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Interviewee: Dr. Fritz Mueller 

Interviewer: Dr. Michael Neufeld 

Location: Huntsville, Alabama 

Date: November 6, 1989 

TAPE 1, SIDE 1 

DR. NEUFELD: So I wanted to start out by getting some biography 
as a background of you, so could you tell me where and when you 
were born, and your parents? 

DR. MUELLER: Yes, I was born on October 27, 1907. So I'm an 
old-timer. 

NEUFELD: You seem to be in remarkably good shape for an 
old-timer. 

MUELLER: And this was in a small town, Thuringia, Germany. I 
visited--it was a state college in Hildburghausen in Thuringia, 
state college of Thuringia. 

NEUFELD: What would the German name be of that? 

MUELLER: Thueringische Technische Staatslehranstaten was the 
name of the institute. And I studied Electrotechnik at that 
time. 

NEUFELD: Okay. Your parents, what did your parents do? Because 
it's always very interesting to see what the background of people 
was. 

MUELLER: My father was a businessman in that little town where I 
was born. The name of that town was Schalkau, a small city 
actually in southern Thuringia. 

NEUFELD: Where is that near? 

MUELLER: Direct on the Bavarian border, near Coburg. 

NEUFELD: Near Coburg, oh yes. 

MUELLER: It was about ten miles north of Coburg. 

NEUFELD: Okay. 

MUELLER: And just behind that little city is the border between 
what is now East Germany and Coburg belongs to West Germany. 
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NEUFELD: Right. So it's now a border town inside East Germany. 

MUELLER: It's a border town, ja. It was all these years in what 
they called Sperrzone of East Germany. 

NEUFELD: Right. 

MUELLER: And I never went back, of course, I never visited my 
home town again. For many years it wouldn't have been possible 
anyway. 

NEUFELD: Right. 

MUELLER: For political reasons, they didn't let people go in 
there. And since I have no relatives living there any more, so I 
never did go. I never did go back to it. 

NEUFELD: Yes. It might be possible now, now that so many things 
are happening. 

MUELLER: Yes, maybe some changes might come, some day. 

NEUFELD: They're already coming. So your father had what kind 
of business was it? 

MUELLER: Yes, he had a business, a hardware store, and 
installation business for heating, gas, water and electrical 
systems, and he was a well respected man in the town. He 
belonged to the city council. My mother was born in Bavaria, 
southern part, and we had, my parents had three children. I was 
the second, the elder was a brother, and the younger one was a 
sister, and then there was a younger brother which died as a 
young child already. Ja. Then of course I visited the schools in 
town, and then later on I went to that Technische 
Staatslehranstatten, and finished about 1929, and it took me 
about a year to get a good position in industry, and 1930, I 
moved to Berlin and got employment with a small company which was 
called Aerogeodetic. 

NEUFELD: Okay. 

MUELLER: Now, this was a company which was running under the 
Dutch name but actually it was a camouflaged company. They had 
their headquarters in some city in The Netherlands, and the 
building was a substation, so to say. It was located in Berlin 
and I was in Berlin. And this company by that time when I came 
there was headed by a technical director. His name was Boykow. 
You might have heard that name already. 

NEUFELD: Yes. 
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MUELLER: He was the technical director. And the activity of 
that company was some--let's say some navigation and steering 
mechanisms for ships, gyroscopes and stabilized instruments for 
ships, and they did also some work in connection with aviation, 
with airplanes and so on. They had for instance optical 
instruments there which could transfer photographs from out of 
the air, of areas, and correct these, you know, when they were 
taken under certain angle, correct them into the right scale. So 
they had experience in optical instrumentation, and it was a 
really small company by that time when I came there. I would say 
there were about 50 or 60 people altogether. But the company 
grew while I was there. They got more and more contracts. The 
contracts mainly came from the German navy. And by 1933, the 
company was finally transferred into this other company which was 
later on called Kreiselgeraete GmbH. So it was a forerunner of 
Kreiselgeraete GmbH. 

NEUFELD: Okay. Can I just ask a question, to backtrack, so 
that, I was just curious about two things about your education. 
You became interested in electrical engineering or 
Electrotechnik--do you know for what reason? Did you have strong 
scientific interests before? In other words, why did you become 
interested in electrical engineering? 

MUELLER: Why, I was obviously inclined toward technical things, 
and my father naturally found that out, said, it's the best 
thing, you know, you go into an engineering career, and that 
suited me fine. I didn't do much thinking about before that, you 
know. I considered it a natural thing to go that way. Already 
as a boy I was always fascinated by technical things especially 
the electrical ones. 

NEUFELD: So you received from the Thueringische Technische 
Staatslehranstaten, you received what kind of degree or what kind 
of education? 

MUELLER: It was not the Diplom-Ingenieur like that in Germany, 
it was a thing between, between the Diplom-Ingenieur degree which 
you could get in a Technische Hochschule, or just engineering 
degree which you could get from a Technical Fachschule. It was 
somewhat between, and it was--of course it was regulated by the 
state. You had to make a state examination. So this was what I 
actually did there. I had no problems really. I had obviously a 
gift for technical things, and so, this way I finally ended up in 
Berlin. 

NEUFELD: Okay, which was the center of electrical engineering in 
Germany pretty much, wouldn't you say? Berlin was the center of 
electrical engineering at that time, the usual place to go to? 

MUELLER: Ja. In Berlin of course you have also AEG, a big 
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German company. There was Telefunken and there was Siemens. 
They were all located in Berlin. But I ended up with 
Kreiselgeraete. 

NEUFELD: Okay. So you, it changed over to Kreiselgeraete about 
1933? 

MUELLER: 1933. It must have been on the end of 1933 when this 
change was made to Kreiselgeraete. Now, during these years of 
1930 to 1933, I worked there in that company as engineer and 
design engineer, and let's see, I was--I found a very good 
inroads here, you know, in that company. I worked for one or two 
years with a very experienced engineer on some of these problems. 
The first thing which I did there in connection with one of the 
experienced engineers was an instrument which would be used on 
ships. It was called Torpedoauswanderungsmesser. This was an 
instrument which should determine the velocity of another ship 
and the distance so that you could find out finally what you 
needed as an angle for your torpedo firings. And this was a 
relatively complicated thing. Such things to do on ships 
required gyroscopic stabilizations first in order to eliminate 
all the ship's motions, and then when you had such a platform, 
you could put that instrument on, then of course you needed to 
measure very precisely from your own ship the combined angular 
velocity of the two ships, which was a very very small value, and 
again, this was done by gyroscopes, complicated arrangements, 
relatively complicated arrangements. And I worked with that man 
together for about one and a half or two years on that thing, and 
finally when it was ready, it was a full success for the company, 
and the comany built quite a number of these things, and all the 
German ships of the German navy finally were equipped with such 
instruments, German destroyers which they built you know and 
cruisers and all these things. 

NEUFELD: This was for surface ships, not U-boats? 

MUELLER: These were all surface ships, ja. But I mention in 
particular this, this instrument, because this instrument used to 
my knowledge the first time gyros which I and other people used 
later on in this guidance control, you know, what you showed me 
here before, what Mr. Reisig wrote here, the pendulous gyro. 
This instrument which I talked about was the forerunner of such 
gyros, although it was a large thing, you know. It was an 
instrument which had a diameter of maybe two and a half feet, and 
it was high, six feet high. It was equipped with distance meters 
and optical instruments. But actually the gyro part, the 
essential part which made it possible to measure such an angular 
velocity of both ships, this principle was used later on in that 
pendulous gyro which was called the integrating gyro. Then of 
course, Boykow, director Boykow, he was very interested in this, 
all these developments. He was always a little bit ahead of 
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time. He had so many new ideas and new problems, and then he 
came up and I had to do certain work for him in a direct way 
sometimes, you know. When he had a new idea, he selected me for 
some reason to look into this particular area, which I did, and 
so he had ideas sometimes. once I remember I made him a plan, 
how he could put some kind of a buoy into the sea, you know, and 
anchor these buoys somewhere and measure the water current for a 
long time, for half a year, for instance, or a year. And of 
course this could not be done by supply batteries in such a 
thing. So I had a device, an instrument which was powered by a 
large propeller, connected to that thing, and that propeller was 
driven by the water current naturally with gearing and things 
like that and generated electric current for the battery and so 
that buoy could stay in the water for maybe a year, you know, and 
had a number of recorders and measuring instruments to record all 
the water currents in that particular area for the time of a 
year. So such ideas, you know. And I did this work for him. 

NEUFELD: Could you describe him as a person, as a personality, 
Boykow? 

MUELLER: Physically he was a very impressive figure, tall and 
pretty heavy, and looked very serious. He had a deep voice when 
he spoke, and he spoke very distinctively, so he created a 
certain atmosphere around him, you know, and there were very, 
very few people which countered him really in his ideas. Also 
his ideas were maybe sometimes a little bit fantastic, or too 
much ahead of time, but nobody really talked against it, you 
know. They all accepted him. He was, at least in that company, 
he was a man who knew everything and determined everything. 

NEUFELD: Was this at Aerogeodetic or was this at Kreiselgeraete? 

MUELLER: Yes, it was already in Aerogeodetic and then later on 
in Krieselgeraete. He died at the end of 1935. So during all 
this time he was the technical director, and he was absolutely 
the technical head of the company by that time. 

NEUFELD: The company changed name at the end of 1 33 when it 
became Kreiselgeraete? 

MUELLER: 1933. 

NEUFELD: Was that a result of the state after the Nazis took 
power intervening to reorganize or how did it happen? 

MUELLER: It might have come after that, you know, after the 
power seizure, but I think it probably was after it. I can't say 
for sure when it was but it was 1935. 

NEUFELD: 1 35 did it change? 
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MUELLER: 1933. 1935 was when Boykow died. 

NEUFELD: So your company was separated from the Dutch company 
and set up as an independent German company or how did that 
happen? 

MUELLER: Separated from what? 

NEUFELD: Was your office separated from the Dutch company at 
that point, to create Kreiselgeraete, or? 

MUELLER: No, no. The company stayed in the same facilities like 
before. For us it was more or less just a name change. For us 
employees of the company. 

NEUFELD: Does that also apply to the Dutch part of the company, 
that it was all? 

MUELLER: --Yes, I think the so-called headquarters which was in 
The Netherlands was given up after that. This would be it. So, 
since I did certain of these things or investigations which 
Boykow wanted, you know, he must have done something one day when 
he established that contact with Wernher von Braun, and this must 
have been around 1934. Could have been already that he knew von 
Braun before. I don't know that. But certainly in 1934 he had 
contact with von Braun, and von Braun told him all his plans 
which he had, you know, what he thought about rockets and travel 
in space and these things, and Boykow came up with a lot of 
suggestions, and I think von Braun liked that actually. He said 
he had found somebody, you know, who could advise him with regard 
to guidance and so on. And so early in 1935, I got an assignment 
to meet Wernher von Braun and go to Kummersdorf where this group 
was located at that time, and support Wernher von Braun and his 
group in certain, with certain problems which they had there 
which Boykow thought it could be done in Kreiselgeraete. 
Kreiselgeraete could help him in certain respects. So this was 
when I met von Braun, early in 1935. And the first problems 
which he brought up and which I helped to solve for him were some 
other things, you know, to make spring supports for little 
structures where he could put little power plants in, and support 
these structures in such a way that they were always indifferent 
with respect to gravity when he moved these things in certain 
directions. 

NEUFELD: They were essentially pendular --

MUELLER: Pendulous, and they changed center of gravity, because 
the fluid went out, you know, when that power plant worked, you 
know, and the fluid level came down so center of gravity changed, 
and this would create restoring torques and in order to prevent 
that he needed certain spring arrangements which took care for 
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that, you know, which took up the forces. Now, this was for 
instance one thing I worked on. And then he came with other 
things. For instance, I remember, I built a measuring instrument 
which made it possible to measure forces on these little jet 
rudders which were in existence at that time. The idea by that 
time was to stabilize rockets whenever it was necessary, to do it 
by jet vanes. 

NEUFELD: Right. 

MUELLER: But nobody had the slightest idea what forces would be 
generated or what would happen, you know, if such a thing came 
up. So I had to design for this group, test devices which made 
it possible to measure such forces. This was all early in 1935. 
Then he came up and I designed for him little gear drives driven 
by motors which gave certain time signals, what you would do with 
a simple computer today, you know, and these time settings could 
be changed. They were used for operating later on the simple 
rockets, you know, like in the A-3 and A-5, to do these different 
functions which were necessary. So I did work in that area. And 
then, they needed--oh, they had problems with cryogenic valves. 
These first little test rockets which they had there, they 
created the pressure which they needed in the tanks for liquid 
fuel and for oxygen, they pressed in the steam from the liquid 
nitrogen. 

NEUFELD: Yes, right, it was gas pressurization. 

MUELLER: Yes. And all those things operated on very low 
temperatures, and they did not have--obviously there were no 
reliable cryogenic valves which could easily be operated by that 
time. So I remember, I designed by that time with the help of 
our people, we had experienced people really in that company, a 
device which made that possible. It was an instrument we chose 
called Steuerschieber, and it really worked out. They operated 
that thing later on, two and three years later, they still had 
this instrument here in these A-5 rockets. It was a good 
solution. 

NEUFELD: Was it a measuring, did it measure the extent of valve 
opening, or did it power the opening? 

MUELLER: No, it was just a function of opening and closing 
certain passages, you know, into these tanks. 

NEUFELD: Okay. And so this was a--

MUELLER: --But when these passages had to be opened, that 
instrument was closed, you know. It assumed the temperature of 
the liquid nitrogen steam. So it had to operate on very, very 
low temperatures. This could have been done with valves 
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naturally if valves would have been available, simple valves, 
which would have worked flawlessly, really, and the trick 
actually was solved by using some kind of a rod in the cylinder, 
and making that rod very thin, only about 7 to 8 millimeters in 
diameter, and by using such a small but relatively long rod, you 
know, we eliminated, so to say, jamming by dimensional 
deformation due to the temperatures; because it was so small in 
diameter, it could tolerate actually the changes which occurred 
from normal temperature down to these low cryogenic temperatures. 
So it was this little trick made this thing possible. So 
I--well, and then of course he came up and needed certain 
recorders for special purposes, so a few times I helped there in 
building special recorders. And then--

NEUFELD: What was the recording technology at that time? 

MUELLER: There was not much available really, you know. And for 
certain purposes there was nothing which they could use really. 
But the things which I built were relatively simple too. It was 
mainly a drum, you know, driven by a DC motor, not very exacting 
speeds really; all these things had, in comparison to today, very 
low accuracy. But there was nothing else there, and for the time 
it was really good enough, you know. It was a help to them. And 
then during 1935, I would say around by the middle of the year or 
so, Boykow had formulated an idea for a complete guidance and 
control system for the next rocket series which von Braun and his 
group meant to build. 

NEUFELD: It was the A-3. 

MUELLER: That was the A-3. By the way, I should mention, in 
1934, by the end of 1934, there was--that was a time when they 
fired the two A-2's which they had built, and the A-2's had 
already a gyroscope in but a very, very simple thing. It was 
nothing else than a wheel, pretty heavy wheel, you know, driven 
by an electric motor before launch, and the spinning axis of the 
wheel was parallel to the spin axis or longitudinal axis of the 
rocket, and this--these things were fired, and they were 
successfully fired, but there was no active control. It was just 
a gyro which was inside. Then, the von Braun group intended to 
build that larger rocket which they called later A-3. And Boykow 
devised that guidance and control system for that thing, 
including the gyroscopes up there. 

NEUFELD: Okay, before we go on and talk about that, I want to 
ask you a question about when you arrived there and what your 
impressions were. You came to Kummersdorf you say at the 
beginning of 1 35? And did you stay there all the time or did you 
go back and forth? 

MUELLER: No, I didn't stay there all the time. I went back and 
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forth. Later on, when the testing took place on this guidance 
system of the A-3, I stayed there sometimes a whole week or so. 
But before, I was just days there and my headquarters was in the 
company actually. I just did go there and discussed with von 
Braun too, with his people or with himself, what I had done or 
what they wanted, you know, what should be done next. Well, if a 
test took place, so it might have been possible I was there two 
or three days if necessary, but just this way. 

NEUFELD: How far was it from Berlin? 

MUELLER: I would say about 40 kilometers. 

NEUFELD: Can you give us an impression of what von Braun was 
like when you met him? What your first impression of von Braun 
was, and of the group? 

MUELLER: I met von Braun, I met him actually in Berlin. I got 
assignment one day to go to a certain place in Berlin, I met him 
on the streets there, and went with him to a company where he had 
some business, where he had given some contract to build 
something. And I should give some advice in certain things 
there, you know. This was the way I met him. And he was younger 
than I, a few years younger, but he was a good--he had a good 
posture and so, you know, he looked very good. He looked very 
determined and he spoke very clearly what he wanted. So it was a 
man you liked to work with. Doubtless, you know, he was--he was 
in certain respects, fascinating, you know. And then he talked 
about what he wanted to do. So it could stimulate people, you 
know, to be with him. 

NEUFELD: Did he talk to you about space flight at that time, or 
about practical problems? 

MUELLER: I would not say, on our first meeting, but when I was 
there in Kummersdorf sometimes, and sometimes I stayed overnight 
in Kummersdorf, and in the evening when he was there, usually he 
NEUFELD: Okay, so you were saying? 

