "Arthur Collins - Radio Wizard” Bgn W. Stearns. It seems
tragic that Art Collins had an excellent vision of the futefecomputers and communication, but
pursued it obsessively at a time when the technology wasighere yet. After reading the book
| am really glad | didn’t take the offer of employment at Co#li

501BM rushed to produce a similar machine, System/360 Modeh6@d promised a MULTICS-
like operating system to run on it. The latter was never éedid. Customers ran the machines as
Model 65s; or in the case of University of Michigan with an oggeng system written in-house.

SIMULTICS had a lot of influence on operating system designpboted to be an evolutionary
dead end as a product. It was married to a large, costly naangficomputer. Time sharing systems
running on minicomputers soon proved to be more appealifgy Tvere relatively inexpensive
to begin with; and a facility could be expanded simply by lmgyimore of them. The UNIX
operating system from Bell Labs was practically given awagducational institutions, ran on
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It's a little odd that | had not given any thought to workingthre computer
field at the time | graduated from college. At that time | haolbht that comput-
ers involved some interesting technology; but | wasn’trneséed in working on
things that sat in glass-enclosed rooms and received allitipait from punched
cards. It was only when computers began to be used in onlipkcapons that
they attracted my interest. | also was well aware that stpredgram logic and
magnetic storage were going to displace wired logic and ipeth@aper tape in all
kinds of systems applications.

| remember seeing at Teletype a Model 33 printer with a caatveir under-
neath. It might have had a 10-key keyboard. There was talletiing into the
point-of-sale terminal market. In view of the consent deaestrictions | suppose
the concept was for the telephone company to offer poirgadd-terminals and
communication with the customer’s computer somewhere else

| hit the road for Phoenix two weeks later, in the early sumaiéi966, leaving
behind one unfinished project. Teletype was getting intecesn numerically-
controlled machining. There was a desire to connect a DRPEhpianone of the
1401 computers so that we could generate our own tapes tottm machines.
| was asked to do the connection. IBM offered a customer-hare\wterface to
their machine as an option. They charged something like $18@nth for this
feature. Perhaps in retrospect that would have been the nemsbnable way to
go; but | decided the price was too high and that | would irdsteake the DRPE
connection emulate a magnetic tape drive. The tape driegfate was available
at no extra cost, as tape drives were simply daisy-chaineth@inachine. This
was not a totally harebrained scheme; some other compadyqed a successful
time-of-day clock for IBM products that connected to the tdpee chain. Most
of the tape drive logic was done inside the computer. Theedrikemselves were
pretty simple, having only read and write amplifiers and #petmotion signals.
One complexity of writing to a tape was that the drives had +afser-write heads
and sent read signals back to the computer during writingon'tdhink these
had to be the same characters that were written; | think tlaelydnly to have
correct vertical parity. | was going to use the logic cirsuibhad experimented with
earlier: high speed transistors on standard Teletypeiticands. | don't know
whether the project ever got completed. About the time | veasihg Teletype
had taken delivery of a Honeywell 200 computer, a machiné iz directly
targeted at IBMs installed base of 1401s. Perhaps by the im®RPE project

popular minicomputers, and was considered by many to berisupe computer manufacturers’
own offerings. Then microcomputers took over.
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had been completed there would not have been a 1401 to cahteect
From this point on | will leave out a lot of personal historgnéining the
account mostly to things that involve Teletype.
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V. Go West, young man

Phoenix was quite different from Chicago. The climate islygnieasant for
8 or 9 months of the year and unbearably hot the other 3 or 4hmorkor that
reason most of the growth of the city had taken place in regeats, after the
large-scale deployment of air conditioning. Hence it wasiiyaa low-rise city,
very spread out, suburban-looking, automobile friendtyg aew. The G.E. plant
was near the northwestern edge. | rented a house on a largédat miles from
the plant. There were cotton fields nearby; and in one fieldawasatherbeaten
sign saying a big shopping center would be coming $boin my yard were
several grapefruit trees with fruit all over them. At firstdsamed the fruit grew
year round; later | learned it all got ripe all at once but yould just leave the
fruit on the tree and pick it when you wanted to eat it. At thpesmarket down
the street the grapefruit was all from Florida.

In Ran Slayton’s department at Teletype we had hired Jim BHiertechnician.
He showed up in Phoenix working for Motorola and stayed with fior a little
while until he found a place of his own. Jim was responsibleiritroducing a
couple of neologisms into our pre-lunchtime vocabularye®?” (Did you eat?)
and if you replied, “No” then the response was “Squeet” @.gb eat). | took the
responsibility to carry these into G.E.

| saw Ray Morrison one more time. He had retired and moved toGun
next to Phoenix.

The corporate culture and working environment at G.E. weiitedifferent
from anything | had experienced at Teletype. The generalagwmof the de-
partment was a Dr. so-and-so. Teletype people had seembddadainful of
PhDs. There seemed to be a belief that the experienced meahadesigners and
the experienced people on the shop floor had a knowledge aassofe useful
than anything represented by the academic distinction ottodal degreé&® G.E.
seemed to have considerable pride in and reverence foratsrdo | suppose in the
Bell System as a whole Teletype was somewhat an anomaly inet$pgect, con-
sidering how PhD-heavy Bell Laboratories was. At G.E. mamagere called
managers; that title carried a certain reverence. | wasaimlever a period of

52| guess there had been a downturn in the local economy thatehagbrarily derailed some
big development plans. When | passed through Phoenix sexeaed later the shopping center
had been built; and it was indeed big.

S3However there was a Dr. Potts who had a long inventive carte&elatype; and there had
been a Dr. Carlson in Teletype R&D when | worked there in tharser. There seems to be some
guestion whether either of these gentlemen contributetharg/worthwhile to the product line.
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time that there was a sort of cult of management that pervidsedompany. The
first-level managers of engineers tended to be enginearsstiees; but at higher
levels it seemed as if management was considered a scieitselfnand that a
a G.E. manager could manage anything, from light bulbs tortextives to com-

puter$*. Another G.E. doctrine, quite a good one | thought, was thatreers

should be able to remain engineers if they wished, and nobteed into man-

agement to advance in their careers. There were a few emgimethe plant with

the title of “consulting engineer.” They were top technieagperts who could be
consulted on problems that were beyond the ability of theatess.

The engineers’ offices were cubicles, most holding thre@war people. Labs
were out in the plant, quite a distance away. Perhaps theitsingeople had labs
in their office areas. In those days a computer was so big thaéss it wasn't
considered practical to have the designers’ offices in tlishaf their labs. Also
computers were awfully noisy with all the fans and bloweositsvould be hard
to work around one. The circuit designers, logic designens| power supply
designers were all separate groups and didn’t have muchatnedtnmunication.
Unlike Teletype, G.E. didn't like to make mechanical thin@abinets and logic
frames and front panels were necessities; but otherwise ave wld as much
as possible to use parts that could be bought ready-madeftingravas done
in a central department. Control panels were made using nicaligrcontrolled
milling machines. Tapes to control the machines were pegpar the drafting
department. It was a tedious and error-prone process. Ameggtold me the
story of the control panel for his project. When the maching fix@ished there
was an unintentional extra hole. The draftsman reworkeddehine control tape
several times, each time getting the unwanted hole to mowvedieliminating it.
Eventually one of his changes moved the hole near the eddeeafheet, where
the metal would be bent down and the hole would be out of sighey decided
that was time to leave well enough alone.

