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MAPSTONE: 
 
The date is June 25, 1973, and this is Bobbi Mapstone talking with Bill Farrand and Bill 
Downey at North American in Anaheim.  This is an interview for the Smithsonian 
Computer History Project. Let's get going with the events that led up to North American 
getting into the computer business, the government contracts that were in-house and such 
things.  
 
FARRAND:  
 
Surely.  We had a major on-going contract with respect to a very large missile called 
Navajo, later called Navajo.  The problem of guidance was one for which we had an 
excellent inertial platform capability, both mathematical and the physical parts.  The 
Never-Go, as it later became known, was a machine problem and we had a large contract 
to do work.  We had the IMUS, the inertial measuring unit technology, better in hand 
than anyone, so we had a leg up. We had the mathematical analysis of guidance systems 
using inertial navigation in real good shape; onboard computers did half a dozen jobs, not 
just one.  One was directing a telescope approximately at the stars, and there was a very 
special scheme for doing this.  We had that in mind as the way to go, but we later reduced 
it to just being a tape follower; in other words, we made a position program with a little 
bit of correction for where you are.  This position program, in effect, floated the sky by 
you as the earth turned, and you changed that as your position went along.  This had to 
select a pair of the best magnitude stars for guidance.  Our original thinking was to use 
the computer, but it ended up being a tape controlled unit.  It still had a computer in it for 
your own position. By the way, during all of this time we had analog computers and we 
were doing analog computing work to do the very same jobs.  We were trying to get into 
digital computers and were looking around at this time.  Northrop had their DDA, 22-A, I 
think it was at that time.  
 
DOWNEY: 
 
MADDIDA.  
 
FARRAND: 
 
MADDIDA is the generic name, and at that same time CRC, as it was called then--later it 
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became NCR and later became defunct--built another thing which we called the CROC.  
We had a contract out to buy some-thing--and I know about this not because I was here,  
but because I was on the outside and I bid on this contract--and I was going to build a 
DDA that was better than either one of those two, but they allowed as how they couldn't 
go the upstairs-above-a-vacant-lot route.  
 
MAPSTONE: 
 
Were you on your own at that time?  
 
FARRAND: 
 
Yes.  In fact Ben Ambrosio and I were a company at that moment, trying to build this 
machine.  
 
MAPSTONE: 
 
What had been your background in the years up until that point?  
 
FARRAND: 
 
Well, all kinds of doodling around.  Ben had been at IBM and built the Chinese 
typewriter for them, which is a rather cute thing.  We'd both been at SEAC and SWAC, 
not greatly at SEAC but a lot at SWAC.  I had built instrumentation since 1938 in this 
business, and I actually designed for Beckman instruments, of all silly things, a hand 
calculator like we're now making, on the basis that technicians were going to pot.  We 
had one completely designed when World War II came along.  That loused that up in 
good shape for getting any parts or doing anything.  We both knew a lot about circuits, a 
lot about math, and a lot about the organizations, so we were able to turn out a viable 
proposal about what could be done.  
 
MAPSTONE: 
 
Had you built one before then?  
 
FARRAND: 
 
No, we hadn't built any.  We had both built things, but neither of us had ever been in a 
small company building a total machine.  
 
MAPSTONE: 
 
Did you ever build one on your own?  
 
FARRAND: 
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Not on my own, but I've built them here.  Well, it's according to what you call a machine.  
Yes, I built a Geiger counter integrator interpolator, which is a machine, if you will, but it 
isn't much.  It's just a rate multiplier. Anyway, North American had a desire to do this, 
and set up this bid, and we finally ended up buying a CRC machine, and letting a contract 
for the MADDIDA.  It turned out we dropped the contract for the MADDIDA and then 
picked it up again, so the CRC machine was actually delivered earlier.  You were talking 
about humorous incidents.  I think a most humorous one occurred to a guy who's still 
around, a character who went back to MIT several times.  He was the logical designer on 
the CRC.  
 
MAPSTONE: 
 
Irv Reed? 
 
FARRAND: 
 
Irv Reed, that's it.  Irv was at CRC and he was doing the logical design on that machine.  
We had been pestering him, because it was part of the contract, to deliver the logical 
design.  Finally, after saying a dozen times, "You wouldn't understand it if I gave it to 
you, so what good is it going to be to you? "  He handed it over to us about nine o'clock 
in the morning.  He gave four of us one idiot pad, you know, a large sheet, full of logical 
equations.  He said, "This is how the machine works."  We said, "Fine," and we left him 
and came back here. Before noon, Roger Stafford had called him back and said, "There 
are three errors in your logic and your servo won't work."  [laughter]  They not only 
didn't believe it, they didn't believe he could understand it at that rate.  They came over 
here that afternoon, nicely in the face of a challenge like that, and at that point they 
finally were convinced that we did understand their logic, that it wasn't that hard to 
understand, and that there were other people in the world who were able to read it.  
Finally, before they left, they were convinced that, by golly, the servo wouldn't work; that 
there was an error in it.  They said, "Don't give us your notion about how to fix it, we're 
the greatest, we'll go back and fix it."  So they went back. About two days passed--it 
might have been a weekend, I don't recall now, but anyway--a couple of days passed and 
they came back to us in a big meeting which was officially called, and they allowed as it 
was impossible to make a servo work in one of these things since they couldn't figure it 
out.  That's when we said, "Well, we know how!"  (laughter)  "Want us to show you?" 
They said, "No, you can't do it." We said, "Well, we'd be glad to show you, but you told 
us not to show you.  Now do you want to see?" They said, "We'll go back and study it 
some more." "They went back and when they returned to North American they finally 
said, "It won't work.  Can't be done."  Finally, we showed them how it was done.  We 
didn't show them any good ways; we showed them the way the Northrop boys who they'd 
broken off with had been doing it.  That was Eric Weiss' method of making the servo 
work, and it was just a matter of making old pulses and new pulses combine right so that 
they didn't get into a race condition.  There are better ways of making a servo work.  
They saw that and they went off with their tail between their legs, and did the job. When 
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we finally got that machine, we ran it through some tests and it worked pretty well.  Not 
too bad at all for the way it was built, because it was an obnoxious mess the way the 
diodes were put in.  They had a big card in the center with all the diodes in it.  Horrible.  
You couldn't keep them up.  Who hung all the nixie tubes and switches and stuff on that?  
You did?  
 
DOWNEY: 
 
Yes, I think I cut my teeth on that, and also my first ulcer.  
 
FARRAND: 
 
[laughter]  The case here, Bill will tell you the details, was that we didn't believe in 
building a machine that's competent and just letting it hang.  We believed it was 
absolutely necessary to be able to check out in rather minute detail how the devices 
worked, so we had to be able to one-step the computer. We therefore built switches and 
neon lights on every flip-flop in the computer, and you could set or reset by hand, the 
clock off, with every flip-flop to any condition.  You could set up the whole set of 
conditions, and then one-step the clock.  
 
MAPSTONE: 
 
How many flip-flops were there?  
 
DOWNEY: 
 
Maybe a hundred.  
 
FARRAND: 
 
120, or something like that.  
 
DOWNEY: 
 
The discovery of that technique was, I guess, serendipity.  They'd been trouble shooting 
the machine for almost a week and couldn't find what was wrong, because they couldn't 
see the states of the flip-flops except by a scope probe.  Dick Tanaka was standing there 
one day leaning on a tube and it was cold, and that was the bad flip-flop.  We decided 
we'd better be able to see visually the state of every flip-flop. If you look at a photo of 
NADAN you can see we built that into the machines.  You can actually see those buttons.  
There are two lights and two button that set and reset the flip-flops; one set on one side, 
one set for the other side. Since we're looking at this picture of NADAN, there's an 
interesting point in packaging which had never been done before and everybody 
disagreed with vehemently except us.  The diodes are out here [on the outside] in 
packages, and the reason was we did not trust the hermetic sealing of the diodes that were 
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available, so we potted them a little further even though we really believed in potting 
engineers instead of components.  
 
DOWNEY: 
 
We learned this from CRC.  They used Cemtron [?]  diodes, which were potted with 
beeswax, or something like that, in the end to seal them, and they didn't work.  
 
MAPSTONE: 
 
By potting, do you mean sealing?  
 
DOWNEY: 
 
Hermetically sealed, yes.  
 
MAPSTONE: 
 
Okay.  
 
DOWNEY: 
 
These, I think, were mainly Raytheon diodes in steel cases, but they still didn't have good 
hermetic seals.  We potted them up in groups in little epoxy plug-in units. That way we 
could get at the diodes from the outside surface.  They're the parts that need to be the 
coolest, so we put them on the outside.  The parts that needed to be the hottest were the 
vacuum tubes, so they were on the inside in tubes in a water-cooled rack. It was quite a 
machine from that standpoint.  In the two end reaches there is the wire way where all the 
wires go down in tight bundles, which was sort of different in that day because the 
standard way of building was a semi-cylinder with straight ling [?] wires going 
everywhere.  
 
DOWNEY: 
 
In these days we could do things a little more un-officially than we do now.  
 
MAPSTONE: 
 
Yes!  
 
DOWNEY: 
 
The flow switch in here was a GE garbage disposal switch.  
 
MAPSTONE: 
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[laughter]  That's good!  Let's get back to the earlier models.  
 
FARRAND: 
 
Yes.  We let these contracts, got the machines in and modified them.  It was a year later 
after getting the CROC in that we got our MADDIDA.  The CROC was all fixed up with 
these set reset switches and neon tubes to tell the state of the flip-flops, and a capability 
of one cycling.  Did it have that capability when we got it?  I think it did.  
 
DOWNEY: 
 
Maybe; I don't know.  
 
FARRAND: 
 
I think it was useless but it was there.  Anyway, we added these things in this manner.  
Then we decided that we had to build a machine.  We got the crew together and we had 
work going on in various forms of flip-flops, in various forms of memories, in various 
forms of gating, and at this time we decided to logically design and generate the 
NADAN, the first of these machines.  At this same point in time w e decided to run the 
telescope pointing all on direct position servo from tape, tape control position set-up.  
That was partly clockwork driven and partly position-on-earth driven.  We had the tapes 
built by Telecomputing Corporation.  
 
MAPSTONE: 
 
Are you talking now of paper tape or mag tape?  
 
FARRAND: 
 
This was punched paper tape.  It was eight channels, however, which for that day was a 
little different.  Because of the cost and difficulty of the modified IBM units that 
Telecomputing was using to generate the tape, we decided to build the NATPAC, North 
American Tape Preparation Computer, right on top of the NADAN.  NATPAC was used 
in-house to build those same tapes. That construction of the computer went along many 
lines, and that was the very first utilization of a disk, in spite of the fact that--who's the 
character that started ALWAC?  
 
MAPSTONE: 
 
Glenn Hagen.  
 
FARRAND: 
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Yes, Glenn claims to have built the first air-bearing head or something similar.  He got 
the idea from me, I guarantee, because I had a conversation with him three weeks before 
he announced it, and he didn't have the foggiest idea of what an air-bearing was or how it 
worked.  We already had them in work at the plant by that time.  
 
MAPSTONE: 
 
Do you hold patents on that?  
 
FARRAND: 
 
Les Kilpatrick, John Leakus and I hold the patent on the first air-bearing disk memory.  
 
MAPSTONE: 
 
And this went in the NADAN?  
 
FARRAND: 
 
Yes.  
 
DOWNEY: 
 
Yes.  There's a photograph of the NADAN disk memory showing water lines and 
everything.  There's a solenoid coil, and a motor here that runs it around.  The leads go to 
a water jacket that’s on the bottom, and a pan to support the gystic [?] cavity to hold the 
disk, and a head plate here.  
 
FARRAND: 
 
Even from day one, well, not day one, because the first thing Leakus built did not use the 
magnetic recording surface as the air-bearing, but it used an internal pad.  The second one 
we built, however, which I did, was the first use of what's now absolutely standard in the 
industry, and that is running an air-bearing on the soft surface of the magnetic recording.   
 