MUELLER: So when we were sitting together in the evening, he 
talked about it, you know. He talked about plans which he had, 
what he had in mind and so--yes, by that time, I met some of 
these people. I'm reminded, in 1 35 that it was also that I met 
Rudolph there when I visited there, and I met another man, 
Riedel. He was the head of a small design office there. He was 
the chief of the design office. There was another man, his name 
was Walter, he was--well, the shop man, so to say. They had a 
workshop, naturally, experimental workshop there, and some other 
people, one, some design people I met there. One is still here 
in Huntsville. His name is Wilhelm Schulze. I don't know if 
you've heard of him. And some other people which are not here 
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and which were not with that group later on. So I met most of 
the people which by that time were there. 

NEUFELD: What was your impression of Walter Riedel, who is of 
course the first Walter Riedel, that you met at that time? 

MUELLER: Yes. Well, he was--I knew him there. He was a little 
quiet man. But he was very lively, you know, you could talk to 
him. He was very understanding, and I think he did a very good 
job for von Braun. He had a good relationship with von Braun by 
that time, and I think he--he was very eager, too, you know. Ja. 

NEUFELD: I ask the question in part because Rudolph told me that 
he later had, that Riedel later had problems because he often 
didn't like the Diplom-Ingenieur and the Doktor-Ingenieur, that 
he had, you know, that he didn't like to take orders from those 
people with higher academic qualifications. 

MUELLER: Yes, this was actually a problem in Germany in general, 
you know. I think everybody who wasn't a Diplom-Ingenieur and 
wanted to go ahead, you know, he encountered the same 
difficulties. And this, it was actually so. At Kummersdorf and 
later on Peenemunde, these were the government jobs, you know, 
like our civil service here, and in Germany they had very strict 
regulations with regard to salary and so on, in government 
positions. And if one was not a Diplom-Ingenieur, he couldn't 
possibly go above a certain level, and on the same level as the 
Diplom-Ingenieur started, and to a certain extent maybe this was 
good, but it had bad sides too. So most of the people who didn't 
have the Diplom-Ingenieur's diploma right from the beginning, 
they did not go into the government jobs, like I did. Chances 
were better in the companies for advancement. Even in companies 
were difficulties coming up in that respect. Ja. And so it is 
understandable that he had his problems later on when that thing 
grew, you know. And in Peenemunde then there came a whole crew 
of new people, you know, and they did not have the experience 
which these old people had from Kummersdorf, but they became 
naturally the superiors of this other group of people, and this 
certainly caused some friction. 

NEUFELD: Many of the people who came in during the war had come 
out of the universities or the Technische Hochschule. 

MUELLER: Yes. And naturally these people which came then in 
from the Technische Hochschule, and there was that growing field, 
that widening field. They brought in also their friends and 
people they knew, you know, and of course if they had helped them 
to come in, they also wanted to help them to advance there, and 
this caused lots of problems. 

NEUFELD: The problems were between the old people who'd been 
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there from the beginning, with lesser training, and the new 
people who came in, or what were the main conflicts? The main 
friction? 

MUELLER: I think the main friction was that the new people which 
came in became the leaders of departments, you know, and these 
old people which were there, well, I think they did not even go 
into parallel positions or did not even come into parallel 
positions, although they had lots of experience out of all these 
years, you know, which the new people did not have. And this I 
think was the main trouble, in that respect. 

NEUFELD: Because I know of course at some point that the older 
Walter Riedel, Walter Riedel I, was sort of pushed aside, and the 
other Walter Riedel, Riedel III, became--more or less took his 
position. That was in the middle of the war. 

MUELLER: This Riedel, that other Riedel, Riedel III, I think 
they called him Riedel III--well, there were three Riedels, 
actually. 

NEUFELD: Right. There was Klaus Riedel too. 

MUELLER: Ja. And the last one which was there, I think they 
called him Riedel III. This is the one which later on came to 
the United States here and he worked with North American, and he 
was, what do you say, a real powerful man, you know. And that 
first Riedel, Riedel I, he couldn't, in my opinion, he couldn't 
balance him. So he was pushed aside, you know. 

TAPE 1, SIDE 2» 

NEUFELD: We were talking about all the Riedels and trying to 
keep them straight. We can probably go back now to where we were 
before, which was around 1935. Before we go back to the 
technical part, I also want to ask you about the officers and the 
military people. When did you meet Dornberger? When did you 
encounter some of these others? 

MUELLER: I met Dornberger in 1935 when I went out to 
Kummersdorf. I don't know whether it was on the first or second 
trip, but I met him there and I met him several times when I was 
there, every time when I went out and he was there, you know, so 
we met, naturally. He was captain by that time. 

NEUFELD: What was your impression of him as a personality? 

MUELLER: Well, by that time he was a real military, you know, 
what I saw, and I cannot say that I had many technical 
discussions with him really. Technical discussions took place 
only between von Braun and with Riedel and all his technical 
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people. 

NEUFELD: So he struck you as a Prussian officer type at that 
time. Did you know Zanssen? 

MUELLER: Yes, but Zanssen came later on. I think it was only at 
Peenemunde that I met Zanssen, ja. 

NEUFELD: He wasn't there at Kummersdorf at the time that you? 

MUELLER: Not '35. I can't say exactly when I met Zanssen for 
the first time, but I think it was up there. If it was in 
Kummersdorf, it was late in 1937. But I can't say for sure 
whether this was Kummersdorf that I met him. 

NEUFELD: Did you know von Horstig, who was an officer from the 
Heereswaffenant? 

MUELLER: What was his name? 

Neufeld; Von Horstig. 

MUELLER: No. No. He was not located there. 

NEUFELD: No, I think he was located in Berlin in the army 
ordnance, Heereswaffenant. Okay, I wanted to get this background 
information on what it was like and so forth. But I kind of 
interrupted you, as far as the technical side was concerned. So 
you then in mid- 1 35, you said that Boykow had drawn up the plans 
for the A-3 guidance. 

MUELLER: Ja, he had the idea about how the A-3 guidance should 
look, you know, what it should be. And then one day I got 
assignment to start engineering and designing that guidance 
system, you know, which he had. By that time, let me say, I 
belonged to the engineering office. You know, Kreiselgeraete had 
an engineering office which was headed by a man whose name was 
Ernst Haas, and I was a group Fuehrer, you know, it was called. 
I had a group of a few people which worked for me, if we had to 
make a design or something like that. And this was in 1935, when 
I got that assignment, to start that A-3 system. I can't say 
exactly any more how long it took. And this, I did this then 
with that group of people during the remainder of 1935 and the 
beginning of '36, and then these gyros were built. Some were in 
1936, and built and tested, and then we got into '37, and the 
final testing in Kummersdorf was done in 1 37, in summer of '37, 
and by the end of 1 37, November and December, the A-3's were 
fired then. Now, actually, that thing was practically designed 
according to the principle which Boykow had laid out, except for 
certain details of the servo systems which were somewhat 
different, which he had not laid out really or not planned in 
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that sense. But with regard to the stable platform and the 
gyros, he gave actually the idea how it should be done. 

NEUFELD: Could I ask you for the details of that? 

MUELLER: Ja. 

NEUFELD: How many gyros were involved? What were the details of 
the design? 

MUELLER: This, that system which was used had two gyros in the 
stable platform. It was a kind of stable platform stabilized by 
two gyros. The one was called the yaw gyro, the other was the 
pitch gyro. You know, pitch forward, and yaw--

NEUFELD: --Yaw is left and right. 

MUELLER: --gyro, and this platform had to be--it could not be 
stabilized by the gyros alone, you know, it needed some kind of a 
servo system, and servo systems were very, very bad at that time, 
you know. There were no servo systems even in development. The 
only thing which could be done was using a motor and switching 
the motor in and out, which was not a good thing for the gyro 
because it always gave a hit when the motor switched in and it 
turned, so, it started the oscillations and all these things, so 
this was not good. So we finally settled on a pneumatic servo, 
on that particular platform. A gas bottle provided air pressure, 
and there were two nozzles, one for pitch and one for yaw, and 
counter nozzles for the other sides, each needed two, and so in 
this way we eliminated all cable trimming through the gimbal 
systems and did this all pneumatic, and the gyros actually had an 
electric contact with two positions, the one position, and if it 
was not enough, a second position, that was all. It was a two 
stage servo. And then that signal from that gyro pickup was led 
into a magnetic valve arrangement, also with two positions, and 
that magnetic valve arrangement opened the valve in the pressure 
line, to a certain extent, or full, whatever was required. So 
this was the basic arrangement. There was no gyro provided for 
the roll stabilization in the platform, and the idea was, if the 
roll, if the rocket would roll somewhat, then the pickups on the 
gyros would indicate the turning of the outer system and it would 
appear like the gyro needed a push for its precession, and then 
the pneumatic system came in and turned the whole thing around, 
with the rocket, you know. But there was a limitation. With the 
pneumatic system you could produce only so and so much of a 
torque, and this torque could only precess the gyros with a 
certain angular velocity. I don't know exactly any more what it 
was, but let's say it was about maybe two degrees per second or 
three degrees per second, something like that. As long as the 
rocket would not turn faster than that the gyros would follow 
it,--but if the rocket would turn faster, then the gyros could 
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not follow and by times they would hit, they would have a large 
angle, maybe 30 degrees, I think the freedom was about 30 
degrees, and then it would hit the stop--well, it would hit the 
end of its freedom, and this would naturally tumble the whole 
platform around. The platform would not stabilize any more. 
Now, in addition to these two gyros in the gyro stabilized 
platform, there were three rate gyros, mounted rocket fixed on 
the bottom of the platform and these rate gyros now were 
relatively large, large and powerful rate gyros, so that they 
could be made so that they acted already on the slightest angular 
motion, and one of these three gyros, or let's say, one was for 
pitch motion, one was for yaw motion, and one was for roll 
motion, and the roll rate gyro was built in such a way that it 
should give a high jet vane torque when the angular velocity was 
reached which the stabilized platform could tolerate. So this 
was--it was not a bad idea. It looked like a workable solution. 
Not only to me, it must also have looked to the other people as a 
workable solution, and so nobody argued about that whole thing. 

NEUFELD: Okay. Can I interrupt you for a second, because it's 
getting a little bit beyond my ability to keep up. You have two 
gyros who--

MUELLER: --For the platform--

NEUFELD: --To stabilize the platform, and on the platform you 
had three rate gyros. 

MUELLER: Not on the platform. 

NEUFELD: Not on the platform. 

MUELLER: On the support for the platform, the housing. The rate 
gyros were, so to say, connected with the rocket. They were 
located on the housing of the platform. 

NEUFELD: Okay, and the rate gyros, the function of the rate 
gyros was to measure the angular rates in the three axes, how 
fast it was moving. 

MUELLER: Yes, it measured the angular rate. And as soon as the 
angular rate came up, the gyros started to precess, and again, 
there was a contact devised on the gyro which then switched in 
the control motors, which had to actuate the jet vanes, and 
counteract that whole thing. 

NEUFELD: On the A-3 you didn't have any aerodynamic vanes on the 
fins. 

MUELLER: No. There was nothing like that on the A-3. 



-MUELLER-15 

NEUFELD: The other question I had is, if you have the rate gyros 
measuring the rates and sending signals to the jet vanes in order 
to produce a counteracting force, I guess I don't understand the 
need for a platform in that case. What does the stable platform 
give you? 

MUELLER: Well, we are not through yet, the stable platform, 
that's a good question. 

NEUFELD: If it was stable. It didn't turn out to be. 

MUELLER: Ja. On the stable platform, normally you have angular 
pickups which indicate the position of the rocket in comparison 
to the stable platform, which is normally space fixed by the 
gyros, and you can use that pickup to control the attitude of the 
rocket. But here, Boykow was ahead of the time again. He did 
not want that angular pickup, he wanted also to measure the 
deviation of the rocket from its normal path, so he said, well, 
let's put on, on that stabilized platform, accelerometers, a kind 
of accelerometers, and these were not simple accelerometers, 
there were no accelerometers available anyway, but these had to 
be specially designed and made according to his plan. And there 
was one accelerometer which was just a mass which was restrained 
by springs, so when the rocket went off to the side, so, because 
there was the stable platform, there was a component of 
acceleration in the horizontal direction. And this component of 
acceleration would move that little mass out of its zero 
position. And this little mass was on a few rollers like a 
little carriage, and that whole thing was located on a larger 
roller, and that larger roller was built up in the same way, but 
it had much weaker springs and it had a vane which was moving in 
oil, as a damping so to say, and this, when you move a vane in a 
damping oil, you perform actually some integration, so the second 
accelerometer was an integrating accelerometer. It integrated 
the horizontal acceleration into the horizontal velocity. So 
what we were picking up now was the horizontal translatory 
acceleration and the translatory velocity. And both of these 
values were superimposed, because they were located on each 
other, and were picked up by electrical contacts. And this value 
was now let down to a torque generator on the precession axis of 
the corresponding rate gyro. So it was a mixture, so to say, 
where the two values were mixed, the value of the rate gyro and 
the value which came from the accelerometers to the torquer. 
And the sum up value went to the control system. So we 
controlled the rocket really by horizontal accelerations, by 
about horizontal velocity in that direction, and by the rate 
gyro. Instead of what we would do today for a simple rocket test, 
we would pick up the angular position of the missile and mix it 
together with the rate gyro, and use that, and leave the 
translatory acceleration and integration completely out. By that 
time, when you look back now, it did not make sense to try to get 
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the rocket back when it moved a little bit out of its normal 
course. We wanted just to see could the rocket be controlled and 
whether it could go up and how high it could go up. 

NEUFELD: The A-3 was designed just to go vertically, right. 

MUELLER: Yes. 

NEUFELD: It had no planned trajectory, the trajectory was just 
vertical. 

MUELLER: So one might say Boykow overdid it, you know. He 
wanted to put in too much by doing this, with these 
accelerometers. And there were two accelerometer systems, one in 
lateral and one in forward. 

NEUFELD: So you had to have a yaw and a pitch. 

MUELLER: Yes. 

NEUFELD: Accelerometers, in order to get the side--

MUELLER: Yes. 

NEUFELD: The side forces. 

MUELLER: The instrument, the whole instrument would have been 
much simpler and much more reliable if we had had only angular 
pickups on the platform. But as I said before, you know, it was 
Boykow's idea. 

NEUFELD: He was forward looking but maybe too ambitious. 

MUELLER: And of course, nobody else of course had the experience 
by that time to say, this is not practical, let's do it in a 
simpler way. None of us had it. So it's not easy to blame 
somebody for that thing. Now, this was the platform. Then on 
the control system, there were three motors. One motor operated 
the pitch axis, and the action was done by using a motor and 
driving a shaft and the shaft operated with a little worm gear on 
a lever mechanism and in the structure of the rocket itself, we 
had a few rods, hollow rods, you know which went down into the 
air fins, and the air fins were very, very narrow things. They 
were only maybe one inch or a little bit more than one inch 
thick, and in these fins we designed a little box which 
transferred the up and down motion of the rod again into a 
rotationary mode, by using a slot at an angle, and a lever arm 
operating in that slot, so when this rod moved up and down, then 
the lever turned and also the rudder. 

NEUFELD: So the fins did, the fins on the rocket? 
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MUELLER: They rotated. 

NEUFELD: The whole fin, not just --

MUELLER: Not the fin, just the jet rudder. 

NEUFELD: Oh, you're talking about the jet vanes in the exhaust. 

MUELLER: Yes. 

NEUFELD: Okay. 

MUELLER: In the fin was that little box. 

NEUFELD: Okay, which operated--

MUELLER: --Which transferred 

NEUFELD: --vertical motion--

MUELLER: --the up and down motion into a rotational motion. And 
then there came the shaft out, and on the end of the shaft was 
that little jet vane which was made by that time out of 
molybdenum and tungsten. 

NEUFELD: Molybdenum, I guess, and tungsten? 

MUELLER: Yes, which was very hard to work and very impractical 
you know to do anything, to give a good form or something like 
it. It could not be machined, actually. It was a sintered 
material. So these jet vanes were rotated, and on the pitch axis 
both were synchronized by one shaft which went to the control 
system up there. And for the other side, for the yaw, it was 
both values were superimposed by a differential gear, the roll 
value, and the yaw value. Well, for the yaw value, both jet 
rudders moved to the same side, but when you have a roll signal 
they have to move counter-wise, so this was superimposed by a 
differential gear, the roll motion, so we used four jet vanes and 
the one side controlled yaw and roll and the other side 
controlled pitch. Now, --there was no feedback in that system. 
It was like in an airplane. I should say also before we go any 
further, for the general understanding, that Boykow also had a 
small company on his own, and in that company he tried to develop 
autopilots for airplanes, and so Boykow, through this activity, 
was pretty good in knowing how airplanes are controlled and 
steered, and so he was thinking about the same thing, about the 
same lines with the control system of the rocket. You know, just 
when you need a thing up there or when you need a correction, 
just turn the rudder in that direction, and then you bring it 
back like you do with the airplane, you know. And when you are 
back in zero, well, then your signal is gone. So there were no 
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concerns about oscillations besides the rate gyro damping. 
Nobody was thinking by that time about what could happen really 
on the flight, under flight conditions. And on the other hand, 
also there were not enough and extensive wind tunnel tests or 
information from wind tunnel tests, so neither von Braun nor 
these other people, nor people in the whole company or so, had 
any ideas what really could happen, you know, --it was all done 
for low frequencies like it was normal on the ships. You know, 
our experience was with ships, and so if a signal was required it 
was controlled, it was counteracted by the action of the control 
motors. And the only thing what they did in the wind tunnel were 
to make sure that the rocket itself was flying under stable 
conditions, and this was done by Dr. Hermann, this man who is 
here now still, and it was done on small models. But I think 
even if it was stable, it still was not a good solution, what 
they had on the A-3. It was long and slender fins on the end, 
air fins. Now, --if everything would have worked right, and if 
no other disturbing effects would have been there, that thing 
probably could have worked fine. After these platforms were 
built and we tested them, in the laboratories of Kreiselgeraete 
GmbH, of course, we could not simulate the real conditions under 
flight, you know, what would happen when the jet really is there 
and you have the jet vanes moving and so this could not be done. 
And so it was simulated in a similar way like it was done in 
ships, by moving relative heavy weights from one side to the 
other side and creating torques, stabilizing torques. And for 
these disturbances which were brought on, it worked fine in the 
laboratory. There was no trouble, even that whole accelerometer 
system, which in this case were relatively small accelerations 
because you know it was just the motion which was introduced 
there, but it worked fine, it was all right under those 
conditions. 