What | came to consider most significant, although it dawnedhengradu-
ally, was the coffee system. Teletype, perhaps throughomisgberhaps through
ignorance, kept the cafeteria open all morning. The diffeemgineering groups
would go for coffee at staggered times; but almost all thepfem R&D passed
through the cafeteria every morning. There was a lot of apein groups coming
and going. The result was a high level of informal commumacatmong the

54Scott Adams reports that many people see in his Dilbert cstnijg a caricature of the com-
panies they work for. For me the pointy-haired manager atergeems to have G.E. written all
over him.
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entire technical staff. A new idea or interesting obseorgtmentioned casually
during the morning coffee break, would be known throughbetR&D organi-
zation by noon. At G.E. the cafeterias operated only at meeds There were
coffee and soda vending machines throughout the plant dice afeas. The en-
gineers got their refreshments from the machines and rtutm their desks to
consume them silently. There was practically no inter-cigbtonversation. No
doubt the vending machines were a great dollars-and-camiisgsover keeping
the cafeteria open; but | am convinced that any savings vereutweighed by
the loss in informal communication. Another problem witle ttubicles was that
a talkative co-worker had a captive audience to distrach fiteeir work.

Soon after | went to work for G.E. | ran into Dennis Bobka, whd la#so left
Teletype. G.E. at the time had an aging but highly regardéa @d@anmunications
processor, the Datanet-30. Dennis worked in a data commauoms group, where
his expertise with Teletype’s customer applications waseqealuable. Later |
think he went across town to work for Motorola.

G.E. at the time seemed to have the best knowledge in thetmydoisdata
communication and data flow in the enterprise. Perhaps thssome area where
the high status of management was a help rather than a heejrprofessional
managers knew what they wanted from a data system. IBM, it sddmme,
had a much too computer-centric view of the world. They régdra terminal
keyboard as a particularly unruly species of card reader.

Labor relations at G.E. were strange. The computer depattmeéPhoenix
was a non-union plant. Phoenix natives tended to be andiruririzona is one of
the sparsely-populated not-very-industrial states. Tdteses tended to think of
unions as those things they have back East in the steel amiisin New York City
where graft and corruption are endemic, and in Californiare/tiee union work-
ers are all communists. They preferred for themselves thetéhfe lone cowboy
ethos, and voted for Barry Goldwater. Other G.E. workers lwadecto Phoenix
from G.E. plants elsewhere in the country, and were geryefiedl up with all of
the petty nonsense that the unions there habitually engag€&he of my fellow
workers, a technician from Canada who was something of a oaatses provo-
cateur anyway, told of a trip he had made to see about songethia G.E. plant
in Syracuse. Within fifteen minutes of his arrival he had bidercause of a union
grievance. Whatever he was going to do required an oscilp@scAs there was
not one in the room he walked across the hall and found onengte and rolled
it to where he needed it. The union contract required that onion technicians
move test equipment between rooms.

Still it seemed that the G.E. management in Phoenix did nptempate the
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anti-union sentiment in the plant, nor attempt to fosterdytador-management
relations. Perhaps the management training was geareddalgaling with the
militant unions militantly, and didn’t allow for the posdiby of a labor force
willing to cooperate with management. Or perhaps it wasith#éte absence of
a union management couldn’t figure out a mechanism for twp-@eenmunica-
tion with the labor force, there being no persons formallgigleated to represent
the workers in dealing with management. Whatever the redsuos,after time
management made arbitrary, unilateral decisions with pagmnt concern for the
feelings of the workers. Each time | was surprised that thekers did not flock to
the representatives of the big electrical unions, who wivays hovering around,
and demand union representation.

Another personnel phenomenon at G.E. was that the firstHeaeagers of
engineers were extremely retentive of their employees.oitfies other manager
wanted you to work for his unit, and if you wanted to do so, itsvpaactically
impossible to get your own manager to let you go. It was said, @erhaps not
jokingly, that it was easier to quit and get rehired than tbayansfer from one
unit to another. | didn't try it.

My first engineering assignment at G.E. sounds like a hatfi@detype project:
design a transmitting distributor to send several characfeASCII to a Model 35.
It took several months to complete. First | had to learn thi. Gagic circuit set.
This was a bit strange. There were logic-level circuits Ne&&NDs and flipflops.
Then there were pulse circuits using blocking oscillaterd pulse transformers.
To trigger flipflops one had to use these pulse circuits; it naispermitted to
use the edge of a level pulse to trigger flipflops. So my indedign was turned
down by the more senior engineer in the cubicle, althougtoibg@bly would have
worked just fine. After getting a satisfactory logic desighad to go through
design automation. Everything possible was wired by auten@ardner-Denver
machines; so it was necessary to put logic diagram infoonatito a form that
could be processed through several stages and eventuadlyiqe a deck of cards
for the wiring machine. | was somewhat familiar with IBMs dgsiautomation,
which allowed for logic signal names long enough to be sefilanatory. The
G.E. system then in use allowed only ten characters for thie lsame, and then
required a four-character suffix composed according to sar@ne rules that |
never fully understood. | screamed that this was intoleraltl turned out that
there was a new system then under development that would abasiderably
longer logic names. Our cubicle had the opportunity to bditeeto use the new
system, so we decided to do it.

My circuit was to be a part of a larger item; and G.E. didn’tééve ability to
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make small assemblies. So all three of us in the cubicle hegtplete the design
of the entire item before we could send our design througlydesitomation and
get something wired. That is what took several months, asractions of the
assembly needed special parts that had to be built to ortien We had to figure
out how to mount them and wire them and get them connectee todjic chassis.
It made me a bit nervous, since at Teletype we designed taimfjsad them wired
up and then expected to do a certain amount of design revisithe lab before
arriving at the final design. It wouldn’t be impossible toissvmy design under
the G.E. system; but it was an awfully long time between deaitd the first test.
G.E. had a unit called QRM, for Quick Reaction Manufactuttnghich built
the first model of anything new. Whereas Teletype would spemitery screw
and lockwasher by part number, G.E. had a general spedaifictar mechanical
assembly. QRM would choose all the bolts and nuts accordirglo it fell to
QRM to design wire and cable routing; logic design engineesgnconcerned
themselves with such matters.

| ran into the TRAC computer language again at G.E. There waarawo
had programmed a TRAC interpreter on the Datanet-30. Lateultdo form a
company that was going to do business data processing usingage written in
TRAC. | never heard any more about him.

Also running on the Datanet-30 was a text editing and forimgtystem, what
we would later call word processing. | used this quite a lmthidfor my writing
for work and for a project | was doing at home, building a cotepwvith the
involvement of some high school students. There was an IBM) Hg% used as
a terminal, and later some IBM 2741 terminals. For the higlosthroject |
would have the machine type on Ditto masters so | could runayfes for all the
students. At Teletype we had talked about some needs fdesshget insertion;
the IBM terminals made that easy since they were basicallyc8at typewriters.
Their reliability left much to be desired.

The Datanet 30 by this time was quite an old machine built wighold slow
transistors. We had a joke about that. There was one badkpaedn the ma-
chine something like 15 feet long. We joked that we would shawe to quit
making the machines because we could no longer get trarssisid enough (slow
enough) to tolerate that kind of backpanel wire length.

An interesting feature of the Datanet 30 was that the so&waas loaded from
paper tape. The entire program was short enough to fit on adbtgpe that ran

55This always amused me, because in amateur radio QRM is theeMmde abbreviation for
“l am being interfered with.”
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around on some rollers inside the front door of the machinee Machine had
a watchdog timer that would expire unless the software fatljy executed an
instruction to restart it. If the watchdog timer expired thachine would auto-
matically reload its software from the paper tape.