MAPSTONE: 
 
By air-bearing, what is the air-bearing aspect?   
 
FARRAND: 
 
What is common today is that you take a head and you build a pad such that you get a 
hydrodynamic air-bearing, which then floats the head with respect to the surface of the 
disk rotating around.  We did not do that.  We built an air-bearing up and put the heads in 
rigidly in that system.  This air-bearing then has a disk float with respect to it.  In this 
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manner, we can get very, very low gaps.  The gap in this unit that you're looking at here 
was estimated at 100 micro-inches.  The gap in this one is about 250.  In these early days, 
when this was built, a seventy-eight bit per linear inch was the standard in the industry, 
and that was built at 280, if I recall.  That was pretty high, especially since we were 
trying to build short loops. These computers--NADAN, NATDAN, NATPAC, 
VERDAN--all had one characteristic in common that you won't find in very many other 
computers around.  That is, we put as much of the computing capability in the memory as 
possible.  We did this by recirculation loops, and clever use of these re-circulating loops.  
It wasn't as bad as ANYUK-7 [?], which took 2 1/2 years to make a program [laughter], 
because they slid their loops, too, but they did it in a manner which wasn't like ours.  
Anyway, we had to have our heads real close together, one writing and one reading, but 
not reading what it was writing but reading what it had written in  bits before.  That's the 
reason we came to this specific head form, this specific recording mechanism and so on.  
 
DOWNEY: 
 
When I first came to the company, Leakus  was making the heads out of a sheet of 
brilliant copper with a punched-out thing which folded up like with a coil wrapped 
around it.  John was worried about the voltage which was so high it was going to break 
down the insulation.  Obviously it didn't work, because we were somewhere in the order 
of tens of millivolts out of the use of the practical heads.  
 
FARRAND: 
 
Practical heads gave a hundred millivolts if they were built right peak to peak, and twenty 
millivolts if they were built nominal.  We threw away the ones that were built right, 
because that wasn't the kind we could get that often.  We had some cross talk problems 
and some shielding problems.  As far as I know, for many, many years we were the only 
ones using open recording. It was originally formed on Telefunken experiments with 
magnetic wire, it was then brought out by GE and someone else on recording for disks 
and drums and such, and it was abandoned by everyone, because it was found to have too 
much cross talk.  We use it because it had less cross talk.  
 
DOWNEY: 
 
This was a vertical recording.  
 
FARRAND: 
 
Versus transverse.  
 
DOWNEY: 
 
Versus transverse, like you see on the tape recorders today.  
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FARRAND: 
 
Your tape recorder has a magnet that is putting a north and a south in a form along the 
tape.  Our device recorded straight down into the material.  
 
MAPSTONE: 
 
Oh, I see.  
 
DOWNEY:  
 
It went through the material and back out.  
 
FARRAND: 
 
There was a piece of phony logic out in a couple of papers which said you could get 
twice the density in vertical recording that you could get in horizontal recording, but that 
isn't so.  Out of n, I get n+1, so I don't get twice as much.  Its value was not for high 
density, though we got high density for another reason, because we were looking at 
things differently.  Its value was that there was very little cross talk.  The head au natural 
can be built well-shielded.  Some of our later devices actually got down around five and 
six bits of length, but I think something like twenty bits is the shortest that we ever built 
in production. For awhile, the heads couldn't do both writing and reading on drums.  It 
was a time in our history when you had to do all reading or all writing.  You had to have 
quiescent time for in-between.  
 
DOWNEY:  
 
When you talk about a hundred micro-inch gap, on the CROC--the CRC 101 was the 
official name of it--I don't smoke, but we used cigarette paper cellophane, which is about 
a mil thick, poked that down between the drum and the heads, we'd adjust the heads, and 
when there was no gap, we would pull the paper out.  
 
FARRAND: 
 
This was something we could manufacture, though not easily.  Today, for instance--I 
can't tell you the time because it's on classified equipment--we had MTBS demonstrated 
in the field that are so phenomenal you won't believe it.  Everything that's mechanical has 
to have a wear-out failure mode which is above ten years.  
 
DOWNEY: 
 
This type of memory has evolved into the Minuteman system to the point where I think 
it's fair to say we have the world's most reliable memory of any kind.  
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FARRAND: 
 
And it is a mechanical device.  
 
MAPSTONE: 
 
And it really dates back to this one built into the NADAN.   
 
FARRAND: 
 
From this one, it's straight through.  It's a direct evolution.  
 
DOWNEY: 
 
Well, yes.  
 
FARRAND: 
 
There was no outstanding development at any point.  It was a direct evolution.  
 
DOWNEY: 
 
Twenty years of evolution.  
 
FARRAND: 
 
No, only about five; we haven't built anything new since.  [laughter]  
 
FARRAND: 
 
Okay, we started building that machine, which was the NADAN.  
 
DOWNEY: 
 
NADAN means North American Differential Analyzer.  In those days everything had NA 
for North American.  
 
MAPSTONE: 
 
Approximately when did you start work on NADAN?  
 
FARRAND: 
 
We really started in earnest about 1949.  Several things came out of that that were unique 
in the industry.  Number one, we had an idea about input admittance to our lines, which 
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demanded that it be high in admittance, low impedance, so that we could bundle our 
wires and not worry about cross talk. We had a concept which grew our of a dozen 
arguments amongst people over lunch that gave us a form of logic which is still about as 
efficient as anything that's ever been seen.  We ran all our logic power in the clock, and 
consequently in a day when about 220 kilowatt was being used on logic in machines in 
the world, we had under 2 1/2 watts in our total logic system.  The reason was, we let all 
the quiescence, all the flip-flops, charge up everything for a long time, and then we hit 
them, sharp, with one clock.  All the pull-up resistors that they were using in gating at 
that time were tied back to clock, so the clock only drove.  In this manner, we had logic 
which was both easy to check out, had a very wide window margin, and did very well.  
Also, we had the most complicated flip-flop of the day.  Everybody's flip-flop was a 
two-halves-of-a-vacuum-tube flip-flop--pardon the expression--and ours was a 
four-halves-of-a-vacuum-tube flip-flop.  
 
MAPSTONE: 
 
What did that give you?  
 
FARRAND: 
 
The big thing that we used it for, and the reason we went for it, was this low input 
impedance.  What it really gained us later when we finally translated that into transistors 
and such, was an easy way of making the transistors not slide back so that the signals 
would not come back through.  Something that the people who had been working with 
vacuum tubes didn't recognize is that with a vacuum tube, very little of what you do to 
the plate comes back out the grid.  On a transistor, much of what you do at the collector 
comes back out the emitter, or base, whichever way you happen to be driving the 
situation.  It was mainly for this reason; it was noise immunity, it was to be able to take 
an unbalance in load.  We had a fan-out ratio that was far more restricted for our circuit 
analysis than anyone else's, yet it drove more.  What did we get on T31 when we finally 
got up to that stuff?  Something like fifty-six gate loads on one flip-flop?  
 
DOWNEY: 
 
Something like that, they were clocks so there was no power.  
 
FARRAND: 
 
Part of the reason we could do this is because of the impedance transfer, part of the 
reason is because of this clocking method.  
 
DOWNEY: 
 
We learned from the CRC 101.  
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FARRAND: 
 
The things not to do!  
 
DOWNEY: 
 
The company's defunct, so I guess we can talk.  But the guys are still around.  
 
FARRAND: 
 
The people are still around, and it was a good machine, for what they were doing.  
 
DOWNEY: 
 
I want to say this from a factual point of view: the CRC, I think, worked during 
acceptance tests, and very little thereafter.  Why, we discovered, was that the AND gate 
was driven into an OR gate, and another AND gate, and more OR gates, and some more 
AND gates, and by the time the pulses got all the way down through it, the time delays 
were such-that while one gate was coming up, one was going down, and the spike cut 
through when you set the flip-flop on.  We learned from that that you can't use DC 
cascading gates.  It's bad.  
 
FARRAND: 
 
We had AND-OR-AND only.  
 
DOWNEY: 
 
We generated this clocking scheme to allow everything to settle, then you hit the gate 
with a clock pulse and that does its thing to the flip-flop.  The side effects, as Bill pointed 
out, were reduced power ...  
 
FARRAND: 
 
Ability to drive through a bundle without all the capacitor troubles.  
 
MAPSTONE: 
 
What really happened is that the work done by Northrop and CRC gave you the 
opportunity to come up with a much better machine than they had made first.  
 
FARRAND: 
 
Which was our specific reason for buying them; to arrive at a make or buy decision and 
on this basis to do what we would.  The analysis of which machine to buy and stuff like 
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this was done by Perry Luth and Les Kilpatrick and they defined that a DDA be 
purchased.  It was a very wise choice for the day, because the DDA was fantastically 
better suited for the kind of guidance we had than any other possible scheme. It even has 
some values today, but nobody's using it, mainly because, I believe--and I was Chairman, 
or whatever you call it, of DDA Councils Incorporated for a multitude of years--every 
company that got into DDAs thought that they had found the reason the other companies 
had failed and kept their secrets close to their chests.  You will find almost no 
interpolative or extrapolative methods, incremental computing methods, in use in the 
United States today.   It's silly, because for the places where it's applicable, the technique 
makes for a 300-1 game.  On Minuteman, which we can talk about a little, Minneapolis 
Honeywell is building a machine that's competing with us in the holes out there.  Their 
machine is, I believe, two megahertz, parallel, and a random access memory with a lot 
more memory than we have.  Ours is a serial machine, it operates on every word in serial 
with the next word, and it operates on every bit of every word in serial with it.  In spite of 
the fact that this is a machine where the random access is from channel to channel, not 
along the channel, and you have to wait for a full revolution to get to the wrong place, we 
compute at almost 1 1/2 times the speed they compute at for getting the job done, which 
is a rather interesting observation.  What do we have in that?  A 500 kc clock or 
something similar?  
 
DOWNEY: 
 
Something like that.  
 
FARRAND: 
 
Something in that ballpark.  It's asinine, but it's true.  These are the facts of the thing.  If 
you build things so they fit, so the operations are what you want, then you can have 
something close to the following:  If I want to do a random access job, I must decide 
what word I want, set up the gates to pull it out, pull it out, and then use it.  But if I'm in 
sequential access, and I am fairly certain of always wanting the next word out, it's there 
the instant I'm there.  
 
MAPSTONE: 
 
Right.  
 
DOWNEY: 
 
I've been a little disappointed with the advent of the LSI Moss that the DDA hasn't come 
back more than it has.  
 
FARRAND: 
 
There are ways of using it, and most of the trouble is that everybody has to relearn the art.  
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When he does, he believes.  It's like building machines now.  People are building 
machines with a machine language which is FORTRAN.  How sick.  FORTRAN is such 
an atrocious bucket.  A "for instance": FORTRAN as used in the latest IBM machines 
still has all the characteristics which were defined by the specific OP code of the 7090, 
which is sort of silly.  A DO loop, for instance, counts down instead of up, so you never 
know where you're at in the value.  You trip out of a DO loop by dropping through, and 
your loop operator can have any value in the world.  And I mean that, any value within 
the full size of the machine.  That's silly, really.  You have to jump out of a loop to retain 
the values if you write them this way.  Many, many other things that are written into it are 
like this and they are kept in.  Now more people know how to program in FORTRAN 
than in any other language, so it has some advantages.  It was reasonably easy to keep the 
people to spend time and money on your machines.  
 
DOWNEY: 
 
Well, you can get people to use computers that don't understand the internal workings, 
and that's sort of a market advantage.  
 
MAPSTONE: 
 
Oh, definitely.  
 
FARRAND: 
 
It happens to be a deficit, I believe.  
 
DOWNEY: 
 
One of the problems with a DDA is that you have to program in machine language, 
which I've never really mastered.  [laughter]  
 
MAPSTONE: 
 
Yes.  That's really a thing of the past.  Nobody wants to get down to machine language 
anymore.  I think you've got a whole education problem.  
 