NEUFELD: This was in the case of a static test where the whole 
rocket was suspended with the engine running? 

MUELLER: It was not the whole rocket. This was first the 
stabilized platform and the large inertia of the rocket simulated 
according to the rocket, supported in a gimbal system. And then 
after this, in 1937, these platforms were delivered to 
Kummersdorf, altogether there were seven platforms of that type. 
And in Kummersdorf they started now putting these platforms into 
the rockets which they had built in the meantime, the A-3 
rockets, and when everything was done, they went in test stands, 
and then here Kreiselgeraete and I myself helped a lot in that 
testing. We built the gimbal systems so that the rocket could be 
put into a gimbal system and tilted, in two axes, and with a 
third axis for rotation, for longitudinal rotation. So they put 
this thing in and started testing them out there, and the 
testing, first was done without operating the rocket, and later 
it was done with an operating rocket. And again, the platforms 
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performed. They did really the trick. They turned the rocket 
out to a certain angle, let it loose, and the stable platform and 
the control system with the jet vanes brought it back. It 
snapped a little bit over usually. It did not have very big 
damping, but it came back and brought the rocket in. The system 
worked under static conditions. So everybody seemed to be 
satisfied with the solution. And after they had tested all these 
rockets, they went in the fall, up to a small island, Oie. I 
think they went up with six instruments and one was a spare and 
wanted to fire and see what happens then. Then when these 
rockets were fired, they went straight up. Everything worked 
fine, except after a while, after some four or five seconds or 
six seconds, the parachutes came out, and the parachutes took the 
rocket and turned the rocket around and then it fell back, it 
stopped. So it was only a few seconds operating time. 

NEUFELD: Were you there? 

MUELLER: I was there, yes. 

NEUFELD: On the Oie. 

MUELLER: I was there on the Oie for about six weeks by that 
time. Now, after the first one, it was not completely clear, you 
know. There were different opinions, what happened really, so 
there was another one fired, a second one, and it was very 
identical, the second one. And now, by that time it became 
already a little bit clear, you know, what actually happened on 
that thing. But then the decision was made, there was still a 
possibility that parachute exposure could have come from 
somewhere else, so they decided to fire two more without these 
parachutes and let it drop wherever it would drop, and--but it 
was a very similar thing. Maybe it operated a little bit longer, 
and then it started to turn into the wind, indicating that the 
guidance system did not control the thing any more. Now, what 
had really happened was that the rocket when it was off the pad 
started to rotate, around the longitudinal axis, and the roll 
rate gyro operated against that, on the control rudders, but the 
control rudders were unable to produce the necessary torque in 
order to hold the rocket back. So the rocket rotated faster and 
faster, and finally the two stabilization gyros couldn't be 
torqued fast enough by the pneumatic system, you know. They 
couldn't follow any more. And if they couldn't follow any more, 
then the large angle of freedom was reached, the 30 degree angle, 
and then the whole platform tumbled. And since the parachute 
contacts were connected to the gimbal system of the platform., 
when the platform tumbled over, the contacts, the parachute 
contacts were actuated and the parachutes came out, and this was 
the end of the flight. 

NEUFELD: Two questions from that. Why was the parachute 
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connected to the platform? 

MUELLER: The idea was to go up, straight up to the culmination 
point. And then it was assumed that the rocket would turn around 
there, and the platform would still be standing there, and when 
the rocket turned around, the platform--

NEUFELD: --The platform would tumble--

MUELLER: --The platform would tumble, ja, and even if it would 
not tumble, the rocket would turn around. It's the same thing, 
you know, and the contact would be actuated, the parachutes would 
come out and then the whole thing would drop down on the 
parachute. That was the reason. 

NEUFELD: Now, I have a second question, and that is, what was 
the roll moment, what caused the rockets, the A-3's to begin to 
roll immediately? Was it just wind forces or something that set 
it off, made it start to roll, and then? 

MUELLER: I personally don't think it was much the wind. I think 
it was just the asymmetry in the structure. You know, if you 
have these long fins which they had on there, if there was just a 
little bit of asymmetry there, and it was not exactly in line 
with the longitudinal axis, it must have created a torque. And 
this torque could have been so tremendously big, in comparison to 
our control torque. Also, asymmetries in the exhaust nozzle 
could have caused torques. Let's say, we could produce three or 
four kilograms of force on the jet vanes. This was a 
considerable torque with regard to pitch and yaw, where we had a 
lever arm of about two or three meters to the center of gravity. 
But for the roll torque, we had the lever arm of only let's say 
three inches, maximum four inches. The jet was not more than six 
or eight inches wide. So we had only three or four inches lever 
arm, and maybe three or four kilograms of force, so this was 
about 10 centimeter kilogram per vane which we could produce to 
control that thing. And when you look back today, with such a 
small control force, to control a system which is six or seven 
meters long, and 70 centimeters wide and has vanes on the end 
which are two meters long--

NEUFELD: You mean the fins, yes. 

MUELLER: And nobody before, you know, before these things were 
fired, really was aware of these facts. And the thing was that 
in '34, by the end of '34, when they fired the A-2's, the A-2 had 
no fins at all and roll motions did not matter. These were, you 
know, just simple rockets. So they had no experience with regard 
to these roll moments and motions. With hindsight, we see that 
the area of the jet vanes should have been, should have produced 
a force of at least several times what was produced by that time. 
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So the control system, with regard to roll at least, was terribly 
under-dimensioned. And this was the reason for this failure, you 
know. But in the overall, of course, I did not consider 
everything really failures, you know, because we learned so much 
about it. The group which had no experience with that large 
rocket, you know, for these people it was a tremendous experience 
for the future, to look in now what happened really, and just to 
gain the knowledge what was wrong, is to a certain extent a 
success. 

NEUFELD: Right. 

MUELLER: Otherwise, if it would not happen on that one, it would 
have happened on another one. Or they would have had many more 
difficulties when they started the A-4, you know. 

NEUFELD: So it wasn't all unfortunate. It was in some ways very 
helpful. 

MUELLER: Ja. In my opinion it was helpful. And besides, of 
course, as far as the power plants and the rocket itself was 
concerned, they must have found out that this had worked fine, 
which was also a success in that direction. 

NEUFELD: Yes, the engine functioned at least reasonably well. 

MUELLER: And in the literature, when you read today some things, 
you know, well, some people say, oh, these were failures, you 
know, failures, what these people did in Kreislegeraete and--but 
in my opinion, it was just a natural thing. It had to go that 
way in order to find out what was necessary. 

NEUFELD: Okay. 

TAPE 2, SIDE 1 

NEUFELD: We just left off I guess where you had understood what 
was wrong with the A-3 guidance platform. 

MUELLER: Yes. 

NEUFELD: And I was interested in whether--Gerhard Reisig told me 
an anecdote on his interview that one of the ways that was 
discovered was that von Braun, they put the guidance system on a 
box or something that could be rolled, at Peenemunde, and had 
sort of twisted, given it a sharp torque to see whether the 
platform would be stable or not. Do you know that story? 

MUELLER: This was certainly not in connection with the A-3. Not 
with the A-3. It could have been done with the 5 rocket for 
instance. The 5 rocket was built a little bit differently from 
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A-3. The A-3 would have allowed only very limited turning, very 
slow turning around the longitudinal axis. It could have made 
full rotations, you know, if the gyros were torqued around with 
an angular velocity of not more than two or three degrees per 
second. 

NEUFELD: See, the story was, and this is what Gerhard Reisig 
told me, maybe you were not present or maybe his memory was 
faulty, it could be any number of things, he told me that after 
the A-3 failures, that von Braun mounted the A-3 guidance 
platform on boxes, on something that could be twisted, and gave 
it a sharp twist to see whether it would fail or not, and in fact 
was sort of able to demonstrate that way that too great a roll 
moment would throw the platform off, would cause it to tumble. 

MUELLER: Ja. Well, it is possible that he tried out what the 
limiting angular velocity was. I'm not aware of this particular 
test, you know, that he made it, but this could be done, you 
know. He could move it, as long as he stayed within that angular 
velocity, the gyros would just follow, the two gyros, but if he 
then goes faster and faster, the gyros cannot follow any more, 
and then they hit their stops and the gyro tumbles. Probably he 
has, that's possible, that they did such a test. 

NEUFELD: What do you remember about the immediate aftermath of 
discussions, after the A-3? How did you come to understand the 
problem, and what decisions did you make then? 

MUELLER: For me it was pretty clear what happened, you know. I 
saw that, and I think quite a number of other people came to the 
same conclusion later on. For instance, I know from Dr. Hermann 
who wrote a report about this time, he also explained it that 
way, you know, that the torques which we could produce around the 
longitudinal axis were not adequate enough. This is what he 
stated. Hermann, I don't know whether you know, he was a--

NEUFELD: --Yes, I know who he is--

MUELLER: --Aerodynamics, you know, he was the chief of the wind 
tunnel tests and he made the wind tunnel tests, and well, I think 
in the discussions with von Braun by that time, he agreed to that 
theory too, you know, that this was the cause, at least in 
contact with me when I talked to him. 

NEUFELD: 
problem? 

When did you decide that you knew that that's the 
Right after the last couple of launches? 

MUELLER: Yes. With hindsight we could see. If we had 
about all these things, we would have found out before. 
during all that time, when this was going on, there was 
who really worked in that area or thought in that area, 

thought 
But 

nobody 
you know, 
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that this might be a problem, these small forces which we could 
produce. The problem was simply we had the idea that that rocket 
would not rotate around the longitudinal axis, and if, then only 
with a very slow velocity. 

NEUFELD: So when then was the decision made to design a new 
guidance platform and a new rocket, the A-5? 

MUELLER: This was made a very short time after. By the way, it 
was by the end of 1937, when I came back from the Oie end of 
December, 1 37, and then January or latest in February, we made 
the decision to build this platform with the third gyro on. It 
gave more angular freedom. They also increased the control 
forces. This was one of the mandatory things. It was one thing 
which really came out there, and then, right there, the jet vanes 
were not made any more in the way the old ones were made, from 
molybdenum and tungsten. They were made from graphite by that 
time. And graphite was a material which could be easily worked 
and shaped, so any size and any shape could be made, and I would 
think, I don't know the exact value but I would think that such 
forces as could be produced by these new jet vanes were at least 
several times as much as the old ones. 

NEUFELD: How was that achieved? How was that increase in force 
achieved? You had heavier mechanisms, stronger servo motors that 
moved the vanes? 

MUELLER: Not so much on the servo motors, because then they made 
more tests by that time, and they found out where the center of 
pressure is located, and as long as you locate the center of 
pressure within the rotational axis, you do not have much of a 
restoring torque there, you know, which you expect on the motor. 
Only so when you produce a larger angle, then the center of 
pressure shifts, like under aerodynamic conditions in a rocket, 
you know, when you change your velocity or so or you change your 
angle, then the center of gravity--

NEUFELD: --Yes, the angle of attack changes. 

MUELLER: Yes. And this similar thing happens on the jet vane, 
and for that of course you have to do the dimensions of motor, or 
that the motor can overcome these forces. And this was 
successfully done, you know, on the next units. 

NEUFELD: The A-5 platform then had three rate gyros and three 
platform gyros. 

MUELLER: Yes, the A-5 platform had three rate gyros and had 
three stabilization gyros. It had a freedom around the roll. 
But basically, it was built up somewhat differently. The gyros, 
let's say we wanted to make it simpler, and we did not want to 
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use the pneumatic servo systems any more because this was, I 
would say, an ugly thing, with all these pressure jets coming out 
to stabilize the platform. And on the other hand, there were 
still no servo systems developed by that time, and the only, 
let's say the only amplifiers which were known were electron 
tubes, you know, which were not liked in rockets. 

NEUFELD: Vacuum tubes. 

MUELLER: And it would have been hard anyway to control motors 
with these tubes. So on the A-5 stabilizer, we did go another 
way. We selected larger gyros, and since the burning time of the 
power plant was only 45 seconds, we selected gyros which could 
just run out, you know, they were driven as long as the rocket 
was on the ground, and when the rocket left the ground, the gyros 
were running on their own momentum, and within 45 seconds they 
lost maybe 25 percent of their angular speed, and with that the 
angular momentum. But since we selected gyros which had, in 
comparison to the other gyros in the A-3 platform, about three 
times the angular momentum to start with, we still had high 
angular momentum even after burnout. 

NEUFELD: Okay, go ahead. 

MUELLER: We had a large angular momentum in these gyros, and 
therefore the gyros did not need a servo system. They could hold 
the platform for that time. They certainly would have gone out a 
little bit, but we gave them a freedom of about 30 degrees, to 
stabilize, and in all the times these platforms were flying, 
there was no failure known to be due to these gyros. So it was a 
very good idea, to simplify that and do this and use these large 
gyros. They would have been too large for later developments, 
but in the A-5, where we did not have accelerometers any more, 
you know, we did not have this accelerometer control anymore, we 
used only angular pickups, as the simplest thing which could be 
done, and so--there were not many disturbing torques on the 
gyros. 

NEUFELD: So there were no servo motors on that platform? 

MUELLER: No. 

NEUFELD: It just stabilized it on the basis of--

MUELLER: We went around that whole problem by just using heavier 
gyros. 

NEUFELD: Heavy large gyros that have enough stability by 
themselves. 

MUELLER: This was an old wisdom that came through the experience 
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of Kreiselgeraete, in ship building, you know. The success of 
Kreiselgeraete in all these ships and ship instrument 
stabilization and so was due to the large gyros which were used 
by Kreiselgeraete. 

NEUFELD: Right. 

MUELLER: In the Navy instruments. And so this was applied here. 
And of course, this A-5 platform had also three rate gyros 
located on top of the housing of the platform, and the rate gyros 
in this case were a little bit smaller, but we had progressed, 
you know, with the pickups on the rate gyros already so we could 
operate actually smaller rate gyros and give us the same effect 
on the pickup, like we had on that A-3. That A-3 platform was 
called the SG 33. And the A-5 was called the SG 52. And then 
the SG 52 had already a few other features on the control system, 
on the servo motors for the vanes down there. We had so to say a 
feedback. It was already on that vane system in comparison to 
what I explained before when Boykow just had in mind to control 
the airplane. It had already feedback, and therefore, we 
considered already to a certain extent oscillations in that 
system. And also the servo drives were improved. Again we had 
one motor for the pitch axis operating the two jet vanes for 
pitch, and the other for the yaw, again, superimposed on the roll 
and the roll motor in the control system. But the transfer of 
the motions into the fins actually in this case, in the A-5, was 
done by a gearing system. The servo motors were built on top of 
the platform, and on the side outside we transferred the motion 
by bevel gears and a rotating rod down this time into the fins. 
Also, the fins of the rocket were much shorter than on the A-3, 
and much wider, so we had ample space to build boxes in which 
could easily transfer the rotational motion of the downward rods 
into rotational motion of the horizontal shaft for the jet vanes. 
Now, on this platform, on the SG 52, it took about a year or 
almost a year to design that new system, and in 1 38--and the end 
of '38, these systems were built, the SG 52s, and I don't know 
exactly any more how many were built but it must have been 
between ten or twenty which were built in Kreiselgeraete Company. 
And then of course, after the first ones were built, we started a 
laboratory testing on these platforms, and this laboratory 
testing looked basically good, but it was a known fact by that 
time that rockets actually need pretty fast systems, pretty fast 
reaction systems in the control, and these motors which operated, 
even with rate gyros--there were even suggestions to use angular 
accelerations--and you couldn't go any faster. The motor just 
didn't do it, you know. So I came up with a new idea by that 
time, to use another kind of producing control motions by using 
magnetic clutches. This was a motor which drove a magnetic 
clutch. One side was running this direction, the other side was 
running in the other direction. It was made by a bevel gear. 
You know a bevel gear on the motor, on the drive coming from the 
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motor, which drove the one in the one direction, the other in the 
other direction? And these clutches were equipped with a center 
piece which could be moved magnetically either to the one clutch 
or to the other clutch, with a very small gap between, a gap of a 
fraction of a millimeter only, so that whenever a motion was 
required in the control system, there was no time loss, no time 
lag, you know. Immediately it could attach to that moving clutch 
and rotate the gear drive downward. And this system actually 
was, with regard to the speed, a much better system, but it had 
disadvantages. The disadvantage was that the motor, the drive 
motor, had to run all the time, even if no motion of the vanes 
was required, it had to run. And this required battery power, 
which in the A-5 rocket was provided when we used these platforms 
for only 45 seconds, and in 1938, after the first SG 52s were 
tested, we started right away to convert the control part of that 
platform to the SG 64, it was called SG 64 with these magnetic 
clutches, and then a number of these instruments were built with 
the magnetic clutches, maybe also eight or ten. And these were 
tested later on in the laboratory and also in Peenemunde, SG 52s 
and 64s were all delivered to Peenemunde, and all the tests were 
made already in Peenemunde on these platforms. In 1939, I 
believe by the end of 1939, the first A-Ss with the 
Kreiselgeraete control system, guidance and control system, were 
fired. But I don't know the exact dates any more--but whenever 
they were fired, they were successful. So it is not known to me 
that one of the SG 52s or SG 64s was a failure. They were all 
working fine. 