I'll include a story about G.E. magnetic tape drives, justdaese it is funny.
IBM and everybody else in the industry made tape drives wittuuan column
buffers so the tape could be accelerated very rapidly at éaeldrin spite of the
inertia of the reels. G.E. had bought the rights to a patenafdifferent buffer
technology, using scramble bins rather similar to the bieetype used on R-
T stands to store paper tape. The amount of tape in a bin caultdasured
approximately by shining lights at the edges and measuni@¢ght striking solar
cells at the back of the bins. I'm not sure why G.E. did thishpgs to get around
IBMs patent on the vacuum columns. The scramble bins were smelier than
vacuum columns, but the tape drives as a whole were as largecaam column
drives. This worked just fine mechanically; the tape couldbeelerated rapidly
and the servo system usually kept the right amount of tapéerbins. What
nobody had thought of was that the tape in the bins rubs dgiésed, surface
to surface. This continual rubbing tends to demagnetizéape; so we had the
phenomenon that a freshly written tape could be read edsityas the tape was
read repeatedly the recording would deteriorate until tldmo longer be read
successfully. G.E. eventually had to replace all of thope tirives in the field, at
great expense.

| remember a visit by Ernie Kettnich and somebody else frolatype. Maybe
they were trying to sell G.E. on the Model 37. G.E. used IBM &eietypewriters
as console terminals on the computers and had reliabildlpms with them. |
guess with the fairly low volume of computer sales, and ollgding one console
terminal per computer, it was considered too expensivedesign the console to
accomodate a different kind of terminal. I'm pretty surerhember seeing a G.E.
video terminal with a Model 33 keyboard; but | don’t know ifats a production
item or a laboratory prototype.

Although I had seen integrated circuits before leavingyple, the G.E. equip-
ment | worked on was still discrete component technology.diléouild a couple
of integrated circuit modification kits for one of the comg@umodels. It was for-
tunate that the machines in question used NPN silicon storsi so we could
connect directly to integrated circuits and intermix theithwhe rest of the logic.
G.E. went through a tortuous process of evaluating compétiregrated circuits
and managed to standardize on the wrong family: the SUHLtiade by Sylva-
nia and Raytheon. Soon those companies dropped out of theusthess while
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Texas Instruments dominated.

At the time there were some fairly cheap plastic cased M&ORIYL in-
tegrated circuits on the market. | could afford enough ok¢hto undertake a
project | had been wanting to do for some time. Back in the '5fisalized that
synchronous transmission offered advantages over stgrtfa radioteletype op-
eration. The worst thing about start-stop on the radio i$ with a mechanical
selector a mutilated stop pulse allows the receiving slwakieep going around,
without latching up the clutch. Typically several charastare printed in error
before the shaft gets back to where it is ready to stop for tiye gulse. | have
seen a figure that this problem costs something like 15dbgoiasinoise ratio in
character error rate versus bit error rate. With synchreriansmission there is
the problem of remaining in synchronism, but not this probkhat one bad bit
causes several character errors. The second advantagebf@yous operation is
that the detector knows where the bit boundaries are. Heéige® iaccumulate all
the energy in a signal pulse, rather than point selectingemtiddle of the pulse
as a Teletype selector does. Frank Biggam and | had talked #hsin connec-
tion with the multiplex equipment, it being synchronous. &ealdn’t do anything
about it because we were being handed a signal that had ylgeae through a
detector; to take advantage of it we would have had to bugdRBK or PSK de-
modulator into the multiplex equipment. Collins Radio hademtrency division
multiplex product, Kineplex, which did take advantage afidyronous detection.
Teletype had made, in AN/FGC-5 days, a thing called a monoptaxsed mul-
tiplex parts to achieve a single-channel synchronous tnasson. | never found
any detailed information about how well it had worked in c@mgon with start-
stop. At the time | didn’t realize it had become a product; Bab Reek tells me
it was used for DEW Line communication over scatter circuitselieve he said
it was sufficiently promising that a synchronous two-chamneltiplex was also
operable over those circuits.

Thus | had long wanted to try synchronous radioteletypestrassion in ham
radio, but could not before then because | would have haditd &uot of equip-
ment and the FCC rules required start-stop transmission any#ifter a while
(OK, I admit | can be pretty slow sometimes) | realized thatduld be possible
to transmit a synchronous signal compatible with a stag-stceiver. It was just a
matter of sending 7.0 unit or 7.5 unit code at an absolutgules rate, putting in
an idle character if there was no message character awftatttansmission. 7.0
unit code at 45 baud can be received without difficulty on atraetal teleprinter
and is easy to send synchronously and is fast enough to stag atithe keyboard
or tape reader. Now with cheap integrated circuits | coukilgauild a start-stop
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receiving distributor feeding into a synchronous transngtdistributor. | could
use blank as an idle character, or LTRS or FIGS as approp#Adtine receiving
end a similar circuit could delete the idle characters, jodeep the machine a
little quieter. | built the transmitting circuit and it woekl fine, except that in those
days we didn’t have much in the way of I.C. breadboarding egaimt so it was
hard to keep wires from falling off. Then when | tried to tramison the air with it
the RF ran all through the circuit and paralyzed the logic. sEhgroblems could
have been solved, but | put the project aside as | was doirgy ¢timgs at the
time.

| learned a lot about computers at G.E. but | was never verphamwrking
there. | just didn’t have any confidence that the managemastl@ading us in a
direction that would be successful. A good telling of theaigentures of G.E. in
the computer business is now available in a book, “King of3been Dwarfs” by
Homer Oldfield, published by IEEE Computer Society. | decithed if | worked
there for two years | would feel that | had paid my dues to thagany for hiring
me and moving me there and could leave in good consciences aisa starting
to think about a non-industry job where | could perhaps peisume of my own
ideas about computer design without the constraints of estiey product line. |
made an interview trip to the San Francisco Bay Area, gettirvisit with Bob
Weitbrecht in the process. | decided to call someone at &tdhfniversity to see
if there was any work there. Whomever | wanted to talk to waisin'so | decided
to try Harry Huskey at Berkeley. | knew Huskey only by reputatine had been
in the computer industry since ENIAC, had worked in Englandddime, had
built the SWAC computer at UCLA, and then headed Project Ganigerkeley,
which was sort of a West Coast version of Project Mac at MIT. tds also editor
of the IEEE Computer Group publications.

My call to Berkeley revealed that Dr. Huskey was no longerdhérwe had
moved to a new U.C. campus in Santa Cruz. | didn’t know such a samgsted;
but it sounded like a nicer environment than Berkeley forradllatter's eminence.
| reached him by phone at Santa Cruz; he told me that they wsteggiting
started there and didn’t have any work for an engineer rigé t but to call him
back in a few months to see how things were coming along. imetuto Phoenix
and waited a few months. One day | had a particularly disggstiorning at G.E.
and went home at lunch time and called Dr. Huskey. He said Isa@aly to hire
someone, and that he had to make a trip to San Diego and colg gay of
Phoenix and meet me at the airport for an interview. This rhage gone well, as
he offered me a job a few days later and | accepted. This wédifatl of 1968.

During the last week | worked at G.E. | was shown a prototype éw prod-
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uct, the Termi-Net 300 terminal. This was not a Phoenix petida; it came out
of a communication products department in Virginia. It wdseautiful machine,
a little larger and lower than a typewriter. The printingeiple was a rubber belt
carrying metal type fingers, each with a piece of type on the &nd. There was a
hammer for each print position. Thus it was the same in grleas the IBM 1403
line printer. No doubt there was a lot of electronics to makeoirk. They told me
the production models would be made with CMOS and that it walllgo onto a
surprisingly small number of chips. The keyboard used somagntic principle
and had a very light touch. The speed was 30 characters pandsedlentally
comparing this with the Model 37 | had thoughts similar to itfamous procla-
mation of Lincoln Steffens: “I have seen the future, and itked A few years
later there would be a 120 character-per-second versiovadtpretty amazing to
me that a company like G.E. could and would produce such awvative product.
There was nothing else in the entire company’s product linedjke it, so far as |
know. The company had no presence at all in office machinesndét aware that
in Phoenix there had been any discussion of CMOS and theyatioilihake large
custom integrated circuits. After the Termi-Net 1200 G jiparently lost interest
in making terminals. By then there were several companiesngalaisywheel
printers for formed-character printing and others makiogrdatrix printers.
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VI. Back to the halls of ivy (a little) and concrete (a lot)

| arrived in Santa Cruz near the end of September 1968. Dr. éyuskd a
couple of barns on his property, so | had a place to store aitofyywhile looking
for a place to live. | moved in temporarily with Bob Weitbrechts home was
about an hour’s drive from the Santa Cruz campus.