FARRAND: 
 
I happen to personally believe that's an absolute fallacy, meaning, you're right, people 
don't want to, but you're wrong, they should want to.  Meaning, I have gone into 
somebody else's program, burst it apart, built a new function in the middle and taken this 
up and functioned it around.  I've done it in about five languages, and I have never been 
able to do it as simply as I've been able to do it in machine language.  You just walk in 
and you say, "This is what he's doing," okay, and you do it.  Otherwise you get wrapped 
around your tail because you have so much freedom to choose a pseudonym, and then 
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you're so scared of wasting another byte of memory that you choose the same one as you 
choose some place else.  You burst into this thing and pretty soon he's going back and 
he's using your new value instead of the old value.  I just did 1 1/2 man-years of 
programming in FORTRAN for my doctor's thesis.  I didn't enjoy it. Anyway, the game 
that went along here is we evolved several things, and they obviously evolved from 
stubbing our toe.  This was a logical form which, as I recall it, said AND-OR-AND only; 
an electronic form which said one vacuum tube only.  This happened to be the vacuum 
tube which was blessed by everyone, the rabbi, the pope, everybody in the business, 
because it was the only one that didn't exhibit sleeping sickness.  At that moment in time 
when we started this, sleeping sickness was a problem.  Sleeping sickness is when some 
of the              [?] material gets on the grid, and the grid therefore goes positive, just 
slightly, building up a charge back.  Now, after a flip-flop would step, it'd stay hard over 
in one state for a long time.  It took an awful lot of energy to flip it back. This was the 
only tube.  A 6AN5?  
 
DOWNEY: 
 
It was a 56 something, but it might have been something else.  I don't remember, it's been 
so long.  
 
FARRAND: 
 
Anyway, this little tube was the one we used.  
 
MAPSTONE: 
 
Who built it?  
 
FARRAND: 
 
I don't know.  
 
DOWNEY: 
 
I had a picture of one of the old boards and I didn't bring it.  
 
FARRAND: 
 
I've got a color picture at my desk of one of the old boards. The problems that everyone 
was having with reliability made us want to keep the vacuum tubes cool and not let their 
heat get to the diodes, which were so important to the operation.  The diodes were pretty 
cruddy at that time.  Remember SEAC was built by going down to the local war surplus 
store and buying the diodes at two bits a bottle.  That wasn't quite the right way to do it. 
The diodes in our machine were point contact diodes, by the way.  They were the first of 
the welded seal cans.  They were metal cans made by Raytheon.  We had our own way of 
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putting them in.  We put them in Winchester plugs and potted them up. When we started 
to talk about going into water cooling and stuff, the very first commercial design turned 
out by one of our artists looked like a drinking fountain.  [laughter]  Remember that one?  
That was cute.  We laughed.  Anyway, the name of the game was we tried like heck to 
keep it as cool as possible.  We built the entire computer portion--not the power supply; 
we tried to force that on the power supply and didn't quite make it--to have only one 
vacuum tube in it, only one diode in it.  The thing was built totally inverted, meaning that 
the vacuum tubes were down in the middle instead of on the outside.  Everything was 
available; the flip-flops were viewable for DC testing. The machine went together and got 
checked out in pretty fair form, with the exception of the little, things you do before it all 
comes ensemble, and the problems with the power supply that you have through some 
feedback things.  I think there was less than 2 1/2 weeks of actually de-bugging time to 
get the machine on the air.  Of course, that was around the clock, Saturdays and Sundays, 
by very concerned individuals.  Still that was phenomenally short for that time.  Let's see, 
the von Neumann constant at that time was sixteen weeks.  That means any time you ask 
me "when will the machine be done", that's what the von Neumann constant said at that 
point in time. That's about how we got up to the stage, the disk memory, of course, was 
different for that day; we were using a drum memory at that particular time.  And that's 
pretty close to bringing you up to that level.   
 
MAPSTONE: 
 
How about people? The key names involved.  
 
DOWNEY: 
 
Obviously Les Kilpartick, who is chairman of the board at CalComp, Ron Cohn, Les 
Calmer [?], Gene Seid, Chris Wanless--there  were several Wanlesses and this one wss 
C.0.--Bob Seymour, Lee Aeamendt, John Leakus, Bill and I.  
 
FARRAND: 
 
Ted came in just a little later, and Willis Ware left in the middle.  
 
DOWNEY: 
 
Dick Tanaka did the logic on it.  
 
FARRAND: 
 
Dick Tanaka did the logic on the machine.  Well, actually it was Rod Stafford and Dick 
Tanaka that thought that one back and forth.    
 
DOWNEY: 
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I guess Hal Doyle was here.  
 
FARRAND: 
 
Yes, Doyle was here.  Who were the two circuit designers that went to TRW when it first 
got organized?  They shared a room together.  I can't remember.  
 
DOWNEY: 
 
I guess Gene Hoskinson was here, wasn't he?  
 
FARRAND: 
 
Gene was a little later than that.  He got in on the tail end of those two machines.  There 
were several others.  That's it generally.  
 
MAPSTONE: 
 
It was built, it was checked out.  Did it fly?  
 
DOWNEY: 
 
Yes.  
 
FARRAND: 
 
Yes, but in large transport aircraft.  
 
DOWNEY: 
 
Two engine.   
 
FARRAND: 
 
Its title in system work was X2N6 [laughter], meaning experimental.  And it was to prove 
the concept.  Yes, it did fly.  It flew in trucks, it flew in airplanes.  In fact, that machine 
made a rather phenomenal record with respect to inertial navigation.  It set inertial 
navigation on the map.  They flew all across the United States, shut the machine down, 
and on the basis of its data of where it said it was when it landed, they set the machine up.  
Cold start started the machine up.  It stayed on the ground for awhile while the cloud 
cover cleared and things like this so they could get the telescopes out. By the way, 
telescopes in this particular system, to give you the inertial navigation standpoint, had 
nothing to do with position directly.  They were simply getting the platform locally level.  
The methodology was to point the telescope at a star and get it set there, then move the 
telescope over and point it at another star.  To zero on this star, because it won't be 
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pointed at this star, you rotate about the theoretical line of that previous star, only.  It's the 
only motion you allow.  When you get one star as best you can, you go back to the other, 
and you flip back and forth between two stars.  You always allow rotation only about the 
line of sight to the previous star. The entire telescope had only a five-minute field of 
view, five minutes of solid angle, so it was a very, very, small angle.  With that and this 
machine we were actually able to track in daylight within five degrees of the sun.  Which 
is kind of pretty good?  
 
DOWNEY: 
 
There was another fellow, Fred Johnson, out on the flight line.  He was quite a character, 
but the thing I remember about him, he played DDAs by ear.  He didn't know the 
mathematics of them, but he did a good job programming.  
 
FARRAND: 
 
He could program a DDA to do any job you wanted by putting pulses in, watching the 
results, and putting some more pulses in. Those were the days when the input keyboard 
on this machine for entering data was just two buttons.  You wanted to put a zero in, or 
you wanted to put a one in.  He'd just stand there and play it.  He did all kinds of things 
that were pretty cute.  
 
DOWNEY: 
 
We flew the airplanes out of the Downey plant at that time.  It was a two-engine 
Fairchild, I forget.  
 
FARRAND: 
 
No, a little bigger than that.  
 
DOWNEY: 
 
The first time you introduce computers to a group of people who have no previous 
experience, as was the case with this flight testing--and Tom Kearns was out there--they 
don't trust that computer.  They just wouldn't trust it.  They'd get up and fly, and they had 
a plotter on board which was plotting the track path, the nadir.  They'd tell the pilots to 
fly the thing until they got it onto the path, and then they'd close the flight control loop.  
Well, they never quite made it.  You'd see the plots coming back and going back and 
forth.  One day somebody got tired of all this and threw the switch when it was way out, 
and the navigator took it right on with no overshoot.  From then on the navigator could do 
no wrong.  Then they overshot the other way; they expected it to do everything.  
 
FARRAND: 
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In those early days of flight, the most interesting part that would occur was whoever you 
sent on a flight to be your computer engineer ended up being the trouble shooter for the 
entire system.  The reason is, as the backbone in a person is the central nervous system 
where absolutely everything goes before it goes anyplace else, as you organize a system 
that's as complex and direct as this, everything goes to the  computer and then goes 
someplace.  So when anything's wrong, there's one place you can yell.  It's the computer.  
The boys on the computer used to do the normal things.  When you started a boy out on 
that, he'd go through it and prove it wasn't the computer.  He'd say, "It isn't me," and he'd 
go off, leave.  Soon they learned that they had to run out and say, "That has a DC bias 
error, this had a timing error," and pinpoint right on the button the error in every piece in 
the system.  Every computer engineer that was out in the field had to be a whole systems 
engineer.  No question.  
 
MAPSTONE: 
 
Let me turn over the tape.  

[End Tape 1, Side 1] 
 

[Start Tape 1, Side 2] 
 
MAPSTONE: 
 
With the advent of the NADAN flying and being completed to some extent, what was 
your next move?  What had you learned that you now had to do?  
 
FARRAND: 
 
The biggest thing that came out was the transistor had come into something resembling 
commercial fact.  
 
MAPSTONE: 
 
This early?  We're talking about when?  
 
FARRAND: 
 
It wasn't quite commercial fact, it was still point contact transistors, but they were in 
not-bad shape it appeared to us, and the gains appeared well worth it.  Right about this 
time we took the bull by the horns working on the bench of various kinds. We were weird 
in those days from the standpoint that the entire digital computer organization was made 
up of something like eighty percent circuit designers.  Each one was reasonably 
well-charged like a Prima Donna, with being as good as possible in his area.  We didn't 
cuss at them coming in late because they were good boys, and they just readily kept 
ahead of the game in this field.  So we had literally thousands of test hours of circuitry, 
most of which was showing it was bad, but nevertheless of circuitry, building things. We 
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therefore decided to really take the bit in our teeth and build this thing in this manner.  
We always had the concept of the building block approach, where the building block 
means you design small blocks real well, with excessive effort, and they may not have 
omin--useful capabilities, and maybe their worthwhile ness isn't all that great, but they're 
pretty good, and now you know within those constraints it'll always work.  The 
NATDAN was the very first transistor digital computer ever built, although about one 
week earlier the machine at Bell Labs had its arithmetic unit turned on.  This machine 
was built by engineers, not built by machine shops and things like this, and that's the one 
that flew the Polaris guidance system under the pole, that very same piece of machinery.  
[laughter]  This is awful.  It had all those cruddy cold solder joints that you and I put in 
there, Bill.  
 
DOWNEY: 
 
I spent two weeks down at the Cape on that machine with Ron Cohn testing every board 
to get all the bad point contact transistors changed.  It was a Texas Instruments 901, as I 
recall, or something like that.  
 
FARRAND: 
 
That sounds like the right number.  
 
DOWNEY: 
 
We didn't trust the hermetic seals of the point contacts, so around the bottom of the 
transistor we potted epoxy again.  
 
FARRAND: 
 
The NATDAN A had one of the greatest experiences of trauma that I know of in all of 
the computer industry.  The computer was built, complete, and a contract was let to Texas 
Instruments to build the transistors.  Texas Instruments looked at this job and built a 
brand-new plant to build the transistors.  Lo and behold, the brand-new plant couldn't 
build those transistors.  Consequently we did one of the shortest complete circuit 
redesigns ever done in the history of man.  Every one of the boards was completely laid 
out and built in something like two and a half weeks to make new transistor conditions.  
We'd been given the polished red apples on top of the barrel and we'd run lots of tests on 
those.  It was a mess.  It was a real short go-around; everybody was just jumping aboard 
and making it go.  
 
DOWNEY: 
 
Everybody in the industry was learning about transistors, even the manufacturers.  Early 
in the production run with the General Electric transistors, the line came to a roaring halt 
on the computer production.  All the transistors were failing.  They discovered that 
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General Electric was introducing a small amount of moisture in the can during check-out, 
and  then sealing it in.  Well, you don't seal moisture deliberately into germanium.  I 
guess these were germanium.  They learned, we learned, and the industry lifted itself up a 
notch or two with some of this pioneering work.  
 