NEUFELD: So the first--! had a small question, was SG 
Steuergeraete? 

MUELLER: Yes, it was a short form of Steuergeraete. 

NEUFELD: How were the numbers determined? 

MUELLER: This was a numbering system which was used in 
Kreiselgeraete whenever a new system was built, including the 
navy and air force and whatever came up, it had the next number, 
you know so, 33 was in 1935 and 52 was in 1938 so during that 
time you can say there were so, so many other Steuergeraete, some 
kind of Steuergeraete for the navy or something. 

NEUFELD: So the SG 52 was used for the first A-Ss. 

MUELLER: Was used for the first A-Ss. 

NEUFELD: And then your variation on that. 

MUELLER: Ja. 

NEUFELD: The 64? 
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MUELLER: It was 64. 

NEUFELD: Was introduced when? 

MUELLER: Was introduced somewhere in 1940. And I think the high 
of the firings with SG 52 and 64 was in 1940. This was when most 
of these instruments were fired and tested really. 

NEUFELD: A number of questions that I had on this. One was, was 
the only difference between the 52 and the 64 the magnetic clutch 
mechanism that you incorporated, or did you do other things? 

MUELLER: Ja, that was the main thing. Now, when these systems 
were tested in Peenemunde, then there came a proposal from 
Peenemunde to add another small rate gyro to the rudder drive 
itself, and so this little rate gyro introduced the angular 
velocity of the rudder drive, and they suggested to use this for 
damping purpose, and we built that in, into the SG 64. But it 
was actually a feature which came out of the practical 
experience. Well, it had helped really. Peenemunde performed 
later on testing of these instruments, the SG 52 and the SG 64, 
to determine the suitability for what they called the Wasserfall 
project, if you are aware of that. 

NEUFELD: Yes. 

MUELLER: Which was an anti-aircraft ballistic rocket. And 
naturally such a thing requires a completely different response 
on the control system, because it has to maneuver somewhat which 
the other rocket doesn't do, you know. The other rocket is just 
straight up, or--

NEUFELD: --curving on a trajectory. 

MUELLER: Curving, ja. And so they made basic measurements on 
the two systems and basic tests, and they determined that the SG 
52 was not really suited for that purpose. It was too slow, as I 
said before, but it was good for the A-5. It was too slow for 
Wasserfall. But the SG 64 met their requirements, so they stated 
in their investigation report in Peenemunde. So this showed 
really the improvement, which was in there, even if it was not 
required absolutely for the A-5, it was a good feature. 

NEUFELD: So was that the platform that was incorporated into the 
Wasserfall, the 64, on the tests that were done? 

MUELLER: It was not operated in the Wasserfall, it never came to 
bear really. --I have an old report here from Peenemunde which 
actually shows when that was, when they made these tests. Maybe 
it was 1941 or 1 42 when they made investigations about that 
Wasserfall, because they had the SG 64 and the SG 52 there, they 
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made the investigations on these things. 

NEUFELD: But in the test launches of Wasserfall, in 1 44, early 
'45, what did they use? Did they use your SG 64? 

MUELLER: I don't think so. I really don't know about what they 
used on their tests. It would also depend for what purpose they 
made these tests. You know, whether they wanted just to test the 
mechanics of the Wasserfall itself, or whether they wanted really 
to guide it, or needed really a guidance system. I'm not aware 
that somebody else built real guidance systems for Wasserfall. 

NEUFELD: We're getting a little far ahead in chronology. As far 
as the systems developed then, so Kreiselgeraete was involved in 
A-5, in building the SG 52 and then later on you tested the SG 
64. 

MUELLER: Yes. 

NEUFELD: At the same time or after the A-3, I gather that they 
also brought in Siemens and started a parallel investigation of 
what their system would do. Do you know much about that whole 
story? 

MUELLER: I know a little bit about Siemens. I think they talked 
to Siemens earlier already, you know. But I don't know why 
Siemens did not come up earlier with anything. This I don't know 
really. But the first time Siemens appeared was by the end of 
'39, and by that time, they did not have a real guidance system 
which was designed for that purpose. It was just, they just took 
airplane gyros on their first system. And as far as I know, out 
of that time they used Askania rudder drives. But again, here I 
don't know about the details. Peenemunde did a lot of work on 
the control system for the A-4, in Peenemunde direct, to improve 
the control systems. They were not interested in building 
platforms or doing something in the platform, in that area, but 
they were very eager to produce a control system, which was the 
right thing to do. Nobody else could do it really because they 
had the rockets there, and this was the only place where they 
could make this, and integrate that whole thing really. So 
already on A-5, in spite of the fact that Kreiselgeraete built 
that whole thing in the Kreiselgeraete system, Peenemunde built 
already that control system, as far as Siemens was concerned. 
They were somewhere involved, on the Siemens deal. And besides 
Siemens, there was another company. That was Askania, by that 
time. Askania also had a contract to develop a gyroscope and a 
control for the A-5. I knew the man who did this work in 
Askania. His name was Moeller. I met him a few times and I met 
him also in Peenemunde, so I knew about which way they went. It 
was different from what we did in Kreiselgeraete. It was a 
different system. Again, they did not build a stabilized 
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platform. They tried to do it similar like in an airplane, 
single gyros. And--

NEUFELD: Just one question. What was the first name of Moeller? 
At Askania? 

MUELLER: The first name, I don't know it, but the name was 
Moeller. I also knew one of his men, but I don't have his name 
any more. It's just so many years ago, you know, years between 
that we did not think about these things any more. Ja. This was 
Moeller. But to my knowledge, there was never an A-5 flying with 
a Moeller system. They made tests simply in Peenemunde, and I 
think they made tests only around one axis. They never came to a 
complete system at that time, because in the meantime then the 
Kreiselgeraete system was here and it worked fine and maybe 
Peenemunde was not so interested any more in doing these things. 
And to come back to Siemens, Siemens as far as I know had made a 
few tests, and this led actually to flight test with their 
airplane gyros in '39. But obviously Siemens was not so much 
interested in the A-5 at all. What they wanted to do was to 
build a simple system for the A-4, so they must have gone out 
more to the A-4, and they used the availability of the A-5 to 
make a few pre-tests for their system which they used later on in 
the A-4. And I also knew that man from Siemens. I met him once 
in Peenemunde. His name was Fieber, Dr. Fieber. And I met two 
other people from Siemens and I don't have their names any more 
either. But then, after that, I had no contact with Siemens any 
more, because Siemens did go a completely different way in their 
development. While we developed then further the three axis 
platform, and Siemens had then in mind to do something simpler. 
Siemens was a big company which was interested in manufacturing, 
and they probably wouldn't have done the thing like we could do 
in Kreiselgeraete, to go really through all this. 

NEUFELD: An advanced system, a complex advanced system. 

MUELLER: In Kreiselgeraete, by that time, all that I explained 
so far, up to 1938 or so, Kreiselgeraete was not really a 
manufacturing, a large manufacturing company. Later on with 
regard to gyros it became a large manufacturing company. It 
manufactured later on small gyros by the thousands. For 
instance, they made these small gyros which were used in 
airplanes. I think all the airplanes had gyros from that. 

NEUFELD: Autopilot gyros? Or? 

MUELLER: No, these were not really autopilots, but these were 
the directional gyros and the rate gyros, and all that was used 
in airplanes by that time. And so they manufactured then these 
gyros in large quantities. But before that, when we built the SG 
33 and the SG 52, these were built in smaller workshops, not in 
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the bigger manufacturing plants, in order to be more flexible. 
And I had for a few years a priority on these workshops, so--I 
had a possibility to advance these systems really and do it in a 
relatively short time, because when you have only let's say one 
and a half years or so, for a new design of a gyro stabilized 
platform, and the whole control system, the vanes, everything, 
and you have to design that whole thing and build it and make 
laboratory testing and do all this and deliver it in one and a 
half years, this is quite a job! So you have to be flexible in 
all areas, and this was possible in a company like this. It 
would not have been possible in Siemens. Unless they would have 
built a little small company just to do that thing, which they 
probably wouldn't have done. The Siemens system finally, which 
they came out with, used two gyros, one gyro for pitch and the 
other gyro for yaw and roll, which, from an accuracy standpoint, 
is not a very good solution, because every error which you 
produce in yaw, so to say, is right reflected into the roll, 
because this is only one gyro, and when you produce an error 
torque in roll, the gyro precesses around the yaw axis in an 
error, and so this is not a system which could be used for 
rockets that really go out for a longer flight time, or for a 
good inertial system because it could not carry accelerometers. 
It was impossible to do that. But they must have concentrated on 
that thing because Peenemunde wanted, or Peenemunde or the 
government wanted later on large quantities, and it was used as 
a--

NEUFELD: --Yes, they wanted it in a big hurry too, I guess. As 
soon as the war began, Dornberger wanted to build the A-4 as 
quickly as possible, so they were in a big hurry. 

MUELLER: Yes. 

NEUFELD: Do you think that's why they went to Siemens to build 
this sort of basic system that was used on the A-4, was that they 
were in a big hurry to have something to work right away? 

MUELLER: When they started with Siemens, they probably thought 
about that big capacity, which siemens had. In the final system 
of Siemens, what Siemens had, there were only the two gyros with 
one gimbal ring each, really, with the gimbal gyros. The rudder 
drives were actually systems which they used from Askania, which 
Askania used and developed for their airplane rudder drives. 

TAPE 2 1 SIDE 2 

NEUFELD: Now, if we can figure out where we were before we 
stopped--

MUELLER: I think we had talked about that Siemens system, and 
how far Siemens was involved, and I think I said that Siemens had 
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that two gyro system, and there were other types, actually, 
Askania systems, as far as I know, and then what belonged to the 
guidance really was the mixing of the signals, and the rate 
gyros. The rate gyros were also used at the very beginning by 
Siemens. Kreiselgeraete used them all the time. But then 
Peenemunde came along, and developed a system where they used 
only the attitude pickups and used electrical differentiation, 
and in this way they could eliminate the rate gyros. And then 
they put all these values together, and called that instrument a 
mixing computer, and mixed these signals together, and also took 
care for the superposition of the roll and yaw control because 
even in later developments, there were only four jet vanes in the 
A-4, and so this had to be mixed together, and this was what they 
called mixing computer, and this was developed, as far as I know, 
by the Peenemunde group. 

NEUFELD: This was the Mischgeraet. 

MUELLER: Mischgeraet, mixing computer, Mischgeraet, yes. 

NEUFELD: And that was primarily developed by Helmut Hoelzer. 

MUELLER: Oh, Helmut Hoelzer was the main man in that area, and 
he had another man, I believe, Hirschler was active in that area. 

NEUFELD: What was his name? 

MUELLER: Hirschler. He worked with Hoelzer as far as I know. 
So what Siemens really did was the structural elements of the 
gyro system, of the two gyro system later on. 

NEUFELD: So in the Siemens system that was developed for mass 
production for A-4, V-2, it only had the two main gyros, the so 
called Horizont and Vertikant, and no rate gyros at all. 

MUELLER: No, later on no rate gyros any more. They used the 
rate gyros, as far as I know, only on their first tests. They 
used them in 1 39 when they used the airplane gyros for 
stabilization and then they might have used them in laboratory 
tests or so in the very beginning of their two gyro system, but 
later on, under flight conditions in the A-4, to my knowledge 
there were no rate gyros used any more. And I think I know about 
that because of the Kreiselgeraete effort. When we started to 
develope the platform for the A-4, which was called SG 66, we 
also developed at that time the control system, which was 
basically like the control system in the A-5, except it was a 
more powerful one, because the jet vanes were larger, it needed 
more power, and it was not connected any more with the stabilized 
platform, but it was separated, and was located in the Heck of 
the--rocket 
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NEUFELD: --In the tail--

MUELLER: In the tail, yes. And this was--well, one might say a 
little bit ugly construction which was made there, because in the 
Kreiselgeraete system, we had no mixing computer at that time. 
We still mixed the values together in the old way, like it was in 
the A-5, withe the rate gyro and with the torquer, which was 
influenced by the attitude pickup of the stablized platform and 
the so-called Rueckfuehrung, the position of the rudder. These 
values were mixed together on one place and this was actually the 
rate gyro mounted with the torquer directly on the rate gyro. 
And so there was no easy synchronizing of the both rudders which 
had to work together, and the only thing we could do was a 
mechanical connection between the two rudders, and this 
mechanical connection was made in the form of a large ring, which 
could move, turn around the power plant, so in the end part of 
the rocket, there was a cylindrical part mounted, and on that 
cylindrical part were three bearings, so to say. This was a kind 
of ball bearing but not the usual one, but one which had a very 
large diameter, in this case a diameter of at least two feet, 
maybe even a little bit more, so that could be put around the 
nozzle of the power plant from the back, and these rings which 
were used had some two gear connection with the actual rudder 
drive on the one side, and a similar connection by gears on the 
other side, so when that motor which was built in one so-called 
control box together with the rate gyro and with the torquer, 
when this motor operated, it turned one vane, let's consider it 
the pitch axis for instance, and at the same time, it turned 
around that ring around the power plant, and the ring turned on 
the other side the second vane. So a huge ball bearing with a 
very thin ring. 

NEUFELD: Was this a flight model? 

MUELLER: No, it never came to flight. This was just what we 
did, what we built, and I think we have built about three models 
of that thing, and delivered them toPeenemunde. And I think they 
made tests, laboratory tests. That thing doubtless has worked, 
but it was not the best solution at that time any more, because 
by that time Peenemunde had already in development these mixing 
computers, and could make synchronizations without such a 
mechanical link which we had in form of such ball bearing links. 
And the second disadvantage of this system was, it was operating 
with motors and magnetic clutches, but since here, in comparison 
to the A-5, we had a much larger torque to produce, we had larger 
magnetic clutches and we had a larger motor. It was a real good 
sized motor. I think that motor was at least three or four 
inches in diameter, a DC motor, and maybe six inches long. So 
this motor consumed a lot of power, and since it had to run all 
the time while the thrust was produced in the rocket, we needed 
three motors, one for pitch, one for yaw, one for roll. This 
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would have meant a lot of power, a lot of batteries. It couldn't 
be done by one battery or two batteries which they normally had 
in the A-5. So this was the second reason why Peenemunde made 
all effort to use another kind of synchronization in their mixing 
computer. And then of course with the mixing computer they could 
use the existing hydraulic rudder machines, single ones, and they 
used four in this case, four rudder machines and synchronized 
them, and mixed the signals together for roll and yaw. 

NEUFELD: Now, of course on the A-4 you have a further 
complication, in that you have four aerodynamic vanes as well, 
right on the fins. You also have to power, you also have to 
direct those four aerodynamic control surfaces on the--

MUELLER: I think they had later on some air vanes, some parts of 
the large air fins which could be moved, and they were connected 
to the drive of the jet vanes, but I think this was only 
necessary for the maneuverability with high velocities. They had 
no effect anyway on low velocities. Air vanes don't mean much on 
low velocities, so in the beginning of the flight, the A-4 was 
stabilized completely by the jet vanes. And on our system, on 
the Kreiselgeraete system, we had actually three of these rings 
down there, these ball bearing rings. One was for pitch, one was 
for yaw and one was for roll. And then we used the whole system 
with the differential to superimpose the roll signal with the yaw 
signal, in two differential gears on the outside of these rings. 
So in principle, it was the same system like in the A-5, except 
more powerful, larger, and because we had to move into the Heck 
part of the rocket, we needed these large synchronization rings. 
These ball bearing rings. But it went never into production. 
Only these three prototypes were built really. Then we could 
concentrate on the development of the gyro stabilized platform 
for the A-4. And with the experience now of the A-5, we were a 
little bit further ahead, and we decided then to go back again to 
somewhat smaller gyros, and drive these gyros during the whole 
flight period. So there was again an inverter required during 
the flight for the gyros. But by that time, the requirements for 
the stabilized platform on the A-4 were now a little bit 
different from the A-5. For the A-4, it was required or 
Peenemunde required the development of accelerometers again, in 
order to provide better range control. The A-5 did not have 
something like that at all. The A-5 actually had a tilt program 
turning the A-5 into a firing direction, and we had built this 
in, into the stabilized platform of the A-5, but nothing was 
measured in flight direction, no accelerometers. A-4 made real 
sense only if there was an accelerometer or accelerometer 
integrator incorporated in the system, and therefore, the idea 
was now to build a stabilized platform which could carry at least 
an accelerometer pointing in range direction and the necessary 
integrators. And normally a second integration is required. The 
first integration gives velocity, and the second integration 
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gives the distance. There was already an old Boykow idea to use 
a gyro as an accelerometer, and integrate in the gyro also 
velocity, and perform a second integration with some mechanical 
means, and one of these means was what we call the ball-and-disk 
integrator, the mechanical integrator, it was already around 1938 
or '39, when I did some work on such a gyro, with relatively 
large gyros, and--then in 1940, 1 39 and 1 40, when we started to 
come up with the platform for the A-4, this problem became real 
acute, and especially the platform had to be dimensioned in such 
a way that such an instrument with a double integration could be 
placed on the platform. So there were lots of requirements on 
that platform really, in comparison to the old ones, and I 
decided by that time to build a platform which would actually 
consist out of two hemispheres, connected by a mounting plate. 
The one hemisphere was used for the gyro stabilization, and the 
other could be used for accelerometer integrators, and it might 
even be possible to put a small integrator on for a sidewise 
integration. And of course, then, there were always the means 
necessary to produce the tilt program in the stabilized platform 
and the alignment system. Now, of course, when you start such a 
thing, not everything is known right away. You don't know how 
big that will be. It requires lots of time and considerations to 
make such a design, to select all the right parameters for all 
these elements which come in. So we decided on a gyro type which 
was about the same size as in the SG 33, but running all the 
time, and they were mounted on that one side of the mounting 
plate of the platform. Naturally on that platform with the 
smaller gyros we needed now servo loops for the gyros. The servo 
loops were still not far developed, so the servo systems which we 
used were still very primitive and simple things. The gyro 
operated on electrical contact with two steps on each side. This 
was a kind of sprin mechanism. First we gave the first step, and 
if the torque produced was not enough to support the gyro, then 
the gyro could operate against the slight spring and move a 
little but further to a second contact. So we operated that 
servo motor in two steps, right and left, right or left. And the 
servo system itself was just a little DC motor with a permanent 
magnet in so that we could switch it easily back and forth in the 
armature, and that servo motor was geared with a gear ratio of 
approximately one to twenty or so, and built direct on the gimbal 
axis for all three axes. And the gimbals had pickups, two or 
three sets of pickups for each axis. One was for measuring 
purpose and the other was for control purpose and one was spare 
or was not used at all. And that whole gyroscope was built in a 
spherical way. The whole thing was a sphere, and by not having 
the accelerometer integrators at that time, we just put in a 
little stem on the other side of the mounting plate with a 
counterweight which balanced the three gyros, and the instruments 
which were built were all built that way without the gyro 
integrators. And then for the tilt program, we selected a small 
motor, a DC motor which operated through a gear and finally was 
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able to pull on the inner gimbal ring against the inner plate, 
pull the gimbal ring forward, with a steady velocity which was 
reached by some kind of a curve on the drive, so that we created 
a turning velocity of about three or four degrees per second. 
And of course that program was adjustable. It could be adjusted 
within a certain range, maybe from 35 to 45 degrees, whatever was 
necessary then. So the platform seen altogether was a four 
gimbal platform. The outer axis was a pitch axis, the second 
axis, 90 degrees, was a yaw axis, the third one was vertical 
which was the roll axis, and this third gimbal ring contained 
then this mounting plate which was again supported to a large 
ball bearing, not of conventional ball bearings, again, one of 
these specialized relatively large ball bearings. 