The faculty of Information and Computer Science (I & CS) wasdeehby
David Huffman, of Huffman coding and sequential circuit $yasis fame, who
had come from MIT. The other faculty members were Dr. Huskéyw worked
half time for the computer center and half time as a facultyntner; and Bill
McKeeman, who had just come from Stanford. Bill had given k &tla recent
joint computer conference which impressed us mightily &.Gvhen we read it
in the proceedings. 1&CS was to have been the first board ofestud a new
school of engineering at UCSC. Then a high-level committeéaded there were
already enough engineering schools in that part of the atadehat it was not a
good time to start a new one. This was something of a disappemt for me, as
| had wanted to pursue graduate study in engineering. 1&C%ireed as a viable
program under the Division of Natural Sciences. | met the mvln had been
hired to head the engineering school shortly before he left.

| will have to leave out most of what happened in the next 30s/g@aconfine
the story to matters relevant to Teletype. When | got therectmputer center
had just moved into its new building. There was an IBM Systé&®/Blodel 40
computer and an IBM 1130 minicomputer. Attached to the 1139 avaox made
by Western Telematic to provide data communication faedit There were five
Model 33 machines. The business manager was about to conithd\Vestern
Union for maintenance on the Model 33s. | told him we didn'¢d@ contract at
that time, that the machines wouldn’t need any maintenantikthey were being
used, and that | could probably fix most problems as they aiidsere were some
administrators who wanted to develop remote terminal appbns using the 1130
and the Model 33s. They were not working with the 360-40 maebiecause data
communication products for the 360 line were very much maslg than the
Western Telematic box. Also our 360-40 had far too little noeymto do more
than basic things. The state of IBMs operating system tecdigiyalas far behind
what | had seen at G.E.

Nothing ever came of this because Western Telematic caresideeir design
proprietary and would not release programming details.tebds they supplied
decks of cards with Fortran-callable routines for use whgirtbox. Fortran was
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hardly a suitable language for writing an administrativstegn; but then the 1130
was hardly a suitable machine for running it either. We damit/estern Telematic
box back to the vendor and put the Model 33s aside for futuge Tise 1130 came
with a connection for customer-added devices. | and sonuests designed a
number of things to use with it. One of these, several yeansidbe road, was a
synchronous communications port, allowing the 1130 to leel &S a remote job
entry terminal. The astronomers in particular needed aflcbmputing power,
and would send their work through the 360/91 at UCLA. The 1180 & line
printer, the same clunky mechanism that IBM had supplied #ieéh704. Upon
opening the modern cabinet you could see the 50s style 4@Uaticg machine
parts which made up the printer mechanism.

When | arrived there was also the wreckage of a Univac Solitk Samputer
that some company had donated. | found that it had been cdiz@t of enough
expensive parts to be beyond economical repair. Also thehmahcard peripher-
als used the Univac 90-column punching rather than the IBM@Q0mn format.
We sent some parts of the Univac to a computer club at the Bsrlempus,
where they had one of the machines and eventually got it to run

Allstate Insurance donated a totally obsolete vacuum-Bineoughs com-
puter. | guess our main motivation for accepting it was toehi&occupy floor
space that we wanted to get while the getting was good. | didt pogether and
we could run it for a little while at a time before it got too hdthe building air
conditioning was inadequate for such a computer. When weteatiy scrapped
the Burroughs | saved the console printer, which was a ModdR@8It had a
screwy typebox arrangement such that data from the comgigterot have to be
converted to Baudot code.

There was also a Model 35 KSR and an acoustic coupler modematidoeen
designed by a Berkeley student and beautifully made on tmpaa. We could
use it to connect to the Project Genie time sharing systemr&elsy.

The Social Sciences people had a statistical lab, contauanous mechanical
desk calculators and IBM punched card equipment. There wsasaadWathatron,
one of the early programmable electronic desk calculatbmsas about the size
of a desk, and had a Model 33 ASR in the middle. The users hatewnari-
ous statistical analysis programs, which were stored ingsi®f paper tape. At
one point they were about to buy a second Mathatron. Abouttiin@ Digital
Equipment Corp. came to us with a five-terminal timesharirggesy running on
a PDP-8 minicomputer. Dr. Huskey persuaded the Social Sesepeople to con-
tribute their Mathatron money and he put in some computetecenoney to buy
the DEC system. We would put two terminals in the statistiah| two in the
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computer center, and then there was the console terminath#d also be in
the computer center. We used four of the 33 KSRs in this senMibe machine
had a tiny disk; so we promised some sort of tape storage &sysrograms. By
this time we had hired Larry Laitinen, who had just got outhe Army and was
a friend of Bob Weitbrecht, as our technician. Larry desigaad built a 1200
baud modem, which we used with a cassette tape recorder sasiis could
record their programs and data. | don’t remember the dedaysnore, but there
was something to do with telephone repeating coils and alexrgircuit. This

might have had to do with switching the DEC terminal hardvse®veen 110 and
1200 baud. For some reason the computer didn’t store its ofiware on the
disk. Whenever the power went off, which was pretty often, ae to reload the
software from paper tape at the 33ASR console. This tooktalauhours.

A couple of years later we replaced the PDP-8 system with simeyua PDP-
11 and software called RSTS. This would serve something keeBninals. At
first we used DEC hardware to connect the terminals. This tbhode printed
circuit cards per line with only a current loop interface italzle. We converted
some to use RS-232 signals so we could attach video termnstésaid of Teletype
33s. We had bought some Hazeltine 2000 terminals, an eal®o\erminal that
used magnetic core memory. Later on | designed some multiepoamunication
interfaces to replace the DEC hardware, getting 8 ports erlayge wire-wrapped
circuit board. A problem with the DEC hardware had been feaqy drift in the
bit rate timers. With the new hardware we used a crystal ctwsatllator and
simply wired each UART to the clock rate we wanted it to have.

A student had designed a program to work out wire routing abwe could
use pre-cut and stripped wire with our wire wrapped boards.irput language,
used to get from schematic diagram to computer input, wasllext. His program
left much to be desired, taking far too much running time om slow 360/40
computer. | wrote a new set of programs, using his input lagguand doing
the process as a series of logical steps, that ran much.faaterbuilt quite a
bit of equpment of our own design using integrated circurtd aire-wrapped
connections.

One office on the campus had an IBM Magnetic Tape Selectriowyfez with
a communication port. This used some odd code and baud rdte vims even-
tually supported by RSTS. | was still thinking of word prodagson a computer,
using this machine as a terminal. The Hazeltine 2000 telsinare typical of
video terminals of the period. They offered a block mode, malv the operator
could fill in a form on the screen and then transmit the whoteest at once. This
was used in some transaction processing systems; but weohaserior it and ran
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the terminals in ordinary full duplex. It was several yeatet that Lear-Siegler
made their famous “dumb” terminal that did nothing but send geceive, letting
the computer do all the hard work.

We ran RS-232 signal levels for long distances, perhaps aleaipniles,
without modems or line drivers, at speeds of 2400 baud. | lalslb a multiple
current loop to RS-232 converter box to drive a bunch of Mo@sl&sing current
loop. This was simpler than putting an RS-232 converter iatthenachine, as it
needed only one power supply.

We had a couple of modems on the PDP-11, used by the locakjooilege
to dial in. Also | used a Model 35 and acoustic coupler modetrcsaold work on
things from my home, about 10 miles from the campus. Quitenofthen there
was a problem | could deal with it remotely and not have to neakpecial trip
to the campus. | had a dog, a malamute. Something about tes foom the
acoustic coupler got into her head and motivated her to™tglike loudly, which
made a mess of the data going to the computer.