FARRAND: 
 
At the time we were building NATDAN A this company along on that job was using ten 
percent of all of the transistor and diode production in the world.  Ten percent for one 
silly little line.  
 
MAPSTONE: 
 
That's incredible.  This was NATDAN?  
 
DOWNEY: 
 
NATDAN A, as they called it.  The first production version, I think it was.  Something 
like that.   
 
FARRAND: 
 
It was not fully transistorized.  It was fully transistorized every place but the clock.  
 
DOWNEY: 
 
Oh, yes, right in here was a vacuum tube clock.  
 
FARRAND: 
 
Right.  One-vacuum tube clock.  
 
MAPSTONE: 
 
What was the reason for that?  
 
FARRAND: 
 
We didn't know how.  
 
DOWNEY: 
 
There were no power transistors in those days.  
 
FARRAND: 
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You couldn't get power at that frequency, and we needed a speedy one.  Our expedient 
was, the computer is but the clock isn't it.  All of the read-write amplifiers on the 
memory, all of the power supply stuff, everything, was all solid state, except we couldn't 
get the hack for the clock.  
 
MAPSTONE: 
 
Each panel would represent an integrator, for instance?  
 
FARRAND: 
 
No.  
 
DOWNEY: 
 
No.  There are 93 integrators, but it was time-shared logic.  
 
FARRAND: 
 
There isn't any such a thing as what is an integrator.  
 
DOWNEY: 
 
A flip-flop does one thing at time one and another thing at time three, so the logic 
determines how the flip-flops are interconnected with the memory. A typical logic board 
had the diodes around the edge.  Part of the harness wiring was put in the edge board in 
vertical lines and horizontal lines, so you took a lot of the wiring out of the harness by 
making the board larger.  
 
MAPSTONE: 
 
Did the NATDAN get into production?  
 
DOWNEY: 
 
I think we built around fourteen or twenty.  Something like that.  
 
FARRAND: 
 
We built quite a number of them.  
 
DOWNEY: 
 
Navajo was cancelled along the line, but before that we started in on NATDAN B, which 
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was an improved version and had a transistorized clock.  Power transistors just showing 
up.  
 
FARRAND: 
 
We used a lot of them.  There was something like twenty of them in a clock circuit 
instead of one to do the job.  
 
DOWNEY: 
 
Yes.  You see, the power supply in NATDAN A was a magnetic amplifier supply, all 
packaged in one big wad.  In NATDAN B, we broke it up with power transistors into 
sections.  It had a different configuration memory with an electronic adjustment of the 
loop length, where before you had to go in and move heads.  We felt it was a vast 
improvement over the design of that.  We built one of these and the program was for two, 
I guess, but the program was cancelled since Navajo was cancelled.  
 
MAPSTONE: 
 
What were the reasons for canceling Navajo?  
 
FARRAND: 
 
That's a political game that you shouldn't try to get into, I think.  Two days before the 
Navajo cancellation, North American had a letter contract for another year of Navajo.  
The reason given by the Secretary of Defense was most interesting.  As I recall his press 
interview, it went something like this:  "Gentlemen, I think we've made a mistake.  After 
all, Navajo has to fly at 70,000 feet and it's got air-breathing engines and everybody 
knows there isn't any air up there."  From a technical man's standpoint, that sounds pretty 
stupid from a man in his position.  Whether there's air up there or not, to decide seven 
years later that something as simple and fundamental as this could be in error, is 
unthinkable.  It turns out there's plenty of air up there for the engine to breathe.  
Irrespective, the name of the game is, it doesn't make any difference true or false.  That's 
what was given out for public.  I do not know the real reason for the problem.  It was 
probably something about the needs for the missile in the arms race game.  Something 
like that.  
 
MAPSTONE: 
 
Weren't missiles changing from air-breathing at this point, too?  
 
FARRAND: 
 
Oh, yes.  But they were still studying many of the plans that people were doing at this 
time for how to run things.  It turns out that you still needed that x-10 and that you still 
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needed it real bad.  
 
DOWNEY: 
 
I guess!  
 
FARRAND: 
 
The Navajo missile, the actual bird that did the final flying, was capable of going out, 
reconnaissance, and coming back, complete.  It had characteristics which can't even be 
talked about today that are better than some of the greatest fighter planes we have.  It was 
also a fighter plane only it just didn't have people in it.  You've heard numbers like Mach 
2 and Mach 3 aircraft today.  Well, it had those performances.  That isn't talk, that's fact. 
Again, from an outsider's point of view, the cancellation of the Navajo left our country 
with the SNARK as our only defensive weapon, and that was a subsonic device which 
didn't quite work either.  
 
MAPSTONE: 
 
No.  [laughter]  
 
DOWNEY: 
 
Maybe they knew more than we give them credit for of how ballistic missiles might turn 
out.  
 
FARRAND: 
 
Yes.  Being on the inside we are not unbiased! Anyway, it was cancelled.  We went on to 
other things.   
 
MAPSTONE: 
 
What did this do to your process and progress?  Because this group had really been set up 
to do this work on the Navajo.  
 
DOWNEY: 
 
While the rest of the division was laying off, our group, or whatever we were called then, 
were hiring.  I think soon after that we got the GAM77 and the Hound Dog program with 
the VERDAN computer, of which we built probably 1700 or more.  
 
FARRAND: 
 
We built a huge number of VERDANs and it was a very nice machine.  It's what I call 



Computer Oral History Collection, 1969-1973, 1977     
William Farrand and William Downey Interview, June 25, 1973, Archives Center, National Museum of 
American History   
 
    

For additional information, contact the Archives Center at 202.633.3270 or archivescenter@si.edu    

omni-useful.  
 
DOWNEY: 
 
VERDAN means Versatile Differential Analyzer, which was a combination of a general 
purpose computer with a DDA.  The general purpose computer could reach in and change 
constants in the DDA at will.  You could fly the missile and dog-leg it by having the GP 
periodically reach in and change some constant, and the missile would fly off in another 
direction.  Tremendous versatility.  
 
FARRAND: 
 
I think there were ninety-three programs that it was used on, for sure.  But don't think this 
is too versatile.  This will little machine [NATDAN?], actually flew the Polaris 
submarine under the Pole, and it was scales to above Mach 2.  I can't tell you how high 
but the actual program in it was scaled to above Mach 2, and I don't quite think the 
submarine gets up to speeds like that. That sub, in its flight under the pole with this old 
cruddy hardware built five years earlier by engineers, not by manufacturing personnel 
and such, was turned on and realigned right next to the Aleutians.  Forty-three days later, 
after a stop in England and France, flying under the pole and coming back, it came to                
[?], our big naval station over on the East Coast.  As it entered, Navy procedure when a 
shop pulls up to the dock is to change to dock power from ship's power.  At that point we 
did not have the built-in sophistication of being able to shift power without turning the 
machine off.  So the machine ran for some forty-three days.  We have rather complete 
tapes on the machine, on what it did, and where it went, and in going over that data we 
could not find that it had ever missed a beat in any manner.  
 
DOWNEY: 
 
As I recall, there were two systems, two complete navigators, on board for redundancy.  
 
FARRAND: 
 
Yes, but this one was the one that was used.  The other was as back-up because we didn't 
want to take that risk.  
 
DOWNEY: 
 
Tom bet his life on that machine under the Pole.  He was the engineer in charge, so to 
speak, as a volunteer under the Pole.  
 
FARRAND: 
 
Yes.  Tom was the man that went in there.  It was a very remarkable situation.  There was 
hand calculation going on with respect to the calculation, to see that it was steady and 
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going right and not oscillating and all the various things that these kinds of systems do.  
As far as we can tell in post analysis, there wasn't one beat ever skipped.  Now that's 
forty-three days straight run on a machine five years old built by engineers.  
 
MAPSTONE: 
 
Well, that's impressive.  
 
FARRAND: 
 
On a job it was never designed to do.  So that shows that computers are here!  You know, 
they're almost practical.  [laughter] 
 
MAPSTONE: 
 
[laughter]  Was that the only use for it?  
 
FARRAND: 
 
No.  This job went on Compass Island.  
 
DOWNEY: 
 
They also put a couple of other computers on Compass Island.                                                          
 
MAPSTONE: 
 
What's Compass Island?  
 
FARRAND: 
 
That was a job to show that you could inertially navigate.  
 
DOWNEY: 
 
It was the name of a Navy shop.  
 
FARRAND: 
 
It had a whole bunch of navigation systems on it.  It was sort of a competition amongst 
navigation systems.  It was showing that inertial navigation really does work for long 
periods of time.  The concern, you see, is long-term duress on the system.  
 
DOWNEY: 
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As I recall, MIT at one time during the development of this said that DDAs can't possibly 
work in a navigation system because the drift rate's too high.  
 
FARRAND: 
 
There are three kinds of errors in DDAs, and if you don't know what the error analysis 
means you're in a bad way, because you can see a round out error just accumulating until 
heck won't have it.  The thing that is unseen by most people is that in a DDA, to talk its 
terminology, the wire register in DDA is single precision, but it has a second precision 
which is the R register in all of the units feeding it.  So it's truly double precision.  If you 
will view the errors in the problem properly, do a proper analysis, you can do some 
beautiful work with them. It was once proved, I don't know who it was to, but it was a  
long drawn-out thing that rectangular integration was more accurate for function 
generation than trapezoidal or extrapolative or extrapolative interpolative or these other 
things which are predictive correctors in normal GP forms.  The reason is that what you 
do is never leave these things alone.  The biggest error ever made in a DDA was that 
multiplication of X times Y is done by DX times DY is UDV plus BDV.  That isn't what 
you do and if you do that you're dead in this machine.  It's udv plus vdu plus dvdu.  
You've got to have that last one on there, and if you forget it, you're in trouble.  The 
trouble was that people didn't really understand difference equations.  They understood 
differential equations, or thought they did, when they were flying these things.  
 
The reason this works in a function generator is because you know the function you're 
after and you know how the parameters are going.  What you do is generate the function 
in a simple manner, and then you find the error.  Now you mechanize the error equation.  
It turns out that in a rectangular integration, the error equations are much simpler to 
mechanize more accurately, so by the time you've mechanized those you have a bundle 
that's smaller with less total error.  You can do it for function generation, but you can't do 
it for a lot of computing.  
 
DOWNEY: 
 
I guess we were saying there was a debate amongst the various universities and 
companies in the country at that time about the merits of using a DDA for navigation 
equations.  I recall that we set up a machine in the lab with simulated platform inputs and 
flew around the earth twenty or thirty times and then measured the error rate.  It was 
satisfactory.  I don't know whether it was a result of this, but that debate sort of died 
down soon.  
 
FARRAND: 
 
Hunt still had four people working on DDAs at that time.  
 
DOWNEY: 
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People just didn't know.  We were probably the only ones in the country that had more 
than one machine at our facility running, so we could do this sort of thing.  
 
MAPSTONE: 
 
You were in a position of strength to prove your point.  
 
DOWNEY: 
 
Yes.  
 
FARRAND: 
 
From then on we went at our transistor machine in various forms, and we were great 
pushers of do analog where analog's right, do digital where digital’s right, do incremental 
where incremental right, do I/0 processing properly, and these kinds of things.  Out of 
that grew the VERDAN.  The VERDAN grew out of mainly Les Kilpatrick, Bob Knox, 
and I.  Les was more or less taking care of administrative duties, but nevertheless he was 
in it quite a bit on Saturdays, Sundays and nights.  Bob Knox was doing the system work, 
I was doing the computer work, and Les and I were doing the computer work according 
to who was available.  It grew out of a real hard run at the system needs, personnel and 
time available, the technology available and the bucks available.  I remember 1 1/2 month 
of doing what we now call the architecture of the machine, in which I would guess I 
spent, it felt like twenty-six hours a day, but at least eighteen hours, seven days a week at 
Downey working on the job.  
 