NEUFELD: It's not a sphere, this ball bearing? It's just a 
ring? 

MUELLER: Ja. See, there's a plate, and the plate carries a few 
wires which are considered the inner race of the bearing, and 
then there are a number of balls distributed around that whole 
ring, and the outer ring is a relatively small ring which carries 
again two hardened steel rings which contact the balls. So it's 
a kind of a makeshift ball bearing. But it worked fine. This 
was a pretty good solution really. 

NEUFELD: Okay. I didn't really understand the fourth gimbal 
ring. You have the pitch which is the outer ring. 

MUELLER: The pitch was the outer, and the yaw is the second one. 

NEUFELD: Okay. 

MUELLER: The roll was the third one. 

NEUFELD: Was the inside. 

MUELLER: That roll ring there was another gimbal ring which 
carried that wire bearing, call it a wire bearing, and in that 
wire bearing was a plate, a mounting plate, so the axis of that 
mounting plate was the fourth axis which was in line with the 
pitch axis. And on that mounting plate were the gyros on the one 
side and the other side was reserved for the--

NEUFELD: --Accelerometers--

MUELLER: --Accelerometer integrators. And on that one side, 
there was a turning motor mounted which could turn the gimbal 
system, the complete gimbal system around the mounting plate in 
the firing direction. 

NEUFELD: Okay, so that when you had this pitch program, that 
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pitches the missile, the outer pitch ring, gimbal ring is moved? 

MUELLER: No, the whole gimbal system. 

NEUFELD: Or the pickup to that ring moves? 

MUELLER: When the pitch program started, that little motor 
inside started, and that motor was connected with a string, see, 
and this string turned the whole gimbal system around, the fourth 
gimbal. Only the mounting plate and the gyros remained space 
fixed. 

NEUFELD: Okay. 

MUELLER: And when the fourth gimbal turned, the whole gimbal 
system had to turn around. So the roll axis, which was the 
vertical axis, was actually turned around, physically turned 
around into the flight direction. And the roll axis finally on 
the end of the program was under let's say 45 degrees. And then 
of course, the yaw axis and the pitch axis had to turn around 
too. 

NEUFELD: Because the roll axis was essentially the longitudinal 
axis of the missile, and so as the inner ring of the plate is 
tilted, 

MUELLER: --Ja, the whole gimbal turns around. 

NEUFELD: The whole gimbal, and that sends signals to the control 
surfaces to pitch the missile so that the--

MUELLER: --The pickup, electrical pickup on the pitch axis was 
actuated when the gimbal started to turn, to turn against the 
rocket. And then this signal went through the mixing computer or 
whatever you had, in our system it was the torquer, and was 
finally producing a turning of the rudders. And then the whole 
rocket turned around in that direction. 

NEUFELD: Right. How was that done with the--do you know how 
that was done with the Siemens system? Because then you don't 
have a stabilizing platform. 

MUELLER: No, Siemens did it a little bit differently, on their 
pitch gyro. This was a gyro which stabilized only one axis, the 
pitch axis. It had a potentiometer pickup, you know; the 
attitude which was given there was on a potentiometer and this 
potentiometer was mounted on a geared round plate, and was geared 
to a motor, and at the corresponding time that motor started to 
run, and turned, so to say, the potentiometer around. 

NEUFELD: So the missile detected a--



-MUELLER-37 

MUELLER: --It detected a pitch deviation--

NEUFELD: --A deviation in pitch--

MUELLER: --Between rocket and gyro, and then the rocket was 
controlled by the vanes and turned around too. This was a thing 
which you could do on a gyro like this, you know, on a single 
gyro, but on a stabilized platform, you had to turn the whole 
gimbal around, because the gimbal could have had somewhat other 
orientation, because of oscillations in the missile, and you 
wanted to do the turning exactly in the firing plane, so it had 
to be done on the stabilized part. 

NEUFELD: I also had a question regarding comparison between your 
system and that simpler and probably less accurate system of 
Siemens. When they took the rate gyros out, what did they 
substitute for measure of the rate of deviation? 

MUELLER: They substituted the rate gyro by an electrical 
differentiation 

NEUFELD: How does that work? 

MUELLER: Well, the control pickups, the attitude control. When 
the rocket turns, it gives a value which is an increasing value, 
so the voltage which you pick up is increasing and represents the 
angle. And in an electrical circuit you can differentiate that 
voltage. And this differentiation is the angular rate. It's the 
same thing what the rate gyro measures. Then if the rocket turns 
slowly, you have small output on the rate gyro. If it turns 
fast, you have a strong output on the gyro. And the electrical 
differentiation gives you the same. If you turn fast, you get a 
large value, and if it turns slowly, you get a smaller value. So 
this is a thing which is common today. Today it's common in 
electrical circuits to perform differentiation. You can also 
perform integrations today, to a certain extent, in capacitors. 
And this was one thing where Peenemunde pioneered the theory, 
that electrical differentiation. And with that I think they had 
another advantage. As we did it, for instance, we put the rate 
gyro on the end of the rocket, close to the power plant, where we 
might have had strong vibrations. It was not any more like the 
A-5 where we had the rate gyros on the stabilized platform at the 
front of the missile. Here they were on the end of the missile, 
where there were strong vibrations, and these vibrations could 
have affected the rate gyro really, because the rate gyro could 
have responded to the vibrations, could have started internal 
vibrations which would have required some kind of damping means. 
It probably would have been solved, you know. But by using 
electrical differentiation, this was not necessary any more, so--

NEUFELD: Does that mean that that delivered as good an accuracy 
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level as your more complicated platform, for the rates, or wasn't 
it, do you think it was not as good at that stage? 

MUELLER: Actually, the accuracy of the whole rocket would not 
depend much on the rate gyros. 

NEUFELD: Right. 

MUELLER: The rate gyros are in only to give stability in the 
control system and damping. And this means that the control 
signal which is given has a certain forward tendency. You know, 
like when you consider the whole oscillation, the sine curve, if 
you differentiate the sine curve you get again a sine curve which 
is just time-wise a little bit ahead, ahead of the real, and so, 
the signal for the control rudders is just a little bit ahead in 
time, which means it gives more damping in case of tendency to 
oscillation in the system. But whether you use electrical 
differentiation or gyro differentiation, if they function, that 
would not matter. It only matters how strong the signals are. 
And of course, if you have amplifiers available, you can make the 
signal from electrical differentiation as strong as the signal 
from a rate gyro, by amplifying the signal. And in this case, 
this was one thing which we did not dare to do really. 
Peenemunde used electron tubes for amplification in the mixing 
computers, so they did go away from that original idea, not to 
us .... 

NEUFELD: Okay. That certainly is helping me to understand 
better what the function of the rate gyros was. So the rate 
gyros effectively were to get a better control response. 

MUELLER: Better control response, yes, that is said right, to 
get an earlier control response. 

NEUFELD: Yes, go ahead. 

MUELLER: And of course you can mix the signals as you want, you 
know. YUou can make this part larger or you can make the other 
part larger, while the accuracy only depends on the attitude 
pickup. If your attitude pickup is so that it gives you a high 
value for very small angle of deviation, then you have a faster 
response back, you know. Or if it is very low, then your rocket 
can go out quite a few degrees before the response is really set 
to turn it back. And in the mixing computer, it was very easy to 
change these influences, to make the attitude control stronger, 
to make the rate gyro control or the differential control weaker 
or vice versa, whatever you wanted to do. This was one advantage 
of the mixing computer. While in our system, you could not 
easily change these things. It was a mechanical electrical 
system. Either you had to change the impulse of the tyro, or you 
had to change the torquer effect of the torquer or the pickup 
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system mechanically. So they were on broader basis on the 
control system with their system. 

NEUFELD: So that was really an analogue computer of some kind, 
the Mischgeraet. 

MUELLER: Yes, it was adding, subtracting and differentiating of 
certain signals, adding together and subtracting of, ja, whatever 
was necessary, you know, this way or this way. 

NEUFELD: Okay. Do you think that that move towards more of an 
electronic system, an analogue mixing computer, was that, did 
that mostly come from Peenemunde as opposed to siemens? 

MUELLER: In my opinion, it came from Peenemunde. See, for 
Siemens it would have been as difficult as for Kreiselgeraete to 
really do something on the control system. You know, if you are 
not direct connected with the control system and with the test 
stands, so you can find out the parameters and how far you can go 
or how far you cannot go, you know--this is directly interwoven 
with the tests, and I don't think that Siemens could have done 
this, unless they would have had people which were constantly 
staying up there in Peenemunde and doing this, you know, in 
Peenemunde. So they must have done it in cooperation with the 
Peenemunde people which did it. 

NEUFELD: See, this brings me to another question that I had 
meant to ask, and that is, it appears that some time around 1939 
approximately, that Peenemunde launched its own electronics and 
guidance laboratory, that they built a significant electronics 
and guidance laboratory, and Steinhoff came in as the head of 
that. 

MUELLER: Ja. 

NEUFELD: That larger electronics--which sort of gave them more 
in-house capability to deal with these things. 

MUELLER: Ja. 

NEUFELD: That way, these ideas--

MUELLER: --This is right, they did this. But I think this was 
limited more or less to the control system. Not to the gyro 
system itself. If they would have done work on the gyro system 
itself, then I would have been aware of it, you know. They would 
have told me one day, "We have our own system" or "What do you 
think about that?" or so. But I know nothing that Peenemunde 
ever built a gyroscopic platform. 

NEUFELD: Right, no, I have no evidence of that either. 
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MUELLER: I know they did a tremendous amount of work on the 
control system, and the main thing of that control system what 
they did was that mixing computer. This made it possible. 

NEUFELD: Which of course got them into dealing much more with 
electronics, vacuum tubes. 

MUELLER: Ja. Ja. 

NEUFELD: As you were saying. That was something that neither 
you nor Siemens would really want to get involved in. 

MUELLER: Ja. 

NEUFELD: Or have the expertise to get involved in. 

MUELLER: Ja, we didn't like to use vacuum tubes and we never 
used them in any systems, not even in the navy. They were more 
or less forbidden. 

NEUFELD: Why was that, they were fragile? 

MUELLER: Because of reliability. You know, a vacuum tube could 
burn out. And in addition it was still a relatively clumsy 
system, especially if you needed power on the end, if you need a 
power output to drive a motor, you know. Well, in an audio 
system where you have very weak currents, a vacuum tube was fine, 
but if you drive a motor you needed parallel tubes or large 
tubes, you know, for the current. 

NEUFELD: Otherwise you wouldn't have the power output. 

MUELLER: Otherwise you wouldn't have the power output. 

TAPE 3 1 SIDE 1 

NEUFELD: Now, where were we? 

MUELLER: We just talked about this amplification and these 
problems, you know. This reminds me now about what Askania did. 
I told you before, Askania was also engaged in building for the 
A-5 a system, and Askania faced actually the same problems as we 
faced in driving such a motor, you know, which should operate the 
vanes, jet vanes. And while we found a solution with carbon 
disks, which we put together, and pressuring with the lever arms 
these carbon disks it gave more or less voltage, whatever the 
pressure was. The voltage was depending on the pressure. And 
Askania was looking for something like it or something which they 
could do, and they came to another solution, and I think it was 
one of the drawbacks which they had in their control system. 
They used a Leonhard amplification. I don't know whether you are 
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familiar with that system? In order not to control high currents 
with their rate gyro or with their torquer or whatever they had, 
they controlled only the current of the excitement of an 
electrical generator, and then that electrical generator was 
driven by a larger motor which was constantly running. And when 
they changed a little bit the excitement of the generator, the 
generator was able to put out a corresponding high current. 
Usually the excitation current is only one-tenth or one-hundredth 
of what the output current is which you get out of a generator. 
So they used such a system to regulate the excitation of the 
generator, and finally what the generator pulled out they fed 
into the control motor of the rudders. Now, see how complicated 
such a thing is? You have a constantly running motor. You have a 
generator which is regulated from the outside, and the generator 
is driving the control motor, and you need that whole arrangement 
three times, so you have nine little engines in that one set. 
This was obviously one of the drawbacks which Askania had. I 
have still a little sketch here of one of these Askania 
principles, you know, which they used. So these were all the 
problems by that time, you know. The servo loops and the control 
technique, you know, how could you control something, how could 
you amplify? These were real problems in the whole development 
at that time. 

NEUFELD: The Askania system was only tested on the ground, as 
far as you know? 

MUELLER: As far as I know it was only tested on the ground, it 
never did fly. 

NEUFELD: Not even on the A-5. 

MUELLER: Not even on the A-5. It was tested on the ground while 
the A-5 development went on. 

NEUFELD: Gerhard Reisig also mentioned that at some point, the 
German navy had come along and said that their control system for 
torpedoes might be used. Have you ever heard of that? That 
would even be a fourth possibility, when they were looking at 
what guidance system to incorporate in A-4. Do you know anything 
about that? 

MUELLER: No, I don't know it this way around. I don't know the 
navy proposed to use something like this in the rocket. It also 
would not have been a good thing. I don't think so. But from 
the other side, I remember that I was once asked by the navy, and 
with Dr. Gievers, you might have heard that name before. 

NEUFELD: Yes, I have. 

MUELLER: Dr. Gievers was in Kreiselgeraete and headed the 
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development in the later years. And with him together, I was in 
Wilhelmshaven and the navy by that time was looking for 
improvement on their torpedoes, and that was the reason we were 
there. So it was just the other way around. But this does not 
exclude that some other place, you know, once made such a 
proposal, but I think it wouldn't have--

NEUFELD: Yes, he said that they very quickly decided, I mean, I 
have no other evidence for this but he said that they very 
quickly decided that it was not worth anything. 

MUELLER: Ja. 

NEUFELD: Because it was inappropriate. 

MUELLER: See, it would not have worked. See, we in 
Kreiselgeraete, we sold these navy gyros for these different 
purposes of the navy. We were much closer to this development, 
and still we could not simply take over something which was built 
for the navy, in the rocket development. The requirements are so 
different, you know, so very different. 

NEUFELD: Now, I wanted to ask you about--oh, there was another 
thing. I guess I never quite pinned down exactly what your 
position was in Kreiselgeraete. When you mentioned Dr. Gievers, 
I realized that there was a name that had been mentioned before 
but I didn't know much about. So will you sort of state what 
your position was in the company and Dr. Gievers• position? 

MUELLER: When I started, I was in that engineering and design 
department of Ernst Haas, and that went on until, oh, 1938 about, 
and in 1938, Dr. Gievers had developed his area which was a very 
small part before that time, you know, into a larger complex, and 
it was simply called development. So by that time, I transferred 
from that engineering department into this development department 
which was headed by Dr. Gievers. And that area was then divided 
into 4 subdepartments, each headed by a group leader. I was one 
of these group leaders. My activity was mainly engineering and 
design of the new developments and in particular the design and 
development of the rocket guidance. Of Dr. Gievers other three 
departments, one was strictly the large ship instruments like 
flak lightstands, distance meters and instrument stabilization, 
you know, big things which had the weight of a few tons, you 
know, and were stabilized by tremendous gyros. 
Then another department which was dealing mainly with the 
north-seeking type of gyro. We also had north-seeking gyros. 
And in that department, and that man who headed that department 
dealt mainly with water bearings. You probably have heard about 
these things. Kreiselgeraete was pioneering also in liquid 
bearings, liquid support. 
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NEUFELD: Just a mention of it, I don't really know anything 
about it. 