There was the change from 1961 ASCII to 1968 ASCII. Some comjarte
guages used characters in '61 ASCII such as up arrow and teft.afhese char-
acters disappeared from '68 ASCIIl. We worked with Fred Mogkiwho by now
was in Sales at Teletype, on a type cylinder that would comme the changing
characters so that the meanings of '61 ASCII were not totaly. [IThe underscore
character was made rather wedge-shaped so it could als® aswrv left arrow. |
no longer remember the other changes.

Beginning while | was still in Phoenix | got involved in Air Fog Reserve
work, including a summer training assignment. | was asslgoehe rocket sled
track at Holloman AFB, New Mexico. When | got there they saidytdeln’t
have anything for me to do, and sent me over to the computéercdrhey didn’t
have much for me to do either; so | basically watched the diperand found out
what people did and wrote some recommendations, somewlzaiamnagement
consultant would do. There was a good group of people, soperiexced civil-
ians and some less experienced but quite sharp service rhercomputer was a
Control Data 3600, which by then was obsolescent. Workingersame building
were some German engineers who had been brought to New Malxing with
captured V-2 rockets at the end of WW-I1I and for some reasorstaaed on there.

Another summer | requested and got an assignment to the AaeFoom-
munications Computer Programming Center at Tinker AFB, OkiadnoThis is
where the programming for AUTODIN was done, as well as pnognang for
some other computer-based communication systems. Theeeseene Univac
494 (?) machines that | believe were used in a weather datahsmg system.
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They had a project for me to do. Honeywell had lent them a 3Xicomputer
with an attached magnetic tape drive, suggesting that thelg dind some use for
it as an AUTODIN terminal or something similar. The tape drield a few pro-
gramming utilities, such as an assembler; and there was & 88dASR for 1/O.
| obtained manuals for a couple of competing machines, Datee@l’s Nova and
Digital's PDP-11, and wrote some short pieces of progranalichree machines.
These program pieces did things | assumed would be usefudomanunications
application, things like moving a string of characters frone place in memory
to another possibly overlapping place, and translatinghfome code to another.
The PDP-11 turned out to be superior to the other machindsesetoperations,
requiring substantially fewer instruction executions tc@mplish a given task. |
got to visit the AUTODIN switching center. The original RCA cputers had
been replaced by more modern ones, also made by RCA. | belighgstiyme the
stations were using Univac 1004 machines with drum printefeer than Teletype
equipment for printing messages.

After that summer the Air Force had no further use for me asdrdirged me.

In the early days at UCSC there was an elaborate system fabdistg audio
lesson material, called Chester Dialog. Students at rentatierss could dial up
particular lesson material, which was then copied to ateeéel tape deck which
was under the student’s control. There was a lot of wiredcl@gid a Siemens
T-100 teleprinter for logging its operations. When this eystwas dismantled
a number of years lat&r| acquired the Siemens machine through the campus
surplus store. Itis one of the European-style Telex ASR sets

Dr. Huskey got funding from National Science Foundation twkwon a mini-
computer time sharing system with graphics. There was a aojnpamed Data
Disc producing a head-per-track disk that could store oh ¢r@ack enough dots
to make up a television image. The plan was to use such a distotte all the
bits for a video display. At the time this was about the cheapay to store that
many bits; semiconductor memory was just coming into usensaginot yet large
enough to store a whole screen of pixels. The disk store cupddate either in a
character mode, where it generated dot matrix charactersadit mapped mode
where it generated arbitrary bit patterns. We acquired &alaninicomputer for
the project. | sketched out, and Richard Cutts designed, a-tauttinal controller
for this machine. | still think it was rather clever. This waefore UARTs became
available. We used separate Teletype-size circuit cardspoit and output. The

56The replacement system was simply to make multiple copitspef cassettes for the students
to play on their own machines.
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main idea was that you could get an 8-bit shift register cbgpial-in, serial-out,
in a 14 pin package. So we used these things to send and reegiaksignals
in both directions; slowly to/from the terminals and fagtrmm the computer. A
board in the computer scanned the line cards looking for jputicard with a new
character or an output card ready for a new character. Wheantfone it would
interrupt the computer to have the situation handled.

The Varian minicomputer came with a Model 33 ASR as the candeVice.
This ASR had form feed. | had been told that Model 33 by desigr mever to
have had such an optional feature; | guess somebody poweafikd it.

We bought a G.E. Termi-Net 300 for use as a hardcopy termimaidper and
lower case ASCII. Later we bought a Teletype Inktronic KSRiersame purpose
at higher speed. We sent Larry Laitinen to Teletype maimteaachool to learn
how to maintain the beast. He had to modify the Inktronic,tagas designed
for a particular Bell modem that did 1200 baud in one direcéad 150 baud in
the other; we wanted to keep the baud speed the same in bethiairs. Later
we bought a Model 38, in search of a cheap up/low terminal. ébmdy gave us
some Univac character-serial printers. These were likeglesicolumn slice of
a drum printer, having a print wheel and a hammer that werkeguacross the
paper by a stepping motor. There was a logic board underndbtl with DTL
ICs that were all marked with Univac part numbers rather thamtanufacturer’s
numbers. When | had to work on these it was rarely much troubfegtire out
which commercial DTL chip was actually being used.

Eventually our project was stopped because of a federaldiwagnch. | think
we were all relieved, because the Data Disc machine wasgpiigra lot of trouble,
as were other aspects of the project. There was a period wheHWBkey was
in India for a year. He did return to the U.S. briefly to tesiifiythe Sperry vs.
Honeywell trial which resulted in Sperry’s patent on ENIA€ig invalidated. In
his absence the rest of us had carved out a much more amhiésign than we
probably ever could have implemented. We made a presemtatiour ideas at
the 1972 Fall Joint Computer Confererée.

One of Dr. Huskey’s creations was what he called a Polishnalslee. This
wasn't a particularly apt name for it; but it was an assembbgpam using sin-
gle characters as operators, and operands preceding the@pe Other assem
bler programs of the day were designed along the lines of thainframe card-
oriented counterparts; they had columns for labels andabgesrand operands and
comments, and mnemonic multi-character abbreviationsh@roperators. The

57“An Eclectic Information Processing System”, proc. FIC@74, Part |, p. 473.
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advantage of Polish assembler was the very compact nat#tiprogram written

in this notation would load much faster from a Model 33 papgetreader than
would a more conventional program; and of course printing e@respondingly
faster. A program written in Polish assembler looked likenpéete gibberish at
first glance, just a page packed with a seemingly random AS@Giiacters; but
once you learned to read it, it was quite clear.

Claude Kagan visited with us for a few days as he was attending som-
puter conference in the area. He insisted we could put a TRA&preter on
our minicomputer in a matter of days; and in fact he sat thereng code for a
day or two to get us started. We added some functions to iinget closer to a
complete implementation; but | don’t believe we ever refifiished it or got it to
do anything useful. | don’t remember now if what we implensehivas TRAC or
something that Claude called A String Language. The lattaracdéually TRAC
but with the names of the functions all changed. The reaspthfe was that
Calvin Mooers had tradmarked the name TRAC, so nobody could ®dRAC
interpreter without paying him a royalty and in return histiéging that what you
had was a genuine TRAC interpreter. Changing all the functaones resulted in
a language that was really TRAC, but presumably did not iné&itige trademark
and could have fewer or more functions than genuine TRAC gsssk Later on
Claude and his group of youngsters, R.E.S.1.S.T.0.R.S., peatlalanguage they
called SAM-76, which had all the features of TRAC and a lot more

Another visitor was Fred Brooks, now most famous as authoib&“Myth-
ical Man-Month”. At the time he was a professor of computeeisce in North
Carolina. Previously he had worked for IBM and was a principah#ect of Sys-
tem/360. It was hard to imagine that this soft-spoken psaewas the man who
sat across the desk from Thomas J. Watson, Jr. and told himwéee ready to
bet the company’s future on a new architectéire

At one point Computer Science got a new permanent home in a niégriy.
| was in charge of ordering lab equipment and arranging tlaeepl asked for
movable interior walls such as we had had at Teletype. Thetagtion people
turned this down, saying it was much too costly and they cbuit metal stud
and sheetrock walls anytime we wanted them for less moneighed later | had
been more persistent, or had got some powerful faculty mesnibdavor of the
movable walls. It turned out to take an act of the state lagisé to get money to
rearrange the interior of a building; and the process litetaok years.