At all times I was always designing three machines.  They were called VERDIC, 
VERDAN, and DAN.  VERDIC was a super-machine, the machine the system really 
needed; VERDAN was a medium machine that would do the job pretty well; DAN was 
the absolute minimum machine that we could ever agree upon at all, and we wouldn't 
really agree on that for getting the job done.  DAN only had the DDA in it, VERDAN 
had a very nice, very reasonable DDA and GP and VERDIC had an exquisite DDA/GP 
and I/0 in it.  We carried all three of those along.  Approximately every two days during 
that entire time a new machine trio was generated.  [laughter].   We would change the 
whole guidance equations and change everything and come out with a brand-new 
machine definition.  Those were traumatic times.  It was right during the Navajo 
cancellation-type times that this was done.  
 
Choosing the VERDAN was not too bad a choice; it was our middle one of the three.  It 
had three things wrong with it at the time we built it that we knew about, and one thing 
that I didn't know until I had to program it.  Oh, that was awful. We were very enamored 
by high reliability to minimum parts count.  Not that you shouldn't be, simplicity is the 
right way to go, but we were a little overly so.  Therefore we had a lot of short 
loops--these things where there's two heads real close together and you write with one 
and read right after it. We tried to keep these down to a minimum, and the z lines, as 
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they're called, the things that do the delta of the integrator and have it available to all the 
other units.  
 
DOWNEY: 
 
They accumulate the overflows from the integrator into a line and then every other 
integrator can get at that overflow.  
 
FARRAND: 
 
With respect to your question before, there isn't any such thing as an integrator in a 
machine.  There is an integrator portion, and as you pass things that are on the memory 
by that integrator portion, it picks those things up.  So it's a timed sequence set of 
integrators, but it's all passing through exactly the same hardware, precisely.  It turns out 
that obviously there's a relative address going on here with respect to each integrator and 
this thing that's standing off over here on the side going by, because if it's going by right 
on sync, no shift, then its data is, with respect to the real world, and this one now says, 
"That's three back" where it picks up.  So there's a very great amount of complexity 
involved with this thing.  To be able to get to any integrator to have every integrator pick 
up the output from any other integrator in the machine, we wanted a minimum amount of 
stuff.  I'll never forget Jennings telling me you couldn't get that in this number of lines, so 
I spent a whole weekend here and I designed a Z line.  A year later, when I was sitting in 
front of the first class that I was teaching on how to program VERDAN, and showing 
them how to do it,  I realized that I had made a major faux pas in the design.  
 
The major faux pas was the following:  Even though any integrator could be connected to 
any other integrator, since any integrator could connect to something like eight other 
integrators--I don't remember the number--after you'd chosen one, you were blocked out 
of fifty of the integrators in the machine.  The second choice that you made wasn't that 
omni-available, and by the third choice you were down to about a quarter.  
 
The people programming that machine--we had some people here that were really good 
at it, Barbara Conrad was excellent--were tossed in a bind.  I didn't know that the trouble 
was built in the machine.  Therefore you had to shift which one you selected, because of 
what goes into what and how you do it.  Everything had to be completely flexible and 
that was very bad.  I didn't know it until after, because I had been working so hard to 
make every integrator accessible.  And they were.  One hundred percent of the integrators 
were accessible, but that was only for the first choice.  
 
MAPSTONE: 
 
If you'd worked with a programmer earlier, you probably would have found out.  
 
FARRAND: 
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If I'd have done the programming, yes, or worked with somebody doing that, I'd have 
seen it earlier and we'd probably have changed it.  We did change it in all subsequent 
machines; the only trouble is that no subsequent machines were physically built to 
production levels.  There was a couple that was brought up to working on the bench, but 
nothing they ever built on. That isn't quite true.  MARDAN was built, but MARDAN was 
only a change from having a device that was not in the quarters where you could service 
it to having one in the quarters where you could service it.  There were very few real 
changes made on that.  
 
DOWNEY: 
 
MARDAN was specifically for submarine use, so there was more space than you have in 
missiles so the machine was laid out for better servicing.  
 
FARRAND: 
 
A lot of the straight VERDANS were put in that service also.  
 
MAPSTONE: 
 
Looking at VERDAN from the other side, what were some of the significant 
developments and breakthroughs made?  
 
FARRAND: 
 
The biggest development is the architecture which says, you have an independent 
incremental computer, an independent whole value computer--call it that instead of a 
GP--and an independent I/0 process.  In fact, on several of these there's a thing we didn’t 
mention that Bill broke his tailbone on.  We had telemetering with all these systems.  
There's something very cute about telemetering:  the guy who builds the telemet ering 
stuff doesn't care about the world, and he says, "Here is your timing.  That's it."  We had 
to take our stuff, which was going on at a sixth of a megahertz, 160 kc, that ballpark of 
numbers and even that rate was much, much too high for the telemetering stuff.  Bill had 
to design some loops to bring that down to the right speed.  That was your work, wasn't 
it?  I recall you doing the telemetering stuff on this thing. We did some of the circuitry 
for steady state.  
 
FARRAND: 
 
You had to decles [?] the data, in effect, and put it out in a manner that was meaningful 
with tag heads on it and things like that, which was a cute game. In VERDAN, the real 
key was having a GP, a DDA, and an L/) computer synergistically working in concert.  
The proof of the pudding is the fact that it was physically run on ninety-three different 
programs from process control type things to guidance.  Many of them were guidance 
systems, for instance, even though it wasn't designed as the central computer in Hound 
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Dog, it finally was, and it would align other computers in the system and do its job.  It 
was exceedingly versatile.  
 
Later we designed several others which were far more versatile, but for various reasons 
they did not sell and therefore did not go to production.  Monica I, Indian.  What were 
some of the others?  Some characteristics in these machines carry over into Minuteman.  
Minuteman is a co-value computer, not an incremental computer.  But even in that, there 
are some of the incremental computing techniques.  
 
I was hired into the company because I knew something about analog to digital 
converters, I knew about as much as anybody did when I was hired in.  Sam Alexander 
and I sort of had a corner on that market.  The first thing I did with respect to these 
machines was to design all analog to digital converters out of the system.  We, in essence, 
didn't have any.  We made them so simple that they didn't contribute any errors, which, of 
course, did me out of a job.  The characteristics that we got were what's called a DC 
resolver signal, which means square waves in a sine-cosine relationship instead of 
sinusoids.  By doing this we were able to do several things.  We could do a slew type 
operation by doing a gear shift, and by gear shifting I mean instead of taking all four 
phases, which can be decoded to eight or sixteen if you wish to use the right methods on 
it of the square wave resolver, just take one.  Now you can follow it faster at your low 
speed, and you're always right on the one as long as you knew which direction you were 
going.  You couldn't go the other direction without coming through the slow speed, and if 
you were in automatic on the gear shift, which we were, then you couldn't ever lose 
direction.  The reason for having this is that you always knew direction.  You couldn't 
rock and go the wrong way.  So we built in great shift on this and on Minuteman.  We 
also built a thing which is really a rate multiplier, that's what a DDA is when it's used in a 
certain manner, on the final cutoff of two of the stages.  With a half-megahertz machine 
capability for accuracy, because you're cutting in between.  There were a whole bunch of 
things like this.  
 
DOWNEY: 
 
From the product point of view, the NATDAN was around three cubic feet; the 
VERDAN, being a much more complex machine, was just 1.4 cubic feet around.  So we 
had a packaging revolution and it wasn't without its problems. As I recall, the first two 
VERDANS were delivered open because we couldn't close them, we couldn’t cram all 
the wiring together.  So there was some scurrying around changing the wires. I think 
VERDAN was about the first machine that used the common card cage, which you find 
today, called parakeet ladders, where you take the metal and you form it.  
 
FARRAND: 
 
It's a piece of metal which is burst out into a hole.  There were an awful lot of things in 
packaging that we did, because we were overly concerned about thermal and mechanical, 
which most other people weren't at that time.  
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DOWNEY: 
 
We built the computers, sold them to the other division which did the navigation systems 
and final assembly, and we discovered early in the program that each division solved the 
problems it had to solve to make its product reliable.  We had to solve the connectors, 
board sizes, mechanical, and we had to solve wiring.  The navigation people had to solve 
the gyros and whatever was peculiar to them and their wiring had some problems.  Being 
separate divisions in this company, quite often we would talk until we would get down to 
the place where nothing worked.  Eventually, there was a lot of trading back and forth of 
ideas.  We solved problems that they could use and thereby avoid having to re-invent the 
wheel, and we used some of the techniques of their gyros on our memories. 
 
The company brought itself up a little bit by learning from both divisions.  I think we also 
learned then that in packaging computers, at least, you don't often get denser than the 
density of water.  We were getting about sixty to sixty-two pounds per cubic foot.  
 
FARRAND: 
 
We're bettering that nowadays, but that's right.  There were several odd numbers which 
dame out, such as in the diode logic game; not in the AND gates and things like that, but 
in the diode logic game.  When we got through pounding a machine down to good logic, 
it always came out about twenty-two diodes per flip-flop.  You know, it was never down 
to twenty and never up to twenty-five; was it right around twenty-two diodes per 
flip-flop.  
 
Then we had the weights; after we got through hammering everything out and doing the 
best we could, it would be just about sixty-five pounds per cubic foot. There was a whole 
bunch of things like that which would always drop out in the end.  They weren't cheating 
to make it like that; they were just trying to do the best job.  
 
DOWNEY: 
 
The NATDAN was a water-cooled system so it was closed with liquid running through 
the side walls for cooling; VERDAN used forced air through the system.   There were 
problems with the forced air cooling system.  For example, on our A3J, the pilot would 
be tooling around at 60,000 feet.  It's pretty cold up there, he's got his air flow and 
everything's cool.  Then he swoops down on a carrier deck and it rains inside the 
hardware. We had some problems in solving that.  
 
FARRAND: 
 
It also snows up there.  [laughter]  Ah, yes, we've had a few things to learn, and being in 
the business awhile we've learned them, I hope.  Though sometimes when we get on a 
new job I wonder if we've learned much.  
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DOWNEY: 
 
We make new mistakes, we don't make the same ones.  
 
FARRAND: 
 
Sometimes we re-invent the old way.  [laughter]  
 
DOWNEY: 
 
I think one NATPAK was built.  
 
FARRAND: 
 
Correct, exactly.  However, the NATPAK was a predecessor to the RECOMPs, Jukebox 
and others that came in the early days.  
 
MAPSTONE: 
 
Let me just check some genealogy here.  NADAN?  
 
FARRAND: 
 
NADAN was a DDA.  
 
MAPSTONE: 
 
Which led to NATDAN which led to VERDAN.  
 
DOWNEY: 
 
Correct.  
 
FARRAND: 
 
Which led to the DDA portion of VERDAN.  
 
MAPSTONE: 
 
Okay.  Now, what about the NATPAK genealogy?  NATPAK is a GP, right?  
 
DOWNEY: 
 
Yes.  
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FARRAND: 
 
And that led to?   
 
DOWNEY: 
 
RECOMP I.  
 
FARRAND: 
 
RECOMP I; the next machine after that was called Jukebox; the next machine after that 
was called RECOMP II and III.  
 
MAPSTONE: 
 
Did the GP aspect of NATPAK become the GP part of VERDAN?  
 
FARRAND: 
 
Oh, yes.  It wasn't copied or anything like that.  
 
DOWNEY: 
 
The techniques we learned from building GPs were used.   
 
FARRAND: 
 
In fact, we had rather vociferous bouts in the public technical domain on the concept.  All 
of our contractors wanted us to transistorize our previously available equipment, which 
was vacuum tube, and we rather vehemently believed that it was not the thing to do.  
What you do is you design one around the properties of transistors.  The reason that we 
were strong on this, instead of just putting it together, was that we had spent so much 
effort trying to optimize the circuitry and characteristics with respect to the properties of 
diode gating, with respect to the properties of signal levels, and with respect to the 
properties of the vacuum tube characteristics.  We said, "No, we will build you a 
transistor machine."  Quite a difference.  
 