MUELLER: They built a few instruments in that department. One 
was a north-seeking instrument and others were experimental 
instruments for ships which never were really completely 
accomplished. Ships did not always need such a very precise 
stabilization, like we had later on. And one was a mathematical 
and theoretical group. And in this way I worked together with 
Gievers. For instance, when we made the decision with the A-5, 
what we would do in comparison to the A-3, this was when Dr. 
Gievers took influence too. This would have been done normally 
by Boykow, but Boykow wasn't there any more, and Dr. Gievers was 
formally an assistant to Boykow, in the old times, 1930 to 1935 
until Boykow died. And so he took over Boykow•s old idea of the 
so-called overground compass and spent a great effort on further 
development. This was what they called the overground compass. 
This is that instrument which you could use in an airplane or in 
a ship or in a vehicle, and it would give you all the time the 
horizon and where you are and how far you have traveled, you 
know. Overground compass, they called that thing. And this was 
already a hobby of Boykow, and Dr. Gievers continued that. 
During the years of 1940, '42, and 1 43, when we had started by 
that time to develop air bearings, frictionless bearings, and Dr. 
Gievers was very eager to use these things in that overground 
compass, so he devised a somewhat simpler version of this 
compass, and in my department, we developed for that instrument 
the air bearing gyros, so I was involved actually in it somewhat 
from that standpoint. And it was brought to a certain success. 
In 1944, we had a few ssmples of that instrument. I couldn't say 
any more how accurate they really were, there was still no 
comparison to what it would be today, but they were functional 
systems which gave a certain accuracy. And a simplified version 
of this instrument, which was more or less just a memory gyro 
then but in airbearings, and that was used by the German air 
force then during the later two years of the war. They used that 
actually. And they used it in particular in the high latitudes, 
where magnetic compasses don't operate so well any more. So this 
simplified version of the overground compass did do a good job, 
actually. So this was then my position which I had there. And 
in 1942, everything connected with Peenemunde or with the rocket 
stabilization was transferred into my department. This included 
then also some other gyro stabilized platforms which should have 
been used in other small rockets. For instance, they had a 
development there for a small rocket which was steered by 
infra-red indicators, so that was a stabilized platform for such 
a little rocket. 

NEUFELD: For anti-aircraft missiles? 

MUELLER: Ja. And then there was another company. They built 
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which was called the Rheintochter, and 
while in stabilization of that 
But then they did not come to an end. 

NEUFELD: They had many anti-aircraft missile projects but not 
one of them seems to have been finished in time. Okay. One of 
the other questions I had was Steinhoff and whether you had many 
dealings with him and what your impression of him was. 

MUELLER: Well, I met him when he came to Peenemunde and I had a 
few times discussions with him. In my opinion, Steinhoff was a 
tremendous pusher. He had lots of energy, and he was able to 
push things really forward, you know. This he really did. But 
on the other side, I had the impression sometimes when I had 
discussions with him about these things, he lacked a little bit 
the reality of these things, you know. For instance, he had 
always the impression, well, in two months you can do that, you 
know, without looking really into the details or so and without 
really overseeing the whole problem area in that thing. And on 
certain problems, on gyro accuracy, there is always the angular 
momentum of the gyro. It's one of the leading factors, you know, 
in accuracy calculations and so on, and the angular momentum 
depends linearly on the speed of the gyroscope. Now, our 
gyroscopes were already running with 30,000 revolutions per 
minute, in reality a little bit below because these were 
asynchronous motors by that time. But then Steinhoff said, 
"Well, if you would run your gyros with 60,000 revolutions per 
minute, you would have doubled the angular momentum, and you 
would have doubled your accuracy," which was theoretically right, 
but he did not look deep enough in to see that it was impossible, 
you know, by that time to run the gyros at 60,000 revolutions per 
minute. So this was a little bit, the thinking of him, you know, 
he was --

NEUFELD: He didn't know enough about it in some ways? 

MUELLER: Well, he probably didn't 

NEUFELD: --It wasn't his area? 

MUELLER: He probably didn't care about the details, you know. 
If one would have had time to explain to him that a ball bearing 
under that load couldn't do more, or that the power which you 
would need would increase with the cube of the speed, you know, 
so if you doubled the speed, you need eight times the power to 
drive that, and this would warm the motor up you know in a way 
which you could not tolerate--if you had the time to discuss this 
with him and explain with him, he probably would have agreed, but 
this he didn't do, because he was a pusher type, you know. For 
him that was just a fact, if you run them double, double speed, 
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you are better off. Now, I give this just as a little example, 
you know. 

NEUFELD: Well, that's interesting, because it sort of coincides 
with what Gerhard Reisig told me, which was that he had 
disagreements with Steinhoff because Steinhoff would say "Do 
this" and he would say "But it can't be done, it's impossible." 
So I didn't know, it's always interesting to hear a confirmation. 
What you're saying sort of verifies what he was saying. 

MUELLER: Well, of course in our case it was not a disagreement, 
because he was the government and we were the contractor. 

NEUFELD: Right, it's not inside the organization. 

MUELLER: So things were simpler. 

NEUFELD: He told you what to do and sometimes you just didn't do 
it because it was impossible. 

MUELLER: Just couldn't do it. 

NEUFELD: Was he the main person that you dealt with at 
Peenemunde at that time? 

MUELLER: Oh no. There were more people. There was Boehm. I 
don't know whether you have heard that name, Boehm. He was the 
man who did the design only in connection with guidance and 
control engineering. He had the design office there. And then 
there was a man Roth which I had to do with. He was a project 
engineer. 

NEUFELD: Ludwig Roth? 

MUELLER: Ludwig Roth. And then people direct under Steinhoff. 
Well, I knew Hoelzer, I knew Hirschler, and then I knew Dr. 
Steuding, the mathematician which they had up there. 

NEUFELD: Control theory. 

MUELLER: Yes. And Ludewig, he worked with him, and Dr. 
Geissler, the man who was later on here in Huntsville, I worked 
with him. And there was a man Schroeder, and then there were the 
people which worked up there in connection with the testing of 
the accelerometer integrators. One was Horn. He's here. And 
one was Schnitter. 

NEUFELD: So you traveled to Peenemunde with regularity? 

MUELLER: I traveled to Peenemunde, ja, sometimes. Not as much 
as I did in Kummersdorf. Kummersdorf, I spent more time. But in 
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Peenemunde, I did not spend so much time there my department was 
so filled up that I was so busy in doing the engineering work and 
what was design work and what was connected to these things, and 
I had two people which usually did go out and did do the testing 
or followed up with the testing in Peenemunde. One was Mr. 
Mandel whom I knew for many years, Mandel. Yes, he died. He's 
not living any more. He did most of the support of the test work 
outside on these platforms, SG-52, and he was already with me on 
SG 33 on the Oie when we fired the A-3 missiles. 

NEUFELD: What was your impression of Peenemunde when you went 
there, and of the interaction of the people? Did it impress you 
as a superior organization when you were dealing with them? 

MUELLER: Well, I have little information of course what went on 
inside. 

NEUFELD: Right. 

MUELLER: And I didn't really care to know much about these 
things really, by that time. These people which I mentioned and 
so, it was just the professional contact, really. And also in 
Peenmunde when I was there, I never spent much time there. I was 
maybe there one day overnight you know and the next day. And 
then when the situation was cleared, it was not like it was in 
Kummersdorf, where people could easily sit together in the 
evening you know and discuss things. 

NEUFELD: So you only had the most superficial contact with 
Peenemunde. Is that right? 

MUELLER: Yes. I knew these people and then I had to go up there 
for clarification on certain things. I discussed with these 
people. I remember one time, Steinhoff took me back once to 
Berlin in his airplane. Steinhoff was flying. 

NEUFELD: Right, he was a very good pilot. 

MUELLER: He was a pilot and he flew me back once to Berlin. It 
was during the war. It was some kind of unpleasant already by 
that time. We had to, I remember he had to go certain routes, 
you know, which were strictly supervised, and he couldn't fly 
very high or something like it, and in Berlin he had to go around 
large circles to fly in from a certain direction. 

NEUFELD: Not to be taken for an enemy plane and shot down. 
Okay, we should--! want to go back to the technical stuff, but 
one final question. It appears that, and it's really har for you 
to answer since you weren't inside the organization, that 
Peenemunde was built up particularly under Dornberger's emphasis 
as a big government laboratory with a big capability in-house so 
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that although of course they had to contract for a lot of pieces, 
that companies did not play as big a role as they do say in the 
American aerospace industry. I mean, was it your impression that 
in the early years especially, that Kreiselgeraete was one of the 
few companies that was really involved in a major way with them? 

MUELLER: I think when that whole organization was still smaller, 
you know, when we had the A-3 and the A-5, that we played an 
important role, you know, during that time. 

NEUFELD: Kreiselgeraete. 

MUELLER: Kreiselgeraete, yes. But later on, when that whole 
Peenemunde spread out so much and increased, then we became more 
insignificant in the whole thing, as a company. There is of 
course one more thing. In connection with that SG 66 platform, 
when this platform was tested up there, I have the impression 
they liked it very much from the very beginning, and they were 
driving for building this thing for larger production. It was 
actually arranged design already and I could talk a little bit 
about this if it --

NEUFELD: --Yes--

MUELLER: --What it was. I think Germany had quite problems with 
materials, and the first platforms which were built naturally had 
used aluminum rings, aluminum castings. This was a simple thing, 
you know, which you could do. But then when aluminum was so 
scarce, we looked for ways to use steel. You cannot replace just 
such gimbal rings in aluminum by steel, you know. So we went 
through a lot of details and work to make these gimbal rings 
hollow and make them out of sheet metal, the thinnest sheet metal 
which would just give the structural capacity to carry the 
platform, you know, and weld all these things together. We 
developed welding techniques to do that really. And this was 
then done in the SG 66, and the units which were built by 
Kreiselgeraete which was a limited number, only maybe 50 or so 
were built during these years in Kreiselgeraete, they were all 
built that way. And then Peenemunde pressed for further 
arrangement in techniques for simpler manufacturing and things 
like that, and this led finally to what we called later on SG 70, 
and the SG 70 was really a type which you could call production 
type. These rings which were used as gimbal rings did not have 
corners any more, they were real round rings, also rings were 
used, round rings, because these were much easier to manufacture, 
and they were made out of relatively thin steel sheet, sheet 
metal, large rings welded together, and then pressed together in 
such a way that a hollow ring formed, you know, like a box but 
rounded up and down there, and so that whole gimbal system was 
then finally made like this in the SG 70. And Peenemunde, or who 
was the authority behind by that time, I don't know whether it 
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was already more army or, well, it was certainly army by that 
time, they wanted larger, larger numbers of these stabilizers, 
which could not be built in Kreiselgeraete. And they used then 
the SG 70 designs to contract with a larger company. This was 
Stotzkontakt in Mannheim .... And this company was then engaged 
in producing a larger number of these platforms. But they never 
completed it. As far as I know, they claimed one day that their 
company was bombed out. You know, they had an air raid. And all 
what they had done was practically gone, you know, and they 
didn't take it up again. So there was an attempt to build a 
larger number of these platforms. 

NEUFELD: So the SG 66 was the first version of this A-4 platform 
that you developed. 

MUELLER: Yes, the first version. And the second version was the 
SG 70, which had the same type of gyros and the same internal 
arrangement, except it was not designed for larger production. 
Now, of course, to come back to your question, how much influence 
or so such a company might have, such a large company like 
Stotzkontakt, you know, which was a manufacturing company, it was 
a company which made electrical devices--well, all these devices 
which you have in buildings and in construction, you know, 
electrical devices and electrical motors, and such type of 
manufacturing. 

NEUFELD: One thing we certainly need to do is to understand what 
the SG 66 was, you know, and when it was made and when it was 
tested. So the SG 66 was again a three-gyro stabilized platform 
and three rate gyros and accelerometers? 

MUELLER: Yes, except that the rate gyros were not put on the 
platform itself any more. I would suggest the following thing. 
I have a number of pictures and so here. Maybe we should go the 
rest of the day and look a little bit at these pictures. And 
maybe when we do that, you might have some other questions. You 
know, some questions might come up on what we have talked about 
already, where I didn't think about, you know, something, and it 
might come up when you see these old pictures and what was done. 
And then when we go ahead tomorrow and talk again, we could 
incorporate such things if it comes up, if you have some 
question. I think it might be good if you have seen these few 
pictures. 

NEUFELD: Okay. 

MUELLER: And we say a few words about what was done. 

NEUFELD: I was wondering, maybe we should try to talk about the 
pictures on tape. I don't know how well that would work, but 
obviously on the tape, whoever reads the transcript can't see the 
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picture, and that's the disadvantage of it, but maybe the 
questions would come up in the course of discussing the pictures, 
a discussion that should be recorded. Why don't I stop the tape 
for a minute. • •.. Okay, we took an interruption to look at 
some diagrams and photographs, and Dr. Mueller is holding in his 
hand a hand-drawn diagram of the A-5 control system for the jet 
vanes, right. 

MUELLER: Ja. It is actually a picture which shows how the A-5 
control system was modified and adapted for the A-4. It consists 
out of a ring which was attached to the lower part of the A-4 
rocket, and that ring contained three boxes which were composed 
out of the yaw, pitch and roll gyros and the corresponding motors 
for yaw, pitch and roll. Now, these motors were supposed to 
drive the jet vanes, and in order to drive both jet vanes, 
complementary ones, a system was used which synchronized both by 
using a large ring system built around the power plant. 

NEUFELD: It's really around the bottom of the nozzle. 

MUELLER: The bottom of the nozzle. 

NEUFELD: Of the power plant. 

MUELLER: Yes, the power plant is actually further up here. Now, 
that whole thing could be assembled outside and then simply 
attached from the --

NEUFELD: From the rear? 

MUELLER: Of the rocket. And again, here the yaw and roll 
motions were superimposed with differential gears, which are 
located here on the two rings. 

NEUFELD: There were actually three rings. 

MUELLER: Actually three rings. 

NEUFELD: For each, around the, on ball bearings around the 
nozzle, and one for each axis. 

MUELLER: Ja, one for roll, one for yaw, one for pitch. 

NEUFELD: But two vanes have to take both the yaw and the roll. 

MUELLER: Yes. 

NEUFELD: So you need a gearing system, and what you show here is 
that. 

MUELLER: It's a differential gear. 
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NEUFELD: Which is up, which is on--which is attached to both the 
roll ring and the yaw ring. 

MUELLER: The roll ring and the yaw ring. 

NEUFELD: It's in contact with both. Hm mm. So that the 
differential gear means that then these two rudders could be 
turned in the same direction or in the opposite direction, 
depending on whether it's a yaw or --

MUELLER: --If only the yaw operates, it turns in the same 
direction. If roll operates, it turns in counter directions. 
You know, one against the other. And if both operate, the values 
are just added, superimposed in the differential gear. So it 
might happen that the one turns right and the other turns left, 
depending on how the signals come together. 

NEUFELD: In effect a mechanically combined --

MUELLER: A mechanical mixing of both values. 

NEUFELD: And that would, even when some of the yaw moment might 
cancel out some of the roll moment deflection in the vanes, that 
was not going to create a control problem, was it? 

MUELLER: No, they would never cancel each other, because roll is 
always, one against the other, you know, while yaw is always in 
the same direction for both, so they do not cancel. They would 
not cancel. It could happen that one side stays on zero, you 
know, because roll requires a certain amount to the right and yaw 
a certain amount to the left which is the same, so it could 
happen. · 

NEUFELD: But this system, as you say, you built three examples 
of it. 

MUELLER: Ja. 

NEUFELD: It was not --

MUELLER: --Three prototypes were built and delivered. 

NEUFELD: About what year? 

MUELLER: I think about 1 43. In 1 43. 

NEUFELD: And so you delivered the prototypes. 

MUELLER: It could have been the end of '42, I'm not absolutely 
sure. We delivered the prototypes, and they made some tests with 
it. But at the same time, they had developed their own mixing 
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system with the mixing computer. 

NEUFELD: Developed an electronic system. 

MUELLER: Ja, which did everything without rate gyros. And so 
this was never used here. Beyond testing. 

November 7, 1989 

«TAPE 3, SIDE 2 

NEUFELD: This is November 7, 1989. Let's see, the last thing, 
as you said yesterday, we never really got to talking about your 
integrating accelerometer. 

MUELLER: Ja. 

NEUFELD: I'm trying to remember just what it is we said in 
yesterday's interview, but I think you only mentioned that it had 
gone back to an idea of von Boykow•s. 

MUELLER: Ja. I remember this time, you know, when Boykow 
already suggested such systems for integrating, and around 1939, 
I did some work on that system in connection with that Peenemunde 
project. But it was not, let's say, aligned for certain 
stabilized platform by that time, because SG 66 was the only one 
which could accommodate such a system, and the SG 66 was not even 
in the planning by that time. We were still working on these 
other systems. So it was then laid out with relatively large 
gyros. 

NEUFELD: Which was laid out, the accelerometer? 