58Fortune magazine, September and October 1966 issueshtetory of System/360 and the
various personalities involved.
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On the Computer Center side of the street, we eventually sadtflom RSTS
to Unix, and grew from one PDP-11 to about fourteen VAX maekin/ith Unix
we had to quit using Model 33s and our old CRT terminals, as Wdemands
up/low case capability. We bought CRT terminals from a vguraétvendors. The
first one from Teletype that we looked at had a rather bad kaaybdt was an elec-
tronic keyboard, not the horrid Model 37/38 thing, but kesisded to jam if they
were not hit right in the centers. There was a later Teletyjoete¢hat was a pretty
satisfactory terminal; but we didn’t buy any. By then thergeveo many manu-
facturers of video terminals that Teletype didn’t get arg/sm@ttention. On a visit
to Berkeley | saw one of the AT&T-style graphics terminals. IRelbs seemed
to be pushing the concept of a time-shared computer driviggaphics-capable
terminal, ignoring the more likely future of graphic comimgtworkstations.

We did buy a few Model 43s as hardcopy terminals. We also bioaighmber
of Model 40 printers, the OEM models with the not-exactly-BRE* interface. We
ran these at 2400 baud. The printer had a ready-for-nexactea signal. This
would have worked fine with a microcomputer that could statildhe printer was
ready to proceed. It didn’t work so well with the timesharsygtem; but | was
able to write a Unix driver that would send idle charactergmtie printer was not
ready. We ran the Model 40 printers for as long as we could g@ttenance on
them. However they were used less and less as laser printerBestScript came
into wide use. With all these printers the concept was to l@agengle printer
serving a room full of video terminals. The time sharing ssemply had the
computer direct their print jobs to the nearest printer. Beeahere were several
separate time-shared minicomputers | designed a prihtgescircuit that let the
computers compete for access to a printer and granted doaady one at a time.
Later there was networking software that allowed a singlamater to drive all
the printers and any other computer to send jobs through it.

The mainframe IBM-style computer had a big Xerox high-catydaser printer.
Time-sharing users could also send print jobs through thiggy. During this
same time period a number of offices on the campus acquiret wdra then
modern character printers: Diablo and Qume daisy wheels\N&@d Spinwrit-
ers. Soon after the introduction of daisy wheel printerstypewriter industry
switched to this technology. | bought a wheel typewriter @S that had a com-
puter printer interface built into it.

At one time we requested information from a number of compuéadors
about their offerings for large-capacity time sharing esys. We asked for some
of the things we were already getting from our PDP-11s: teainports at 2400
baud and automatic restart following power failures, amotiggrs. | got a call
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from a supposed data communications expert at IBM who coulthderstand
how we operated async terminals at 2400 baud - he seemed tertially blinded

by the modems available at the time, which were limited to0l28ud async and
2400 baud synchronous. Univac told us that each async paottiveost $11,000.
Most of the large computers required a card reader to gdedtap, even if we
didn’t plan to use any card input in normal operation. Mosthaf vendors could
not imagine automatic restart following power failure. Wecdled to stick with

multiple minicomputers, even though those were more difftouadminister than
a single large machine would have been.

As the number of computers grew and as the number of termgmeig into
the hundreds we acquired a port selector. This was esdgrdidime-division
circuit-switching exchange allowing users to say at thenieal which computer
they wished a connection to. At 1200 baud and below it simpin@ed the
signal several times per bit with no synchronism to the attara; so distortion
was high but tolerable. It did however cause havoc with sohwmipblonger RS-
232 connections. At 2400 baud and above it used UARTSs andlssdicharacters
in parallel.

Electrical storms are quite rare in Santa Cruz, so we didtetrofiave trouble
with the RS-232 connections run in underground cable. Ondhe occasions
when we did have an electrical storm it would sometimes dan$r232 drivers
and receivers. | remember going to several of the Hazelenaibals and re-
placing transistors blown by lightning. Several yearsrlatben we had lots of
connections and the port selector, a lightning storm cafiseglin the port selec-
tor. Lightning blew the RS-232 driver chips. The manufaatinad not provided
fuses on the 12-volt supplies, so the blown chips shortetipmand negative 12
volts together, causing the chips to burn and burning tleaitiboard underneath.
After that we tried to shut down the port selector wheneverdtwas likely to be a
lightning storm, and to ask the users to unplug their terfaidavas surprised that
lightning did so much damage to underground cables. Wedeldater that when
the cables were installed the shields had not been bondeth&rgand grounded,
so they provided no protection to the circuits inside.

During this period Digital Equipment decided to quit usingdél 33 ASR
sets and to build their own terminal-type printers. There wWae DECWriter I,
which was not around for long, and the DECWriter 1l made in laggantities.
These were all dot-matrix machines. Starting with a 30 clearfloor model they
went to a 120 char/sec model, and also a typewriter-like dest#iel. These ma-
chines lacked paper tape capability; but by then most cust®mere buying some
faster kind of I/O medium anyway. Data General may have alsdana hardcopy
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terminal of their own, following the lead of Digital.

After building up to hundreds of mostly CRT terminals and exgiag the port
selector to a large size we started switching to microcoerswind Ethernet. By
the time | retired we had got rid of the port selector and ojgerthe modems and
a few RS-232 terminals using Ethernet terminal servers. efbeemed to be no
limit to the demand for modems. Students and faculty havegoed computers
at home, but they want to send and receive e-mail throughahmpuas server and
do other things that require connection to the campus n&twie got into a rela-
tionship with Metricom, an early maker of wireless networadems and provider
of Internet service through their network. Then we got aiserin which Pacific
Bell provided modems and connected to our network. Studextddipay a fee
for using these instead of the free ones we continued to geo\dut they could
usually get connected via Pac Bell when all of our modems wesg, lvhich was
most of the time. The nature of using modems has shifted dveyears, from
terminals to microcomputers emulating terminals to mioroputers running In-
ternet TCP/IP protocols. This of course correlates with tleedasing speeds of
modems. It would be practically unthinkable to run InterRedtocol over a 300
baud connection; but at 14 K baud or higher it becomes quésomable.

There was a communication satellite out over the PacificivNBSA had quit
using and made available to Pacific Rim nations for educdtun@oses. UCSC
had one of the terminals. | was asked to advise how they mighsinit Teletype
signals using this satellite. | recommended basic amaéelio technology, using
audio tones into the voice channel. Some other people infgkeation felt they
should be using Model 33 equipment and ASCII; maybe they whitutde able
to exchange computer programs. | was inclined to suggegtidlod for Baudot
equipment. There must have been a lot of it scattered ovd?dbiic after World
War Il and Korea; and | had a hard time imagining how Model 38l get
the maintenance they needed out in the Pacific island natibdsn’t know if
anything was ever done one way or another.