DOWNEY: 
 
I think in the early days when transistors were being accepted into industry, people were 
trying to make an analog conversion from a vacuum tube to a transistor, which doesn't 
work, so they were always trying to get us just to take a vacuum tube thing and make it 
transistorized by the analog of it.  
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MAPSTONE: 
 
Intellectually, it would seem the easiest way to do it.  
 
DOWNEY: 
 
Yes.  
 
FARRAND: 
 
It wasn't the practical way in our minds for the objectives we were after.  We did the right 
things.  
 
DOWNEY: 
 
I think it led us to where now there isn't a true analog in a sense, you have a compromise.  
 
FARRAND: 
 
Just like you don't take your discrete transistor unit and make it directly into an LSI 
version.  That's not a thing you do.  It's a thing you might talk about and it might be all 
right for advertising, but it's certainly not good for engineering.  
 
MAPSTONE: 
 
Going to NATPAK, NADAN had its beginnings in the work that was done at Northrop 
and CRC.  How did you get into the GP?  And was there a predecessor there?  
 
FARRAND: 
 
No, it was nothing like that.  It was pure need.  We all knew GPs.  The CALDIC work 
had been done before by these people, but we didn't use much of the CALDIC methods.  
 
DOWNEY: 
 
Many of the people came from the University of California and worked on the CALDIC:  
Tanaka, Aeamendt, Wanless, and Seymour, they had some general purpose experience 
from that.  
 
MAPSTONE: 
 
That's right.  NATPAK is a pretty different machine from CALDIC, which was much 
more an Eastern style.  The general purpose techniques were brought down and  then 
applied to the— 
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FARRAND: 
 
In truth, the general purpose techniques were simplicity   after you had thought of the 
DDA techniques.  The reason is that the arithmetical algorithms are reasonably 
well-known, even though we put a few in that weren't.  Oh, and for that machine we had 
Ted Hertz, who had an awful lot of background in how to make arithmetic algorithms 
work well.  He was a semi-genius in his own right at making things simple.  So picking 
that up wasn't bad.  Also nothing was done on NATPAK in a packaging form; everything 
was a direct copy of the NADAN.  The vacuum tubes were the same, the circuits were 
the same, the logic gating restrictions were the same, the package was identical piece-part 
wise, it took more power so the power supply was different, it took a different memory so 
the memory was different, but exactly the same methodology straight through.  So it was 
like falling off a log in comparison.  
 
There were some good arguments that went on during that time, and the reason was that 
Willis Ware was here.  Willis was vehement about non-clock logic, meaning 
asynchronous logic, Wiffletree adders and things like that, and we were just as vehement 
that these things were garbage.  To make them work is fine, but you can't make them 
work in a building block approach.  You just can't make them work.  
 
MAPSTONE: 
 
What's a Whiffletree adder?  
 
FARRAND: 
 
That's what you'll find in the JOHNNIAC.  It's an adder that used a ripple carry with 
characteristic that the device goes through the stages as rapidly as it can for make up of 
its final results, and then waits for the worst of the clocking through it.  The Whiffletree 
is a device you put on a set of ten oxen so they all pull.  It's a bunch of double yokes with 
center strings.  That's how the name came about.  
 
MAPSTONE: 
 
And Willis was promoting— 
 
FARRAND: 
 
He was promoting asynchronous logic, and that's part of what made him go over to 
RAND.  He wasn't here for a long time, but he was a good man with a good background 
from a good, strong place that contributed heavily to the literature we were paying a lot 
of attention to.  We listened a lot to him.  He may not think so, but we really did listen.  
But a couple of the points that he was making were so strongly against what we believed 
were the sense of values that could make a machine, that they were untenable.  If we 
hadn't gone synchronous, we could never have built any of these first machines, because 



Computer Oral History Collection, 1969-1973, 1977     
William Farrand and William Downey Interview, June 25, 1973, Archives Center, National Museum of 
American History   
 
    

For additional information, contact the Archives Center at 202.633.3270 or archivescenter@si.edu    

our first machines had bundled cables.  If those pulses hadn't been going along up and 
down together, we'd have had troubles with cross talk that were far worse than the 
troubles we had.  The pulses would have been going on at their own time and  they'd have 
been able to pick up every glitch in the system.  It was our belief after the fact, and it was 
before, and we felt pretty good about that.  
 
I just said something slightly wrong.  I said the NATPAK and the NADAN were made 
identical in packaging and form.  One thing was different.  On NATPAK we used almost 
universal logic on these logic boards, not quite.  On the first of the recomps we did use 
universal logic.  Every flip-flop was identical, every driver board was identical.  There 
were only about five boards that plugged into the main portion of the machine.  We did 
go this far on the building block approach.  
 
DOWNEY: 
 
I think the logic board, the gating itself, had the universal gating that took care of the                 
[?].  
 
FARRAND: 
 
By the way, there was one other thing that we didn't mention in NADAN that was rather 
neat and people could use it today.  We made up a master set of this etched circuitry.  The 
board was about 14 inches by 4 inches. We made a full-sized negative, not a positive, of 
the art work which had every possible lead on it.  To make up the boards to be used, you 
took some red photo-lithographic paint, whatever you want to call it, and you blacked out 
everything you didn't want.  The registration accuracy of the art was perfect, because it 
was all made from the same piece.  All you did was black out the part you didn't want, 
because you were doing it on the negative, then you transposed that and made the etching 
and your parts came out with everything meeting as well as the lines of that day did. It's 
of interest that in that day, we had line widths and line spacing, not eyelet size, because 
we were really tied to the American Shoe Machinery eyelets available.  
 
MAPSTONE: 
 
I'm going to have to put this over on the side.  
 

[Start Tape 2, Side 1] 
 
FARRAND: 
 
The spacing was something like fifteen-mil lines and ten-mil spaces allowed on the part 
and those were etched under anything but the best of conditions. That's still just about the 
standard for the industry today.  Now the eyelet size has dropped way down.  
 
DOWNEY: 
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The printed circuit board industry was just beginning to blossom in those days.  I think 
eyelets were used.  
 
FARRAND: 
 
Absolute physical eyelets.  
 
DOWNEY: 
 
We had so much trouble with them we went to the plated-through holes.  I don't know 
whether we pioneered it.  
 
FARRAND: 
 
We pioneered it, yes.  Joe Fineen had the first patent on the plated-through holes.  In fact, 
the chem milling process was invented here at this plant by that group, which is now the 
way of building all kinds of things. We're also the pioneers of epoxy circuit boards. We're 
the first ones to demand it being made out of that instead of the various materials, 
phenolic and triple-x-p and things like that which were available.  Circuit board work had 
been around for some time, but they were still playing games with such things as 
stamping the metal and gluing it down in the stamped manner, and then ripping off the 
part in between.  In other words, they'd stamp it but have the whole sheet still together, 
glue it down and pull it back.  A lot of things like that were being done at the time.  We 
believed in the etched circuit board, and did it.  We had a lot of trouble with boards 
exploding, because when you dip-solder a board, the temperature gets pretty high so that 
if there was any water left in any pocket of the board, that boils and expands.  
 
DOWNEY: 
 
I've heard of guys losing trousers and pieces of tile on the floor with ferric chloride 
leaking in those days, too.   
 
FARRAND: 
 
Oh, yes.  We've had a lot of those kinds of problems. We were great pushers of epoxy.  In 
fact, in NADAN the whole center column is glued together with epoxy, which was a 
rather remarkable breakthrough for the day.  No one had ever thought of gluing 
something together and having it hold.  
 
DOWNEY: 
 
Sheets of aluminum drilled full of holes with aluminum tubes stuffed in there and flared 
out and glued.  
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MAPSTONE: 
 
It sounds so simple.  
 
FARRAND: 
 
It is.  
 
DOWNEY: 
 
It's done today.  It had never been done before then.  
 
FARRAND: 
 
We were cooling a very large number of vacuum tubes. Then we put metal in the holes, 
which had little finger tabs sticking out, so that one end of the tab touched the aluminum 
tubing and the other end touched the vacuum tube glass surface.  This way we had direct 
conductive cooling.  The tubes had phenomenal life for their characteristic, and we didn't 
have any real bad burn-out problems after they were put in and had worked out for their 
real early life.  We did have a few troubles with cooling waters at that time, because 
cooling water wasn't something people made available to you, and garden hoses do leak 
and such.  [laughter]  
 
DOWNEY: 
 
I recall the airplane would rev up and tool down the runway.  The acceleration of the 
aircraft would deplete the water supply, the garbage disposal switch would shut off, and 
there goes all the guidance system.  So they had to either disable it, or turn the water flow 
around, or something to get around that.  
 
FARRAND: 
 
We had to do several things that were neat like that to keep things going. By the way, on 
VERDAN we had a fail-safe situation.  If any of the power supply voltages went down, 
the computer would go through a fail-safe turn off, so that it could turn back on and come 
back up and not lose data.  It didn't have to dead reckon in between.  That worked fine on 
all of the Air Force aircraft equipment and other things we ever built, because for some 
reason they'd listen.  The organization that always is the most stringent on their 
requirements for power supplies and things like this, the US Navy, finally paid us to take 
it out, because their voltages were going down below this and the machine was still 
working fine.  I never did find out why they didn't sharpen up their supply.  We were 
forever getting thirty percent power supply voltage for ten milliseconds.  Ten 
milliseconds is a lot of pulses.  Those were some cute times.  Although VERDAN was 
packaged better and was more confined, that was a sort of evolution I would guess that 
the big thing was that its architecture was vastly different.  The number of applications 
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shows it was a good method, and it's too bad it isn't being used today.  I made some 
analyses during the middle time when we were trying to sell some of the other machines, 
and got figures of merit like a 100-1 over competing machine and a Verdan-type 
computer built at that day in its capability of controlling a steel mill or doing the job like 
Minuteman does, and other things.  It's a GP because of other reasons, not because it was 
necessarily best.  
 
DOWNEY: 
 
I think VERDAN was the first military computer to used printed circuit board connector.  
Oh, in NATDAN we developed our own and used the Cannon D series, but it was in a 
socket.  We went through a lot of problems with vendors to get somebody qualified.  
 
FARRAND: 
 
We're the ones that got them to go to bifurcated contacts, which means every contact is 
split. Electrical efficiency was, of course, going up all the time.  We were trying to lower 
voltages as far as we could, trying to keep power supplies simple so we didn't have n of 
them, trying to get clocks in simpler and simpler forms, and then we went to Moss, and it 
was cheaper to make the power supplies more complex. One philosophy that we had in 
deference to the rest of the industry was that we believed that over-regulation on the 
power supplies was a very inexpensive way of buying reliability.  We built our circuits so 
they would take very large excursions in power supply voltages, and then put in all the 
regulation that was reasonable in the power supply.  We often times had a tenth percent 
or a quarter percent regulation in power supplies, when fifty percent would have had the 
machine run, but it wouldn't have bought us reliability.  The concept of Les Kilpatrick in 
managing this organization was exceedingly simple.  Everything is done with a lot of 
talking around; everything is done in a democratic manner.  After the troops have each 
cast their own vote, he cast his one thousand.  It was exceedingly simple.  
 
DOWNEY: 
 
 
He had one more vote than the sum of the people in the room.  
 
FARRAND: 
 
That's right.  It was a very simple attitude, you see; no problem at all.  
 
MAPSTONE: 
 
Quite democratic!  
 
FARRAND: 
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There was one thing about it:  in spite of this, he listened.  Nobody could change the 
rules, but everybody that wanted to change the rules had to bring forth his problem 
because maybe it was strong enough to warrant change.  In other words, the statement 
was, "These are the rules and there will be no changes."   But you were very strongly 
under the impression, and meaningfully so, that if you had a good reason for change 
come in and fight.  You'd probably get kicked down and you wouldn't win; but 
sometimes you would though.  He wanted to know and we wanted to change it for the 
best.  But it was so much better to be slightly wrong and all the same than to be exactly 
right and all different.  That was a very, very strong point in the management of this 
original organization.  
 
MAPSTONE: 
 
Les stayed with the project through what, VERDAN?  
 
FARRAND: 
 
No, through the first Army job, FADAC.  
 
MAPSTONE: 
 
FADAC, yes.  
 