MUELLER: Actually the system, ja. But it did not come to real 
laboratory testing by that time. It was so to say advanced 
design, or advanced thinking about this. And then, after the 
successful A-5 firings, Peenemunde formulated a little bit better 
what they wanted for the future, in connection with the 
stabilized platform, and here it came out that they wanted 
accelerometer measurements and velocity measurements and distance 
in flight direction. And this led then automatically back to 
that advanced design which was made in connection with Boykow•s 
ideas on an integrating accelerometer. And then when we started 
the layout of the SG 66, I had to consider naturally space 
requirements and weight requirements in order to come up with an 
overall plan for the SG 66. So we did some work, by that time 
also preliminary work, I would say, on what could be accommodated 
by such a platform. We had to make a lot of compromises, you 
know, in order to do that--weight, space, angular momentum of the 
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gyro, and required accuracy, and of course, the values, the 
expected values for cutoff velocities and distance, all these 
parameters go in--you have a lot of parameters which you have to 
integrate and make a compromise in that thing. And this led 
finally to relatively small gyros, and at that time, I made a 
preliminary layout of such an accelerometer, integrating 
accelerometer, in connection with the ball-and-disk integrator, 
and the whole thing was built so that its dimensions fitted 
roughly the plan of the stabilized platform. This was on the 
beginning all that could be done, because the main push was now 
given to the platform itself, so we fitted on substitute weights 
and so, you know, substitute in the beginning, because in very 
first tests you would not even need such a thing, you could just 
simulate the weight and the inertia by other means, and this was 
really done. But then, after the platform was laid out and 
engineering was ahead far enough, you know, that we could go on 
with the overall design of the platform, then I started to 
concentrate on that integrated system. 

NEUFELD: About what year was this now? 

MUELLER: I would think this was already in 1 40 then when we did 
that. 

NEUFELD: 1940? 

MUELLER: 1940. Yes. But the main push was on the platform even 
then, you know--it was not really forced forward. And then, 
later on, probably in 1 42, we made a design for that whole 
system, and according to that design, we built a few units. And 
all this went parallel to the development of the platform again, 
but without a real push it was just running besides. And we 
started testing that system in the laboratory, and this was about 
the time we run then into 1 42, probably into 1942, and then 
Peenemunde got other thinking about this. They realized it was a 
relatively complicated thing, and the way they wanted it, they 
did not just want one single gyro in a forward direction, they 
had developed a scheme, it was just theoretical, that they would 
gain better accuracy by using two gyroscopes which were arranged 
in somewhat different angles. The one was in the direction of 
the line between start and cutoff point, and the other one was a 
little bit inclined, it was in line with the tangent, at the 
moment of the cutoff, which was of course only theoretical 
because these things were not really true when you were firing, 
you know. You had somewhat, because of the errors, you had 
somewhat different values. But this was their theoretical 
consideration, and it was mainly made by Steuding and his group. 
You know, these people had figured out that in the overall system 
they would gain better accuracies if they would do it that way. 
So this complicated the whole thing, because now suddenly there 
were two measuring heads, which--because of space 
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requirements--required even smaller gyros. 

NEUFELD: Now, let me just get a question in to anchor this. At 
this time they were talking about two gyros, two gyroscopic 
accelerometers, on the SG 66 platform? They weren't thinking of 
incorporating your accelerometer into the Siemens system, as I 
know was done later on? 

MUELLER: No, no, not yet. This was now just for the platform, 
intended for the platform. And somewhere in 1942, maybe by the 
end of '42, could have been the end of '42, they realized that 
what they wanted was much too complicated, you know, and too 
expensive, in order to incorporate it into the system which they 
developed now with Siemens. So now, I also should say now, in 
that accelerometer development, when we did this work on that 
instrument, Peenemunde had given this accelerometer requirement 
also to other places, and finally there were about five places in 
Germany which had contracts with Peenemunde to develop some kind 
of accelerometer integrating systems. 

NEUFELD: All based on gyroscopic principles? 

MUELLER: No, no. Peenemunde had no requirement on what it 
should be based. Just find a way to do this. So one contract 
went, what I remember, to Buchold, to Professor Buchold--

NEUFELD: And he was where? 

MUELLER: In Darmstadt. 

NEUFELD: Okay, he was Technische Hochschule Darmstadt. 

MUELLER: Darmstadt, and one went to Wagner--

NEUFELD: And where was he? 

MUELLER: I think he was also connected with Darmstadt, but he 
also had other connections. And I think there was a Professor 
Hueter which was involved. 

NEUFELD: Do you have any idea where? 

MUELLER: And there was a company involved, which was the company 
Ott in Kempten. They had a contract. And there were these 
people you know with basically electronic systems. 

NEUFELD: Right, the Wolman system. 

MUELLER: The Wolman system. 

NEUFELD: The radio cutoff. 
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MUELLER: But by that time, I did not know what the others did 
and how far they were developing their systems. The only thing I 
knew was that there were others in. Then, now I come back to the 
end of '42, when Peenemunde found out that this was too 
complicated, at least when I consider our instrument. I didn't 
know what the others had at that time. And one day, they 
approached us, and wanted a much simpler system. They left out 
the second integration, for instance. 

NEUFELD: Meaning the integration for distance, or are you 
talking about the second gyro? 

MUELLER: Yes, they left out the second gyro. They went back to 
one gyro. In our case, let's say, they went back to one 
measuring head. Maybe the others had the same problem. And they 
went back to one integration only. They wanted to do it only 
with velocity. So they wanted a smaller system in other words 
and a lighter system, and the main change was, they wanted to put 
the instrument right into the rocket without using a stabilized 
platform. Now, this came out of the requirement from Siemens, 
because Siemens did not have a platform. And of course the 
disadvantage of that thing was that a measuring head put in the 
rocket itself would measure large errors caused by gravity during 
the time when the rocket goes up vertical and during the tilting 
time. And they agreed to make compensations, figure all these 
values on standard trajectories, and consider it finally in the 
setting of the instrument. So this was suddenly the new 
requirement which came up. Now, for us, it didn't mean a real 
complete new design. We could use the measuring head, and we 
just needed a simpler structure, and needed a device for the 
pickup of the first integration. So we changed that instrument 
and did it in a relatively short time, and then after a few 
months, Peenemunde came up and set a deadline, and on that 
deadline they wanted to test all the instruments which were 
developed now by that time. And I remember one thing, by that 
time. I had a discussion with Dr. Gievers by that time, and he 
discouraged me very much from going ahead with all that 
development. He was of the opinion that with that competition 
which we had now, and on that simplified system the competition 
was even worse, because it was simplified also for the other 
people, we would not have much chance against these people. And 
so when the deadline came and we had to present our system, I 
didn't even go personally to Peenemunde, you know. Mr. Mandel 
went there with our instrument, we had not even designed a new 
structure, so it was situated in one of these old devices which 
was now much too large, so it didn't appear to be an instrument 
really, so we did not do that with much confidence really. 

NEUFELD: About what time was that, beginning of 1 43? 

MUELLER: Early 1 43, yes. And well, there came the surprise, 
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after a few days. They made all their tests, and they selected 
the instrument from Kreiselgeraete, because in spite of all the 
development, it was probably the most advanced system at that 
time, and it appeared fairly simple. So this was then the start 
of a redesign. We redesigned the instrument into another box and 
designed it for a larger production, you know, which differed 
from what we did usually, on small productions. And Peenemunde 
put then a considerable pressure on this design, and I would say, 
within a relative short time, it was in 1 43, we completed such a 
design, and built one or two instruments in our laboratories and 
tested in the laboratories and delivered them to Peenemunde. And 
they must have performed in Peenemunde. And then from there on, 
Peenemunde took over and accepted this device, and they gave then 
contracts for larger quantities. One contract went to that 
company Ott, which originally had their own development, and 
another contract was given to a company in Vienna. The name was 
Medic and Schoerner •... 

NEUFELD: So that was a company in Vienna. 

MUELLER: Ja. Now, to talk a little bit about the instrument 
itself, I have one of these old things here. 

NEUFELD: Okay, let me just stop the tape for a second .... 
Okay, Dr. Mueller is holding in his hand an incomplete actual 
example of the integrating accelerometer. Is that true? 

MUELLER: Yes. This is one which was actually built, very likely 
by Ott, one of that series, and it was brought here to the United 
states. The army sold it one day as a junk. And a friend of 
mine picked it up here and gave it to me, so that I have it here 
i.n case somebody was interested. It is built in like this here. 

NEUFELD: With, the back plate is vertical. 

MUELLER: Ja, with the back plate vertical, here, hanging, see, 
and of course the axis has to be aligned with respect to the--

NEUFELD: --so the axis of the gyroscope itself is aligned 
vertically along the longitudinal axis. 

MUELLER: Ja, the output axis of the gyro. This is the output 
axis, here. And the gyro spin axis is this here. This is the 
axis of the angular momentum. 

NEUFELD: So the gyro is spinning in this direction? 

MUELLER: Yes, inside, yes, spinning like this. 

NEUFELD: At launch, is the gyro spin axis aligned 90 degrees to 
the ? 
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MUELLER: This gyro spin axis is kept in a, so to say, in a zero 
position, yes, which is 90 degrees with respect to the 
longitudinal axis. 

NEUFELD: At launch then the spin axis of the gyro is essentially 
horizontal. 

MUELLER: Yes, it is essentially horizontal, yes. Now, there is 
one part which is missing here, see. It's a device here which 
makes it possible to catch that axis here, and hold it in that 
position, and arrest it in that position, even when the rocket is 
moving a little bit, which would naturally produce--

NEUFELD: --Oscillation--

MUELLER: --Motion here, it cannot do so because it is caged 
here. And this little device is magnetically operated, so when 
the rocket goes off, it contracts and then the gyro is free and 
can operate. And the whole trick on the thing is that the gyro 
here is not supported in its sensitivity axis, normal or direct, 
in the axis of symmetry, but it is supported outside. So these 
are the bearings here, which normally are located here in the 
symmetry axis. Here they are outside. So as you see, gravity 
produces a torque here, to the gyro. 

NEUFELD: It can pull the gyro down. 

MUELLER: Yes. And this torque which is produced here by gravity 
acts on the gyro wheel, normally, in the gyro, starts a 
precession, here, in this way. And according to the gyro law, 
that precession which is produced is proportional to the torque 
which is applied here on the gyro. 

NEUFELD: The downward acceleration. 

MUELLER: Yes, the downward torque which is produced by 
acceleration or by gravity, when I hold it in my hand. When the 
rocket goes up, here, you have two factors. You have gravity, 
and you have the acceleration. So the output superimposes two 
values. Now, according to the gyro law, that precessional 
velocity here which will resolve it is proportional to the 
torque, and therefore proportional to the acceleration. 

NEUFELD: The precession axis is vertical. 

MUELLER: It's vertical, yes. so if you neglect the gravity for 
a moment, then the precessional velocity would be a measure of 
the acceleration of the rocket. Now, if we can say the 
precessional velocity is representing the acceleration, then the 
angle which would be produced over time would be the integral of 
that acceleration. So the angle which is produced after a 
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certain time is the first integral of the acceleration, which is 
the velocity. Now, the whole thing has to be so determined that 
you can read the whole angle after a certain time, and naturally 
the requirement here is to do this so that you can get the whole 
range which you want to produce, let's say from zero to 2000 
meters per second, in one revolution here. 

NEUFELD: Okay, I should describe this because there's no 
picture, unfortunately. There is a large wheel--

MUELLER: In this case there is a large gear. 

NEUFELD: A large gear. 

MUELLER: Because accuracy requirements force you to do certain 
things. You are forced to use a certain angular momentum, a 
small angular momentum, because of the space requirement. If you 
have a small angular momentum, then this requires a certain 
leverage here, so in order to produce a certain torque. And then 
you come out let's say with so and so many revolutions per meter 
of velocity, and then you have the requirement to reduce the 
maximum velocity to 360 degrees. So the whole thing is a 
compromise out of many, many requirements which come together 
here, and this is actually, was actually a trick. It was an 
engineering problem, as the principle was known. And now, so you 
have two disks now. The one disk is driven here, by the gyro, 
and the other disk is essentially fixed and can only be driven by 
a hand motion here. See, when I turn this here, I can adjust it 
out--

NEUFELD: --Adjust the scale, so there's a large--

MUELLER: --It's the scale, yes. 

NEUFELD: There's a large, again I have to describe this-

MUELLER: --It is divided into degrees, into the 360 degrees. 

NEUFELD: Okay, let me just describe this. There's a gearing 
that goes from the precession axis of the gyro up to a large gear 
underneath the scale, which is going to turn to indicate the 
axis, how far the axis of precession is. 

MUELLER: Yes. 

NEUFELD: Is from--

MUELLER: --From zero to the immediate value. 

NEUFELD: And on top you have another gear, and that is there to 
adjust the scale. 
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MUELLER: It's the scale, and the scale is adjustable here. So 
you can put the scale on any value from zero to 360 degrees. 
Now, you have so to see a table, and out of this table you can 
read the degrees which you have to adjust here when you want a 
certain velocity. Let's say you want 1500 meters per second. 
Out of the table you would see, this means 275 degrees. So you 
can adjust the scale here to 275 degrees, and since the gyro 
starts with the value zero, it runs and runs until it hits 275 
degrees, and the point, when it reaches the same value, is 
indicated by a mechanical electrical contact between the two 
disks here. Now, for other reasons of course there is a 
pre-contact and a main contact, in order to reduce the thrust to 
a certain--

NEUFELD: --Right, there was that--

MUELLER: --The second one is the real cutoff then. 

NEUFELD: Right, they already had that as well with the other 
systems, which was, you reduce thrust immediately before cutoff 
in order to reduce the error at cutoff. 

MUELLER: So this is so to say the principle of it, you know. 
Here you can adjust it, and with that knob here you can set it to 
zero originally. 

NEUFELD: Okay. There's two knobs on top then of the--again, I'm 
describing this for the record--there's a second, there are two 
knobs: on the left on top of the scale, the disk, there is the 
knob for adjusting the cutoff point, and on the right there's the 
knob for zeroing the gyroscope. 

MUELLER: To make sure the gyro starts on zero, the zero 
precession, is this one here. And then that mechanism which is 
not shown here holds the same, there. Now, here, in operating of 
such a gyroscope here, you have again the usual problems with the 
gyro friction, disturbing friction and other disturbing torques, 
what I said here, the torque would produce a precessional 
velocity too only for a very short time, after a short time the 
gyro would slowly sink down here, because the precessional 
movement has to go against friction, which naturally produces a 
reverse action in the gyro, and the reverse action is that the 
gyro will yield to that torque here and make a precession and 
drop down. The dropping down is actually a reverse precessional 
motion proportional to the torques which are encountered. 
Because the gyro law is only true when you have no disturbances, 
no friction, nothing from the outside. Here you have the 
friction. So. 

NEUFELD: Let me ask a question. Is the gyro being driven 
continuously or is it--
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MUELLER: --Yes--

NEUFELD: --or is it going on momentum? 

MUELLER: No, no, it's continuously driven. 

NEUFELD: But there are friction losses anyway. 

MUELLER: Yes, this is the friction in the gyro wheel, which you 
overcome by putting energy in. But the friction when the gyro 
precesses, here, this friction is not overcome from the outside, 
so far. So far as my explanation goes. Now, we have to do 
something to eliminate this friction on the outside. And 
therefore, there is a little motor here, put on, which you don't 
see here. 

NEUFELD: It's missing. 

MUELLER: --Right now, and here is a gearing connection with that 
motor, and this motor is called sometimes the anti-friction 
motor. Sometimes it's called the support motor for the gyro. 
This is the one which was used in such instruments. It has a 
small gear inside, and that small gear operates with a large gear 
ratio here on that outer wheel here, see, that wheel on the 
precession axis. 

NEUFELD: Okay, so for the record you're holding a small 
cylindrical electric motor about an inch long approximately with 
a small gear on top which gears with the wheel on the bottom of 
the precession axis. 

MUELLER: Of the precession, and this motor has to be controlled 
now by the gyro here, and then, yes, you can see, here's the 
mechanism which operates the motor. It is a primitive thing. It 
is just a contact mechanism which gives a plus or minus. 

NEUFELD: It's on the left hand side of the gyro itself. There 
is a small metal strip that can touch either the top or the 
bottom contacts. 

MUELLER: Yes. Now, this motor is built in such a way that when 
it touches the bottom, it turns in one direction, when it touches 
the upper part, it would turn in the other direction. And then 
because it's a black and white, you know, it's not a servo system 
as people would use it today, it's again the servo problems were 
still there by that time and they were real problems, so we had 
to go along with such a kind of contact. And when the gyro 
starts to drop down, and it gives contact on the lower contact 
area here, then the motor produces a torque which goes in the 
other direction and brings the gyro up, helps to precess the gyro 
up. And this torque is naturally too large, because it has to be 
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overdimensioned, so the contact goes off again, and when the 
thing is operating, the contact operates with a relative high 
frequency all the time. 

NEUFELD: On and off, on and off. 

MUELLER: On and off, and what we produce is the average value. 
It's a poor system. But everything was so determined here, or 
had to be so determined, that in the overall we obtained an 
accuracy which was accepted. 

NEUFELD: So, to sum up, this is a--this reduced the inaccuracies 
because of friction losses in the precession axis. 

MUELLER: Yes, to a certain extent, we could optimize the thing, 
so it would come to a minimal error. By using the spring, as you 
see here, the spring constant, this is a spring here, has a 
little contact of its own, it connects with the angular momentum, 
with the reaction of the gyro, in order to produce such a 
frequency with such a small amplitude that it would be tolerated. 
These are compromises which had to be made at that time. And now 
there is another requirement in here which came in by that 
decision of Peenemunde to put that instrument rocket fixed in. 
When the program angle starts to operate, and the rocket turns 
around--

NEUFELD: --When it begins to pitch, along the programmed 
trajectory. 

MUELLER: Then you, in certain positions you operate against the 
gyro. When the gyro is for instance in that position, the 
turning would occur around the spin axis. There would be no 
effect. But in the 90 degree position here,--

NEUFELD: --When the gyro is facing out horizontally-

MUELLER: --the gyro has to be turned with the rocket. 