During my early years at Santa Cruz there came to be more M@&det|@ip-
ment in the hands of radio amateurs. | suppose this resufved donversion of
TWX from Baudot to ASCII and from similar conversions in othdetgpewriter
services. There was a project among some of us to optimizedeM8 printer
for amateur radio. Amateur radioteletype is characterizg@ frequently high
error rate; the emphasis is on carrying on a conversatidnastiend, or contact-
ing a rare station in some distant part of the world, rathantbn getting perfect
copy. One part of the optimization was to install the autoo@drriage return and
line feed set of parts, so that a missed carriage return waatldesult in a black
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square at the right margin of the paper. Then we had the garrigturn actuate
the line feed function, to prevent a missed line feed fromssayan overstruck
line. There was at the time some problem with pranksters wingddvstart up an
unattended printer and send it nothing but line feeds, soaththe paper supply
was unrolled. This was foiled by making linefeed a once-dahction.

In those years TTL integrated circuits dropped steeply inepr| was able
to build a speed converter out of TTL, and then a re-creaticine compatible
synchronous transmitter | had experimented with in PhoeAmxother ham was
going to build a receiver to take advantage of the synchresa@nals. | don'’t re-
member that he ever completed it, but he told me recentlyniaiad done so and
was able to lock to the bit and character rates. Independehabeffort, some
other types of frequency shift converters benefited fronpgirhaving transitions
going on all the time, rather than sometimes long pausesdagtWwand-sent char-
acters. The concept became known as “diddle” and was buiti many of the
later generation all-electronic radioteletype terminals

Amateur radioteletype and other digital amateur modesfsshave changed
greatly along with the changes in commercial communicaggoipment and
techniques. An early design was an integrated circuit speaderter and first-in,
first-out buffer. This allowed one to run the teleprinter 80 lwpm while trans-
mitting and receiving 60 wpm. The FCC rules were relaxed mmnafipeeds up to
100 wpm and ASCII in addition to 60 wpm Baudot. There was vetleliise of
these expanded privileges in practice. At 100 wpm the sigokes are shorter
than at 60; and using ASCII they are shorter yet. Shorter putaply wider re-
ceiver bandwidth, and hence poorer signal to noise ratiort€hpulses are also
more adversely affected by multipath radio propagationcivis often a problem
even at 60 wpm. So 60 wpm Baudot continues in use to this dagetpractical
exclusion of higher speed Baudot or ASCII.

A few Baudot-only or Baudot plus ASCII video terminals were proed. The
small demand made for small production and high prices. Wircoming of mi-
croprocessors there came to be a new class of amateur pdducbnnection to
an ordinary ASCII terminal. These provided for several maafasperation such
as Baudot, ASCII, packet, and AMTOR. AMTOR is an ARQ system for-ama
teur use, similar to SITOR used in the marine services. tistrats short blocks
of characters in a four-out-of-seven code and then listenarf acknowledgment
character before proceeding. Packet operation uses aptaimilar to the X.25
standard, or the Internet Protocol. These microcomputadlymts are relatively
inexpensive as most of the program is stored in read-only angiand there are
Nno moving parts.
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With the coming of personal computers (and even prior to Bid personal
computer) there came to be software to run on these maclonesrateur radio
use. Some programs simply provide a Baudot terminal, perwithsextra fea-
tures such as selective calling and the ability to send chnmessages and store
sent and received text on disk. Other programs are a repttedior the ASCII
terminal in connection with one of the specialized micropoter boxes. These
provide an easier to use operator display and add featuchsasumessages stor-
age and log keeping.

There also came to be boards designed to plug in to populsoparcomput-
ers. Some of these perform functions similar to the standeamicroprocessor
boxes at reduced cost by using the computer for power supplya storing the
software. Others are digital signal processing engines €ass of these does
FSK demodulation for Baudot, ASCIlI, AMTOR, and Pactor (a prot@imilar to
AMTOR) as well as a more complex modem for Clover, a four-toneluhation
scheme that adapts to changing channel conditions.

The latest development came with the arrival of the 486 aad the Pentium
processors. These processors are fast enough to do digital processing right
in the computer itself. The widely-used computer soundsprdvide the analog-
to-digital and digital-to-analog conversion. Thus the RG hecome a modem and
user interface all in one, requiring only a connection todiaaet to become a
communication terminal. The currently available mode$uide

e Baudot, at many different speeds and frequency shifts

e Phase shift keying at 31 baud, translating the ASCII charaetanto some-
thing like Huffman code so the more frequently used charaatequire
fewer bits to transmit. Also phase shift keying at higheesat

e Hellschreiber, using on/off, frequency shift, or phasét$aying. Thisis an
electronic simulation of the 1930s-era teleprinter systeranted by Rudolf
Hell (and duplicated by Teletype with the Model 17).

e Multi-tone frequency shift keying, using 4-32 tones andragpnately one
tone per character transmitted. This allows the signalgsute be much
longer than in regular Baudot, and hence has great immunityuitipath
distortion.

e A very robust modulation scheme involving 63 simultaneoasiers and
elaborate forward error correction
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e An automatic link establishment system compatible to sorteng¢ with
those used by the military and civil government agencieseséhsystems
hop around among several frequency bands, sending testparid choos-
ing the best frequency for traffic.

In addition to these a ham has developed a digital FSK modainattcom-
plishes compatible synchronous transmission and recepfiBaudot. Although
the improvement over asynchronous DSP Baudot is slightkies me that now
somebody has accomplished rather easily the thing | wantdd 50 many years
ago when it was so hard to accomplish. At my request he addéehaead-up
Baudot signal output to the RS-232 port so | can drive a mechht@leprinter.

A few years ago | was promoting an amateur radio annual e¥@&nten Key
Night.” This took place on February 20, the anniversary & finst FSK con-
tacts on amateur radio on the HF bands in 85®n that day amateurs were
encouraged to get on the air using mechanical teleprirtérey can, using wide
(850-Hz) shift if they can, using vacuum tube radio equiptiktiey can, but in
any case to remember the pioneers and wallow in nostalgidhavel fun. AFter
a few years with hardly any participation | gave up on it. Endoes seem to be
a small resurgence of interest in operating mechanicgtiekers. One still sees
advertisements, “Model 19 going to the dump, unless somiaies it”, but there
are starting to be advertisements offering homes for thenaichines?

| retired from the University early in 1998 and moved back tha¥sas.

5%Prior to that date audio tone FSK was permitted and used oVHfe bands. FSK was
permitted only on the former 11-meter band. There was somi@tedetype operation on HF
using make-and-break keying. Amateurs petitioned the FE@drmission to use FSK on the HF
bands. FSK was the norm already for commercial and governhiemadioteletype. After about
two years of rumination the FCC announced that amateurslamd FSK on the HF bands, with
certain restrictions, starting Feb. 20, 1953.

80An interesting topic for a future paper is that Frequencift3teying seems to have been
invented by an engineer at Teletype, Lawrence Schmitt. Exgatal radioteletype work was
done by Morkrum in the 1920s.
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VII. Some afterthoughts

| do not blame Teletype management for the demise of the compdany
other old and well-managed companies have fallen by theidaysrecent years;
and even mighty IBM has seen some very painful times. As a giaogiof a sub-
sidiary of a drastically restructured AT&T, Teletype coulave had the plug pulled
at any time by one of the parent companies in spite of whatits management
could do. After the Bell System breakup AT&T seems to have hatl@f trouble
deciding what business it wanted to be in, and the same caaithdos Lucent,
the former Western Electric.

It seems to me that the downfall of Teletype resulted fromralmoation of
several factors.

e Unprecedented progress in microelectronics caused pelstgtore of knowl-
edge and its manufacturing capability to depreciate to maevaractically
overnight. New companies sprang up like weeds as it becasslpe to
create a variety of new products just by putting togethetspasught from
the semiconductor makers.

e Teletype’s great factory may have bred a certain weaknelssnwou can
make anything at all you may make too many different thingsonsider
the number of part numbers dedicated to screws and sprimgsstance.)