FARRAND: 
 
The first FADAC machine had been delivered before Les left. The way the organization 
was set up in the beginning, I was in charge of systems and Les was in charge of digital 
computer components, as it was called.  Then we had another gentleman, Bob Buckheim, 
who was once assistant Secretary of Defense for DDR&E, I guess.  I'm not sure what it 
was now, maybe Chief Scientist for the Air Force or something, one of these titles, and 
Bob had analog components.  
 
MAPSTONE: 
 
Bill, what was your part of it?  
 
DOWNEY: 
 
I had charge of hardware design, building and testing.  What these clowns came up with, 
we had to build.  
 
MAPSTONE: 
 
[laughter]  You had the tough job.  
 



Computer Oral History Collection, 1969-1973, 1977     
William Farrand and William Downey Interview, June 25, 1973, Archives Center, National Museum of 
American History   
 
    

For additional information, contact the Archives Center at 202.633.3270 or archivescenter@si.edu    

DOWNEY: 
 
Yes, that's the way we felt.  
 
FARRAND: 
 
We dreamed, they played.  
 
MAPSTONE:   
 
RECOMP I and RECOMP II became a commercial venture, did it not?  
 
FARRAND: 
 
RECOMP II was a commercial venture.  RECOMP originally meant Reconnaissance 
Computer, and it was built for Rome Air Development Center.  
 
DOWNEY: 
 
And we built one.  
 
FARRAND: 
 
Yes.  That machine had a phenomenal record in that it ran from day one until they moved 
it in the building and rotated the disk backwards, and, of course, it makes a fine disk 
brake when you do that.  We repaired that and it ran for ages, and I never did find out 
what happened to it.  We never did get a trouble call on the machine as I recall. 
 
There was some very traumatic experiences with that.  We had a man going along to 
deliver it; Bob Brown.  H. R. Brown, by the way, was the group leader in charge of those 
three units that I just talked about; analog components, digital components, and systems 
were under him, and later he became the project engineer on RECOMP.  During delivery 
to Rome Air Force Base, the machine was on a pallet ready to be removed from the 
plane.  A boy came in with his forklift truck, and half hooked the pallet.  He started to 
take it out of the plane and it started to fall about twenty feet to the deck.  It didn't.  Bob 
was there and slapped the guy's hand as it was going back and stopped it.  They put it 
back on the plane, went and got another pallet, re-palletized it up there on the plane, and 
then took it off carefully and got it down.  There was some other trauma in the truck 
driving out to the Air Force Base.  
 
DOWNEY: 
 
Bob Brown got a hernia on RECOMP.  I don't know whether it was that one or a 
subsequent one.  
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FARRAND: 
 
It was a mess!  Everything that can happen does happen, you know? The next one that we 
built on that line was Jukebox, and its object was to take the Jupiter missile and generate 
all the pot settings--it was an analog computer--for its flight.  Its object was, through the 
ballistics computation, to give the pot settings for that machine.  
 
DOWNEY: 
 
It was mounted in a 2 1/2 ton van or something.  
 
FARRAND: 
 
Yes, in a place that was absolutely phenomenally unacceptable from the standpoint of 
service.  I happened to be there at the installation of that machine, because I was teaching 
at Huntsville at that time.  I wasn't one of the crew assigned to the job, but since it was 
our company and I was interested and had quite a bit to do with the building of the 
machine, I was there as Johnny-on-the-spot in general.  We got the thing up, after we got 
the simple systems problems fixed, but we didn't do anything to the computer.  It did a 
very fine job.  I never did hear about what it was used for after that.  The Jupiter wasn't a 
system that lasted for very long.  By the way, since the                 [?] was exactly the 
same, it was also used on the guidance systems, propulsion system and missile 
configuration. From that, we started a little company which cost this company an awful 
lot of dough.  Bob Brown and--what's the salesman's name that went to 
Aeronutronics?--set up all the sales plans for the RECOMP commercial venture.  Then it 
was taken over by E. A. Homes, III and it was run for seven years at about  seven million 
dollars loss to the company?  Interesting number.  
 
MAPSTONE: 
 
This is the RECOMP venture?  
 
FARRAND: 
 
RECOMP II's and III's.  One man, Ted Hertz, did the complete logical designs on both of 
those machines on his own.  They're pretty nice machines and are still pretty good.  
During the last year of work, Walt Hockwald, through some Air Force contract on 
reliability calculation that had to be done on circuitry, generated some software packages, 
for the RECOMP. Due to that, we sold or rented something like forty-five machines, just 
because here was a way you could satisfy a complete requirement for low outlay.  You 
buy the machine and the software packages and run your circuitry through.  Incidentally, 
I understand that a RECOMP II, serial number 507, was the first piece of computing 
equipment ever used by a military academy at West Point.  That machine, if everything 
works as it's supposed to, will wind up in the Signal Corps museum at Fort Monmouth.  
That's in process now.  That was the beginning of a whole mess of computers at West 
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Point.  
 
BRASHEAR: 
 
I'm personally not aware of why we didn't make RECOMP successful, but I do know, or 
do feel at least, that we were ahead of DEC in minicomputers.  We had the 
mini-computer market when they had nothing, and we didn't make it.  
 
FARRAND: 
 
I know why, but we shouldn't make it public.  It's called abject stupidity.  
 
MAPSTONE: 
 
Well, you can't leave that just like that!  
 
FARRAND: 
 
The name of the game was, we had people who were trying to sell computers, who 
understood computers, who, when they went to a man's office to sell a computer, tried to 
sell him our computer irrespective of which computer was best for his job.  The technique 
that should have been used was to promote COMPUTING, and only sell computers 
which were optimal for that man's choice.  If that's the competitor's computer, you sell 
your competitor's computer!  Now you have a happy computer man out there in the field, 
and next time he wants a computer, who's he going to come to?  You're the guy that gave 
him the straight story.  He's going to come to you first.  Your story's a lot better.  
 
MAPSTONE: 
 
You figure it was the marketing.  
 
FARRAND: 
 
I contend it was a marketing fiasco.  Like the used car salesman trying to sell your car. 
Yours is the best for this man.  One man may need a truck and the other man may need a 
plush limousine.  You know, there isn't one thing that fits all people.  
 
MAPSTONE: 
 
It seems as if you would not have been a good marketing company.  
 
FARRAND: 
 
That's right.  We had to learn, and we didn't too well.  
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MAPSTONE: 
 
You didn't have the background of IBM and the larger companies.  
 
FARRAND: 
 
That's right.  
 
MAPSTONE: 
 
This has been true of many of the computer companies; the product has been excellent, 
but the marketing knowledge has just not been there.  
 
FARRAND: 
 
In actuality, the difficulty was also that most of the prospects at that time were after a 
type of machine, which this machine was not.  They were after a data-processing 
machine; it was a computing machine.  Its capability was doing complex arithmetic.  It 
had square root in it, it had double precision in it, it had all kinds of neat things, but it had 
I/0 total limitations.  It couldn't play throughput, it couldn't play this document, it couldn't 
play format statement cleanly.  It couldn't do these things. We were selling them at a time 
when other machines weren't selling too well eight [?], but they were more adaptable.  
Everybody that was in that business and I said it then as well as now, should have been 
promoting computing for that field, they should not have been trying to promote their 
computers.  What they do with the feedback is to build a better computer next time that's 
more salable, but only sell your machine when it's definitely applicable.  That's my 
philosophy, and  I was voicing it then.  Since they failed, I can claim I was omnipotent.  
 
MAPSTONE: 
 
Right.  [laughter]  The RECOMP II really went through one process.  
 
FARRAND: 
 
It went through a complete design to be a marketable commercial machine, and then it 
went through a complete redesign.  There are lots of RECOMP II's around for sale in 
various places, and although we're not building them anymore, one group of people here 
just bought fifteen or something like that, but they bought surplus machines at a very nice 
rate.  RECOMP II was a machine for an engineer to use; RECOMP III was a machine for 
a problem-solver to use.  We removed a lot of the switches and a lot of the ways of 
getting at things, the nixie tubes aren't up there for read-outs and things like that.  It's 
quite a different machine.  
 
We shipped those machines around to various shows, and the only failure we ever had 
was that there was no good way of teaching people to read all the literature, consequently 
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we couldn't keep the typewriter up when we shipped it.  Every time the typewriter arrived 
someplace it was wrecked.  The reason was you've got to lock the right mechanisms for 
this kind of shipping, and then you've got to take it apart in the right manner.  You just 
couldn't get them to do that sufficiently.  I don't mean it failed every time it was shipped.  
But a very large number of times.  We had a lot of game routines and such things we ran 
around.  In fact, the prime number routine, we used to standard run in the computer and 
turn the computer off, ship the computer to some place and turn it on, and have it pick up 
the next prime number in its search and then keep going.  A very neat kind of a situation.  
 
MAPSTONE: 
 
What kind of I/0 did you have on it?  
 
FARRAND: 
 
The RECOMP II had a tele-typewriter, punched paper tape, and we cobbled on two-facet 
tapes.  The RECOMP III had about the same, though better mag tape equipment.  We had 
a tub to tub mag tape unit that was pretty fast and fancy for the day.   
 
Later on, a project that didn't go, along with a lot of other projects that didn't go in this 
world, was a very fancy multi-computer process, a project for command control of large 
systems for the Army.  Here we called it Beehive.  It was one of the first of the big 
multi-computer systems.  Our system was different in that you could choose Queen 
Bee--that's what we called it--out of the set; you'd just choose one to be master and the 
others are the slaves.  Then, even if the master goes down, you choose another and the 
game goes on in this manner.  We had a lot of reasons to believe that ours was a better  
method than some others.  
 
MAPSTONE: 
 
When did you start selling RECOMP?  
 
FARRAND: 
 
I don't happen to recall the date.  
 
MAPSTONE: 
 
Late fifties?  
 
DOWNEY: 
 
1957 or 1956, something like that.  
 
FARRAND: 
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I don't know.  We could find out.  Fifteen or sixteen years ago.  
 
DOWNEY: 
 
RECOMP II was done before Les left, and he left in 1958.  I don't remember the data.  
 
MAPSTONE: 
 
Your competition would have been 650s, 700 series.  
 
FARRAND: 
 
Yes, and the early model Librascope.  
 
MAPSTONE: 
 
LGP-30, and the Bendix G-15.  
 
FARRAND: 
 
No, Harry hadn't quite finished the Bendix machine yet.  It was advertised but not built 
yet.  
 
MAPSTONE: 
 
I guess the ERA machine.  
 
FARRAND: 
 
Yes, and the Monroe machine was out before that.  
 
MAPSTONE: 
 
Which were the Monroe machines?  
 
FARRAND: 
 
I'll have to go look.  I don't remember names now. But there was another little company 
that was building a box they called a computer, it was a small machine with a drum.  All 
these machines were drum machines   
 
MAPSTONE: 
 
ElectroData, too.  
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FARRAND: 
 
Yes.  So that's about it. The Minuteman progressions of machines went up pretty severely 
in capability each time, but we can't say much about what's in them except the overall 
gross things.  By the way, the first ones, the D17's, are now available war surplus, and a 
lot of universities have them.  They're available for about $40.00 shipping fees.  
 
MAPSTONE: 
 
There's a name I wanted to ask you about, and that was Bill Smith.  Was he involved?  
 
FARRAND: 
 
Oh, yes.  
 
DOWNEY: 
 
Yes, Bill did the logic on the NATPAK.  
 
FARRAND: 
 
That's right.  He did most of it, and Ted Hertz came in and did some.  There were quite a 
few people that came in at various points in this, but Bill Smith was a very, very strong 
member of the, call it, architectural team on the machines in those days.  A very, very 
sharp, well applied man.  Is Bill still with Les, or did he leave?  
 
DOWNEY: 
 
No, Bill left.  I don't know where he is now.  I've lost track of him.  
 
MAPSTONE: 
 
How about some external people who have or haven't, as the case may be, influenced the 
industry?  I was thinking now of Floyd Steele.  
 
FARRAND: 
 
Well, Floyd's an enigma, in that he does better than he talks, and he sure talks a lot.  
Floyd definitely, as far as you can tell, invented the original DDA; the concept of the 
revolver working in a precision manner, which made the z loop possible, which made the 
sequential computing that we did in here possible. That was definitely Floyd's concept.  
However, if it had gone the way he wanted it, it would never have been built.  There were 
a couple of characters whose judgment made that work.  One was Eric Weiss, the other 
was Glenn Hagen.  It was really Glenn and Eric that kept that piece of equipment.  Art 
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Zuken was there; he was the logical designer, logic from the point of circuitry logic.  The 
guys that started CRC were all in that, and they did a very, very nice job on the 22A.  
One of the reasons CRC started was nobody could get along with either Glenn or with 
Floyd Steele.  
 
MAPSTONE: 
 
Except Steele founded CRC.  
 
FARRAND: 
 
Yes, but only because of having a contract called Floyd Odlum, his uncle.  He got kicked 
out of doing anything at CRC almost from day one.  There was an awful lot of ego, some 
of it proper, in the founding of CRC.  There was a lot of hard work, politics, and 
organization at Northrop trying to get someplace, so that is the springboard from which 
he built the rest.  
 
MAPSTONE: 
 
Bill, did you come from Berkeley?  
 
DOWNEY: 
 
No.  No, I'm an outsider.  I'm from Stanford with a Communications degree.  I hired into 
Les's group sort of by accident, in the sense that I was interviewed, put in the group, and 
had no prior computer background.    
 
FARRAND: 
 
This whole bit about how people get to where they are in this business is rather 
interesting, I think.  
 
MAPSTONE: 
 
Yes, it is.  In 1946 there wasn't a computer industry, so how people got into it is very 
much a part of the history.  Radar, of course, was one way.  
 
FARRAND: 
 
Yes, there was a lot of radar work done.  I did a lot of it.  There was a lot of 
instrumentation work done; there was a lot of analog computer work before, which partly 
was fire-control radar stuff; servos hadn't been invented too many years before, so people 
who understood those were considered the elite of the industry.  Luckily, the electrical 
engineers were the ones that were being educated in the schools.  Most of the other 
departments were exceedingly lax in true education.  They were teaching the slower 
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methods of doing what they'd done before; reading steam tables, hydraulic pipe sizing.  I 
don't mean to discount it too much, but whereas even in 1948 and 1949 they were 
teaching La Place transforms and things like this to electrical engineers, they weren't 
teaching it in math, even.   
 
We formed a computer group out here, and had an awful lot of intercourse with ideas and 
concepts going across.  We had some very great kooks and some very wonderful guys 
building all kinds of things.  We had the guys from Stanford Research Institute, and 
Northrop, and SWAC and Bill Gunning at RAND and others, that were just sort of 
spending six-month tours in other plants to learn how.  That kind of stuff was going on 
and everybody felt great about it.  
 
It was out of that experience that I generated the philosophy that what we were doing in 
sales was wrong.  
 
MAPSTONE: 
 
In the earlier days--I know Hughes did this--did North American offer scholarships and 
assistance to students?  
 
FARRAND: 
 
Yes, but nothing like what Hughes did.  For instance, Dick Tanaka, who was working 
here, quit and got a Hughes scholarship to get his doctorate.  It wasn't as good as Hughes, 
but North American has always had a fairly liberal approach.  In those days something 
like ten percent of our top personnel were teaching classes here under UCLA, sometimes 
in this plant, sometimes in the local high schools and JC's, before we had the two 
universities here.  We did a lot of that.  We put out a lot of openness, sometimes 
bitterness, with respect to arguments on various subjects.  In general we followed the 
concept of:  if I keep it close to my chest it's likely to die because I'm not that good, but if 
I let everybody know about it but keep really sharp, I'll hear about his gains on mine 
before he hears about my gains on his, so I'll tell him.  This brought things up pretty far 
along.  
 
For instance, on the LGP-30, which was built by Stan Frankel and Jim Cass, we looked 
over their, what I call, "string logic," which is the way they made it work,  and we 
decided, after looking it over quite thoroughly, that it was the wrong way to go.  We 
looked over the Hughes--under Eldred Nelson--way of building their GP, which had what 
I will call processing registers for the command structure, instead of a straight sequential 
yet an interleave of things that were processing by, and we decided that wasn't a good 
way to go.  Everybody was looking at everybody's things with respect to their objectives 
and their capabilities.  
 
In the Southern California basin we were all together and against the rest of the world 
from the standpoint of writing logic.  As far as we were concerned, a common computer 
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would be documented for test use in the field with a computer print-up about that thick of 
all the logic.  The rest was circuit concepts and test-point data, and that would be the 
manual.  In other places you would be hauling out twenty-foot long charts...  
 
DOWNEY: 
 
With diagrams . . .  
 
FARRAND: 
 
... with gates all over it, trying to figure out how to go through.  It was our contention 
there was no way you'd ever learn it if you have to go through it that way.  
 
DOWNEY: 
 
That was the East Coast versus the West Coast.  Monty Phister was involved in that.  I 
took the course form him before he wrote his book.  That was in the mid 1950s.  
 
MAPSTONE: 
 
Oh, did you?  
 
FARRAND: 
 
Monty was trying very hard to show how things went in this manner, and he did a good 
job at that point in time, and then got into some other things that weren't so good, but he's 
still a good man.   
 
MAPSTONE: 
 
Although the West Coast was describing their logic mathematically there were still quite 
some differences between each of the companies on how the machine was actually built.  
 
FARRAND: 
 
Oh, yes.  There were differences in how a gate was made and why it was good.  I think 
the greatest step forward that we made for denoting the logic was done by Bill Smith and 
based on a very simple thing in the way a typewriter works.  We did it in deference to the 
rest of the West Coast people, and we advertised it to them, but nobody else saw any 
value to it.  And I don't know whether people are doing it now or not, because I don't look 
at other people's logic that much.  We used the same letter with the same scripts on it.  
We used tensor notation, with subscript, prescripts, post-top, above and below, forward 
and back.  But the one thing we did which was really valuable was that we had the input 
to a flip-flop in lower case and the output from a flip-flop in upper case.  That simple 
difference, and then a prescript with a one or a zero meaning the set or reset side of the 
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flip-flop.  Writing our logic in this manner we, in general, believed that not only could it 
be seen better, but the flip-flops worked better if you didn't let them ride in their old 
condition but kept setting or resetting them.  Now, I don't want to argue that that was 
really the best, but, by golly, from the standpoint of somebody looking at that logic and 
knowing where you are at any given bit time it's beautiful!  It didn't cost us very much 
and we didn't see the time when you could save much by removing that setting from it.  
That simple concept, being able to write your equations so that you didn't worry about 
whether it was on the left or right-hand side of the equation, you looked at lower case or 
upper case, made a whale of a lot of difference.  
 
MAPSTONE: 
 
Now Irv Reed had a whole theory of notation.  
 
FARRAND: 
 
Irv was a real go-getter on this stuff, and he did do the logical design of the CROC.  Then 
he went back and did that first machine back there at MIT.  I can't think of the name; I've 
had my hands on it a dozen times.  He was a big pusher for writing logic equations.  His 
notation wasn't clean enough so you could back read it well, but it was good enough so 
you could build well.  We tried to convince him about this notation which Bill Smith 
generated, and it didn't go over at all with him.  He had some very peculiar ideas about 
gating, and he's not a circuit man at all.  No discussions with him ever led anyplace 
except to frustration that I saw.  
 
I can't remember what it was, but he had some weird way he always wanted to gate.  He 
wanted to write his logic so you gated in this manner, and when you did you had the 
trouble of a difference between a rise time and a fall time and a pulse lousing you up.  I 
don't remember just what the bit was, but he had some weird things that he wanted to do 
that I thought were impractical.  
 
MAPSTONE: 
 
Can either of you think of any other areas that are significant in their contribution to the 
industry, or because they were humorous, or anything that you'd like to get into this 
history?  
 
FARRAND: 
 
Well, yes, there's one point that might be worth saying.  We finally gave up trying to sell 
DDAs and combination machines like VERDAN and such on the Monica A job, because 
one of our salesmen, Gordon Smith finally got tired of no matter where he went and who 
he had to talk to, he had to give a complete lecture on what is DDA.  It turned out that 
everybody you talked to either didn't know what they were or they thought they did and 
knew wrong.  So you had to go through this.  Whereas the literature was just profuse with 
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GP data, and everybody at least believed they knew what it was and to such a level that 
you didn't have to go through a lecture.  
 
DOWNEY: 
 
It seems to me that the first use of the digital incremental plotter occurred about the time 
of the DDA because it was a natural.  
 
FARRAND: 
 
That's right.  
 
DOWNEY: 
 
The output of the DDA is incremental, and it drives the step motors very nicely.  This 
was just after the time California Computer Products began in a garage with Sy Morton 
and Bruce Sawyer.  Sawyer now heads X-ynetics.  
 
FARRAND: 
 
No, he doesn't head it now.  He's cut lose and he's over in a corner doing his own work.  
 
DOWNEY: 
 
Okay.  We bought some of their first plotters and we flew them on the airplanes with the 
X6.  We'd put a map on the plotter and we'd plot the track point, the nadir, of the airplane 
as it flew along, so they could tell whether they were off course or not.  Fred Johnson, 
who played DDAs by ear, was at Cape Canaveral, assigned to this flight test program.  
He was told they had to have a flight path which showed the missile going out, turning 
around, and coming back.  This was the X10; he called it his "tennis racket."  He played 
the device by ear and plotted up a tennis racket which showed what the possible 
curvatures meant, but he didn't know what he was doing, and it wasn't an exact flight path 
but it made everybody happy.  
 
FARRAND: 
 
In actuality, he did know what he was doing.  He had the problem that a lot of people 
have that he didn't know how to explain it.  
 
DOWNEY: 
 
I guess that's right.  
 
FARRAND: 
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His method, however, was not the kind of mathematics Bill or I would use to do that job 
at all; it was a completely different brand of work.  For instance, knowing that a certain 
general was coming through, in one hour he programmed the computer to physically 
generate on the plotter a circle with a five-pointed star in the middle.  He did not do it by 
plotting the circle and then plotting a line and going along in the usual manner.  He used 
a very weird set of sequences and he actually did not calculate the numbers and then feed 
them in.  He fed in some numbers that were something close, ran them, saw how far off 
they were, changed a few numbers and that was good enough. He built his house down at 
Cape Canaveral so that a core center of the house was like a bomb shelter so he could 
play his--I don't know what musical instrument he played.  
 
DOWNEY: 
 
He plays an organ.  
 
FARRAND: 
 
It was an organ.  Okay.  Late at night he could play and not bother anybody.  His roof 
was all planted and had chairs built in it and telescopes and stuff to watch the flights of 
birds.  
 
MAPSTONE: 
 
Oh, how fun!  
 
DOWNEY: 
 
He had to go up and water and mow his roof every once in awhile.  [laughter]  
 
MAPSTONE: 
 
[laughter]  
 
FARRAND: 
 
Oh, it was gay!  We did have a few characters around.  That's about what you can say.  
Now let's see, who were some other people around the area that had a lot of influence?  
Obviously Gunning's crowd and Keith Uncapher and those at RAND; the people at 
Bendix; the people at SWAC.  McCann's organization at Cal Tech didn't get very prolific 
and I really don't know why, because Gil is just as great as they can come and he was 
deep in it.  
 
MAPSTONE: 
 
But analog.  
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FARRAND: 
 
Well, they were building a GP there in the early days.  
 
MAPSTONE: 
 
They were?  
 
FARRAND: 
 
Yes.  You know flip-flops and stuff.  
 
MAPSTONE: 
 
It was Stan Frankel?  
 
FARRAND: 
 
Yes, they had all kinds of little things going on, and they never came out.  
 
MAPSTONE: 
 
Is McCann still there?  
 
FARRAND: 
 
Yes!  He's still there. 
 

[End of Interview] 