¢ A whole series of changes, some technological and somecabland le-
gal, rocked the familiar business environment. This beggim Bataphone
and the use of the switched voice network for data transomssit con-
tinued through the CarterFone decision, the Bell System byreand fur-
ther deregulation of the communications industry. Theohistscarcity of
telecommunication bandwidth gave way to a glut as compdtng dis-
tance carriers entered the field and as optical fibers regplegpper cable
and microwaves. Western Union, which had seemed in the &869s to
have a rosy future, totally collapsed. Microcomputersdérgeplaced sim-
pler equipment used as communication terminals.

e A lack of competition for so many years led to a certain amairstodgi-
ness and complacency, and retarded development of a ndxikeir corpo-
rate culture.
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e The 1956 consent decree seems to have marginalized BellnSysteic-
ipation in the world of business data communication, as camaation
became subsidiary to data processing.

¢ Increased participation in the market by foreign comparaesl increased
use of offshore production by domestic firms were probalityois as well.

| have learned that Teletype developed a remarkable cdtyabHhouse to
produce large-scale integrated circiiitsSuch a capability gives a company an
advantage over competitors who have to work with off-thelsparts; yet it is
tremendously costly to maintain and perhaps was not in thegpeoy’s strategic
best interest.

| like to use the demolition of the Touhy Avenue complex asd@placement
by a shopping center as a metaphor for what is happening tcauiety as a
whole: Where once we made things, now we buy things that ottaas made.

In 1960 the U.S. teleprinter business belonged to Teletyf@nschmidt, and
Teleprinter Corp. (MITE), the latter two doing business rosfith the military.
Western Union had occasionally dabbled with making its oeleprinters and
paper tape equpment, and had imported a few European tekssrio get Telex
service started. The telephone companies’ doctrine of tmeign attachments”
was firmly in place. Communication switching, both voice agldprinter, was al-
most entirely electromechanical. Teleprinter switchipgtems used lots of paper
tape for intermediate storage. ASCII was still on the horiZBWWX was still man-
ual and Baudot; Telex was just getting started in major UtisciWestern Union
seemed to have a bright future. Computers were well estalishthe business
world, but there were very few instances of teleprintersdéaminals of any kind)
connected to remote computers. Information transmissias wa voice-grade
lines or telegraph-grade lines limited to about 75 bits peosd. There was still
a lot of open-wire line in the telephone toll plant.

Although Teletype equipment had improved tremendously twe previous
50 years, in another sense the technology had not changkdrybaucts contin-
ued to be intricate mechanical assemblies of parts maddynwwspunch presses
and screw machines. The world was about to turn upside down.

Just when it appeared that telegraphy was on the brink otp stecline along
came on-line computing to create a new need for it. Computtesys needed the

61Book, "Teletype, We Made That Data Move!” by Herbert A. Wagge
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kind of input that keyboards could produce and produced ihe &f output that
teleprinters could easily display. Whether the terminalkdmputer wiring was lo-
cal or telegraphic or derived via modems from telephoneugsavas immaterial.
The boundary between communication and data processinghwiad seemed
so firm and clear at the time of the 1956 consent decree, begdisdppear in
the manner of the Cheshire Cat. Electronics came to be theigmlnmderlying

technology of both, and began to progress at a rate nevercefen.

The voice telephone network approached ever closer to itarmatate in
which all calls are customer-diallable. Transistors magessible to offer customer-
premises modems and autodialers for use on the voice netwbwk Dataphone
offerings dramatically modified the doctrine of no foreigtaahments. Later the
Carterfone decision blew it completely away. Customers wetb obtain their
data terminal equipment on the open market. It became pgegsibmplement
business data systems using the switched voice networkiobRsty these would
have had to use private line service at much greater cost.uBedhe switched
voice network allowed considerably higher bit rates thanewmssible with tele-
graph circuits, customers had an incentive to want higledgkata equipment in
preference to slow teleprinters. The Bell System breakupgl@demise of West-
ern Union meant that nationwide business firms no longer reidghe company
to deal with for communication facilities. The mere facttthi#e voice switched
network kept on working was another reason to use it for lmssimlata communi-
cation.

Cheap fast transistors led to a generation of computer ecunptinat was cost-
effective in replacing electromechanical communicatiatching systems. For
message switching purposes computers also had the adeaitaging adaptable
to customer protocols rather than requiring customers aépiaithemselves to the
protocols wired into the switching systems. Computer sviitghn fact arrived
just in time to cope with network complexities that were picadly beyond the
capabilities of electromechanical systems. Computer tolgy further offered
higher reliability and lower maintenance as compared wighelectromechanical
equipment it replaced. Computers used solely for messadetsmg had a short
market life as the business world moved on to systems irtiagreommunication
and computer applications.

Following cheap fast transistors came even cheaper aref fagtgrated cir-
cuits, and then microprocessors. Products based on tetnmeachanisms became
obsolete practically overnight. The aggregate motionkstioker was Teletype’s
last successful product of the old kind; and it had an unlgshbrt product life.
Integrated circuits lowered the barriers to entry into tiduistry. Video data ter-

100



minals could be home built by hobbyists. Companies produinginals popped
up like mushrooms. Mechanical simplicity was bought at thegpof electronic

complexity. That complexity ultimately came down to a matié program in-

structions, not trivial to produce but not requiring anyrsigant investment in
factory machinery. Over and above what it could do offline plersonal com-
puter became the ultimate communication terminal, progmabie to meet any
imaginable customization.

Printers, magnetic card readers, and other special deb@smme computer
peripherals. Printer technology went through dot matriet daisywheels to laser
and an ink-jet technology having nothing in common with tokic. Powerful
electronics made facsimile at long last a cheap and praatieans of record com-
munication. The new cheapness allowed fax to enter mathkatsid been closed
to TWX and Telex. Personal computers can also function as &ehimes and can
generate fax images from computer text. The packet-swdtotternet became an
alternative to modem communication over the voice switchetvork. As the
Internet spread from a few research sites to the whole watdgmal computers
became communication devices in other ways; first eleatnmaill and news, then
pictorial, voice, music, and motion picture communicationthe general public.
Fiber optic technology turned the scarcity of bandwidtlo iatglut.

Electronics has always been an unusually flexible techiyoldgything from
a radio to a computer to a metronome to an aircraft contraesysould be built
up out of more or less off-the-shelf parts put together inagany convenient
physical arrangement. Unlike mechanical technology thke®rarely a need for
a lot of custom-made parts fitted together precisely in a ramgquiring great
ingenuity to desigi¥? The electronics of 1946 was not so different from the elec-
tronics of 1936 except for microwaves and miniaturizatidrne electronics of
1956 was not so much different either, except that we weriypsare transistors
were going to be important sometime soon. Even by 1966 it \aed to imagine
that parts produced in semiconductor furnaces could evapete with those pro-
duced on punch presses. How could we then have imagined kelOdlectronic
keyboard selling at retail for ten dollars?

It's hard for me to imagine what Teletype might be today ifadhsurvived. A
maker of printers, competing with Hewlett-Packard, Ep$tamon, and Lexmark?
Enlarge that group to include the makers of office copiersgsestoday’s models

52This point is well illustrated by Teletype’s first electromnultiplex, manufactured by an out-
side contractor without drawing upon Teletype’s great kieolge bases of mechanisms and met-
alworking.
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seem to be based on scanning and electronic printing, retherdirect copying.
A maker of personal computers, competing with Hewlett-RadkDell, Apple,
and a few others? A maker of handheld terminals with manylules, com-
peting with Apple, RIM, Nokia, Motorola, and others? A maképoint-of-sale
equipment and other non-consumer goods? Perhaps a makecailgzed equip-
ment completely out of the public eye; or perhaps a maker wietbing totally
unrelated to its former products, as with the GPS navigatmmpany currently
using the Teletype name.

J.H. 24 September 2010
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