NEUFELD: So it will tend to tilt upwards. 

MUELLER: Ja. And in this case, you have to produce a torque 
here which precesses the gyro around, and this is according to a 
sine function. You know, because this is rotating, here is the 
maximum, here is zero, so you have to produce torques according 
to a sine function. 

NEUFELD: Let me just interrupt you for a second. The effect is 
zero when the spin axis is pointed essentially along the pitch 
axis of the vehicle. 

MUELLER: Ja. 
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NEUFELD: But when the gyro is facing along the yaw axis, 90 
degrees, or on this thing, sort of directly outwards from the 
back plate, or vice versa in the other direction, when it's on 
the yaw axis, that's when the disturbance is the greatest. 

MUELLER: Ja, the disturbance is greatest when the axis, the spin 
axis is in the plane of the turning. This is in the plane of the 
turning, then it is greatest. And it is zero when the spin axis 
is normal to the plane of turning. And of course, this, here is 
the maximum value it changes with regard to the gyro. It is 
different here from what it is down here. Once it meets the 
upper contact, once it meets the lower contact. And this whole 
procedure here was only due to the fact that the instrument is 
now rocket fixed. 

NEUFELD: Right, it's not on a stabilized platform. 

MUELLER: It's not on a stabilized platform. There is no problem 
like this on a stabilized platform. Now that, what I explained 
here, this problem is the same problem what we had in the A-3 
missile when the rocket tried to rotate around the longitudinal 
axis, and we had to follow with the stabilization gyros we talked 
about yesterday. This is the same problem here. Now, this was 
one of the main problems here, and another problem is of course 
to keep the disturbing moments small from the very beginning. So 
here is a problem, to support a relative heavy gyro on a lever 
arm here in a bearing and make it so that you have a minimum of 
friction in that thing. Even ball bearing friction is much too 
large, you know, especially today. By that time of course it was 
not so bad. But even ball bearing friction would have been too 
much of an error source here in that thing. So the problem was, 
to find a bearing support which would reduce even the normal ball 
bearing friction. And since we did not have anything else, we 
did not have air bearings by that time, I found finally a 
solution here, in that thing, which can be seen here. This is 
one of these gyros which is supported. 

NEUFELD: Okay, this is a spare example of the gyro. 

MUELLER: Ja, it's just a sample of one of these gyros here. And 
you see here a little ball, here, you know, carried on a little 
stalk, here, and this is a hardened steel ball which can be 
inserted here, in a special bearing housing. First we used 
stones, you know, like in the clock manufacturing, the stones 
which are used sometimes, and later on we--

NEUFELD: You mean a gemstone? 

MUELLER: Yes, gemstone. But later on we found out a certain 
bronze gave the best value. 
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NEUFELD: A certain what? 

MUELLER: Bronze. You know, alloy. 

NEUFELD: Alloy, Okay, bronze, Okay, I didn't understand the 
word. 

MUELLER: And this thing has to be so determined that when the 
instrument operates, and it vibrates, you know, there's always a 
certain vibration when it operates, to minimize the friction, so 
you never have a real •.• intolerable error. 

TAPE 4, SIDE 1 

NEUFELD: I interrupted you in the middle of that last 
discussion. We were discussing the elimination of friction in 
the lever arm of the gyro which has to be allowed to precess so 
that the axis can move up and down. 

MUELLER: Yes. So we had to make that compromise here, to find a 
way, and it was--luckily it worked, after a few changes. 

NEUFELD: So that your accuracy in terms of the friction in that 
axis was good. 

MUELLER: And actually it was claimed later on at Peenemunde that 
the overall accuracy of the instrument was about one per mil, one 
per mil of the velocity of the engine. 

NEUFELD: That meaning, one--0.1 percent. 

MUELLER: Which, when you consider this time and the 
possibilities which we had, was a very good result of the thing. 

NEUFELD: So you received a value of the cutoff velocity along 
the axis of the missile, or was that the tangent to the 
trajectory? Which velocity value was it that you were trying to 
measure? 

MUELLER: It was the velocity along the missile axis. The 
velocity along the missile axis. Normally the missile at the 
cutoff point should be controlled in such a way that it is along 
the tangent, unless it has an error. But otherwise it is in, if 
it was controlled right. But of course, these tables I was 
talking about here are not a simple conversion here of degrees 
and velocity. You have to consider in the flight tables the 
normal flight and subtract the value which is produced by gravity 
during that flight time. This is all included in the tables, 
naturally. 

NEUFELD: So the adjustment for the disturbing influence of 
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gravity comes just in the table itself. 

MUELLER: Yes, in the table. 

NEUFELD: And the setting of the degree value. 

MUELLER: Yes. 

NEUFELD: For appropriate cutoff velocity. 

MUELLER: Ja. So you can have a certain value in that part too, 
a certain error value in that part, because you figure on a 
normal flight, and you might not have a normal flight. You might 
be a little bit off. Then that value is not correct. It 
corrects partially. Then let's say if the flight velocity was 
too slow at that time, it would cut off somewhat later and 
compensate in that way, to a certain extent. Or vice versa, if 
it was larger it would cut off before. 

NEUFELD: But it doesn't, of course, given the limitations, you 
can't accurately, you can't entirely accurately allow for 
different cutoff altitudes or something if it doesn't follow a 
completely normal trajectory, is that right? 

MUELLER: No. It would not cut off on altitude here. It would 
cut off strictly on velocity parallel to the tangent, in the 
predicted cutoff point. Now, if you had predicted in advance 
which angles that would be, then you could conclude which heights 
it would be, if you had a normal flight. 

NEUFELD: Right. 

MUELLER: But again, it would not be true if the flight was not 
according to the standard trajectory. 

NEUFELD: I mean, in practice the trajectories were virtually 
never standard. Hopefully the deviation is not too large. 

MUELLER: Yes. 

NEUFELD: So that obviously we have the question here, of course, 
where do the errors come in in the dispersion of the final 
missile trajectory, which may have nothing to do with the 
accuracy of your system. You know, the limitations firstly of 
that Siemens system of only two gyros, fixed to the body of the 
rocket, plus the fixed gyro accelerometer or some other 
accelerometer system. So there's some question then about when 
this came into effect and, you know, when it was integrated, when 
was it tested at Peenemunde, when was it integrated into actual 
combat, actual introduction of the missile launches, V-2 
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launches, so it became--

MUELLER: The testing in Peenemunde must have been done in 1 43. 
And also the designs, the final design of the thing was done in 
'43 by probably the end of 1 43. And the start of the production 
in Kempten with that company Ott must have started maybe, maybe 
by the end of '43. Yes, it must have been the end of 1 43, and 
certainly early in 1 44 they must have been in production with the 
thing. 

NEUFELD: Once it entered production as an alternative to the 
Wolman system of radio cutoff for the actual missiles, did you 
have much to do with it after that time, in terms of 
modification? Were you modifying it to fit on SG 66 on the 
stabilized platform? 

MUELLER: No. Actually the work on the original idea, you know, 
for that platform was not carried forward any more, at least not 
in an essential way. We have not built other instruments any 
more after that. And all these platforms, SG 66 and even SG 70s, 
they had--they carried only dummies, you know, dummies instead of 
that original integrating device, on. And these other systems 
never went in production then. 

NEUFELD: So did you effectively not then work much on this 
system after it was given up for production by these other 
companies? In other words, it was a finished system, a finished 
product, and you didn't work on it much after 1943? 

MUELLER: Somewhere early in 1944, it was considered a finished 
product. And the further work from the engineering or design was 
practically sealed then on the thing. It could be that in the 
beginning of 1 44 that a few minor changes were required, but no 
real change of design or so any more. 

NEUFELD: Okay. Now this leads me to a place where I want to be, 
which is, we need more information about the SG 66 and 70. You 
know, how they--the development of those during the actual war 
period, and when they were tested. Because I know neither of 
those platforms went into production ever as, they never 
supplanted the original Siemens system as the basic production 
for the war. They were certainly tested. 

MUELLER: I have a few figures here. Out of drawings, you know, 
on the SG 66 stabilized platform. There was a drawing in 
existence. This was already a finished drawing on the overall 
system, from December 16, 1 41. And another one was from December 
10, '41. So the SG 66 stabilized platform was designed by that 
time already, you know, 1 41. And some other drawings which were 
alternate drawings or drawings with changes were one year later, 
about one year later, December 1, '41. So during 1 42, there were 



-MUELLER-65 

still made some changes on these drawings. But the first set I 
can say was finished by the end of 1 41. 

NEUFELD: When did the design phase begin, in SG 66? You may 
have covered this yesterday but I don't remember. 

MUELLER: When did what? 

NEUFELD: When did it begin? When did you start with it, 1 39 or 
1 40? 

MUELLER: It very likely began on beginning of 1 40. 

NEUFELD: Beginning of 1 40. 

MUELLER: Beginning of 1 40, yes. Could have started the end of 
1 39, that there was some thinking already about it, you know, how 
it would look and how some preliminary ideas. But it must have 
started in 1 40. Somewhere in 1 40. Let's say, the main effort on 
the thing. 

NEUFELD: When you say that you had engineering drawings from 
December, 1941, does that mean you didn't yet have any hardware, 
or you just had prototypes in your laboratories? 

MUELLER: Yes. In '39 there were certainly no SG 66 here in 1 39. 
All that we could have done by that time was planning, you know, 
planning how we would build it, and maybe some preliminary 
layouts, and I think the real design took place in 1 40. 1 40 
and'41. And at that time, we probably have built the first 
models. In 1 41. And by the end of 1 41 to 1 42, the first models 
would have been available in our company. 

NEUFELD: Now, an important question that comes out of all this, 
and I want to go on, but clearly in 1939, 1 40, 1 41, Peenemunde 
was in a big hurry to finish the A-4. We know this from other 
sources, that there was a lot of pressure from Dornberger and 
others to get it out as fast as possible, faster than it actually 
turned out to be able to be done. So that they went to the 
Siemens system of only two gyros, and no rate gyros, and 
producing this mixing computer, in order to produce the control 
values. So you became essentially the second source, of a much 
more complicated system. 

MUELLER: Ja. 

NEUFELD: How did you perceive that at the time, that you were 
going to become the standard system afterwards? Or that you were 
just continuing as an experiment, as an alternative to the 
Siemens system? 
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MUELLER: Well, I think the overall thinking of Kreiselgeraete 
did not go into such heavy production at all. I think, nobody 
really was thinking about that they could produce such high 
quantities, because it was impossible in the company itself. 

NEUFELD: It was essentially a research company. 

MUELLER: So there was not much interest in doing that, from a 
company standpoint. And even if they had brought in 
manufacturing companies which could have done this, a company 
always has to look a little bit for their own profit too, you 
know. They wouldn't gain anything from that if another company 
builds large quantity of that thing. It would not give a 
feedback. So there was not much interest in that, in such a 
solution, really. And nobody was really driving, driving for--

NEUFELD: Did you not get the impression then that Peenemunde, 
you know, people involved like von Braun, Steinhoff and so on, 
they weren't pressing you very hard to produce SG 66 in a big 
hurry? Or they were more interested in pursing it as a long term 
research program, to produce a more accurate guidance system? 

MUELLER: Well, there were of course deadlines, you know. They 
put deadlines on, and they were urging us to give them these 
things as soon as it was available. But I think it was not so 
that they really depended so much on us, you know, that we had 
the feeling that they depended so much on us, that we absolutely 
had to do that. That was not the case. 

NEUFELD: Because I certainly know that in 1942-43 onwards, they 
were under extreme pressure to produce in a big hurry a workable 
missile, and of course that's when Speer's ministry became 
involved. 

MUELLER: Ja. 

NEUFELD: In pushing them into production as rapidly as possible, 
so that I suppose that they were very, very incredibly busy with, 
you know, even trying to make practical the system that they had, 
for mass production. 

MUELLER: With regard to the platform, I did not have the 
impression that they were really after the platform at that time, 
you know. I was--did not have that impression. It was different 
on that instrument. If this was designed--

NEUFELD: --You mean the integrating accelerometer. 

MUELLER: The integrating accelerometer. Here, I know that they 
pressed Ott, you know, the firm of ott which built the thing 
finally, they pressed this company and there were deadlines 
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tremendously behind it, behind that company. 

NEUFELD: They were pressing them very hard to produce as fast as 
possible. 

MUELLER: Ja. 

NEUFELD: This instrument. So did the production then of SG 66 
lag in those years, because you didn't have--did you have 
problems, given the war economy, with getting the right 
materials, getting enough people, getting money, did you have 
problems of that sort? 

MUELLER: Well, we did not have problems with that. And this, I 
could say, was probably mainly due to the fact that the whole 
area here which, in connection with this platform and Peenemunde, 
it was only a relative small part in the overall manufacturing, 
which was done by that time in the company. As I said yesterday, 
at that time there were in one of the subsidiaries of the company 
which was located a little bit out away from our place--

NEUFELD: In Berlin? 

MUELLER: Ja, in Berlin, they fabricated thousands of gyros, of 
the small gyros, a month, you know, in that company. And in our 
company which mainly did the navy instruments, there were lots of 
instruments, larger instruments built, and the highest number 
which we built at all on the SG 66, and we built a few SG 70's, 
this was maybe 50 units. It could have been somewhat less, you 
know. And this did not mean for the company an effort, you know, 
or a large part, so if there was enough materials here, and 
enough working capacity for all these other things which had to 
be produced for the navy, it could easily have reached for 
building 40 or 50 of these units, within a time frame let's say 
of maybe one or one and a half years, you know. This might have 
stretched out one and a half years, the 50 units. 

NEUFELD: So that as far as your company was concerned, because 
you were making crucial systems for the navy as well as being 
involved with Peenemunde, you didn't have any problems with 
priorities, getting high priority for materials that you needed 
and other things. You didn't perceive that as a difficulty? 

MUELLER: No, there was no really problem in that direction. The 
only problems which we faced were general problems, that there 
was not enough aluminum, and therefore everything considered in 
the design already what could be done was made from steel, hollow 
steel, you know. But we had the same problems in the navy, it 
was also in the navy part. All light metals were eliminated, and 
the so-called light construction was applied everywhere in the 
navy. 



-MUELLER-68 

NEUFELD: In other words, you tried to use hollow components and 
so forth to save weight, in steel? 

MUELLER: Yes, to save weight. Actually, the reason was to save 
aluminum, and since you could not simply replace aluminum by 
steel, you know, so you had suddenly the problem of saving weight 
when you switched over to steel. And then there came the hollow 
construction, I would say, which also affected these instruments 
here. 

NEUFELD: That means more time spent planning and experimenting. 

MUELLER: More time, yes. And sometimes even spent more time in 
manufacturing even, since aluminum gimbal systems could be cast 
normally, and just worked over where it was necessary, but steel, 
hollow steel ring gimbal systems had to be welded, pressed, you 
know, stamped and pressed. It was not only the design work which 
was considerably more, it was also manufacturing effort which was 
larger, on these systems. And therefore there was always a drive 
to engineer and design in such a way that you could use simpler 
methods in manufacturing. This for instance was the reason to 
design, after the SG 66, the SG 70, which differed only in 
manufacturing processes of this steel construction. 

NEUFELD: When was the change made? When did you change from 66 
to 70, can you locate that chronologically? 

MUELLER: This I can only guess or estimate now. I have no 
record of SG 70 drawings. It certainly was in 1943. Could have 
been end of 1 42 or early in 1 43 when it was made, designed the SG 
70. 

NEUFELD: Had you already built the prototypes of SG 66 by that 
time? 

MUELLER: Yes. Yes. 

NEUFELD: So you built models for the laboratory. 

MUELLER: Yes. 

NEUFELD: And at that point the people at Peenemunde came to you 
and said that you need to redo this in a way that's simpler for 
manufacturing? 

MUELLER: No. 

NEUFELD: How did it come about? 

MUELLER: This requirement did not so much come from Peenemunde. 
Of course they were interested in that way. But this was a 
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requirement which came out of our own company. As soon as you 
know you can improve certain things, you know, you have within 
the company complaints that it's too much work involved. You 
know, you make an effort to see whether you can't do it better 
with less work, simpler. So this did not come so much from them. 
It was a more natural process. At the moment you switch over, 
let's say, from an aluminum construction to a steel construction, 
first, well, you have only limited time. You do it as good as 
you can in order to maintain the outer dimensions or maintain the 
overall weight or whatever is required or the other critical 
factors there, and go ahead. And then when you get feedbacks, 
you get feedback from the manufacturing, you know, well, you are 
doing here, we need a lot of work or so, can you do it simpler? 
Then you naturally think about it and develop processes which 
make it simpler. And in doing so, you might even have to change 
sometimes dimensions or weight or something, in order to do that. 

NEUFELD: At some point you decided then in early '43 probably, 
that the change was significant enough to require a new number in 
effect. I mean, in a sense that renumbering from 66 to 70 is 
stating that this is more than just fixing a few details, but 
it's a significant modification. 

MUELLER: Yes. It did not change let's say the internal 
functions and internal setup. It changed the complete gimbal 
system, naturally. For instance, the SG 66 had the same in the 
gimbal rings, the same dimensions as an aluminum ring and the 
same form, and normally such a gimbal ring is not a real round 
ring, it is round on both sides and it is flattened on the 
bearing side; just for structural reasons, you know, it is done 
like this. And then, if you consider manufacturing problems, 
then you would rather go to a complete round ring. That complete 
round ring would be much easier to manufacture, no doubt about 
it. You would not need these stampings and all these pressed 
parts. But you would have problems somewhere else, for instance, 
in the bearings. While with a flattened ring you gained a lot of 
space in there to put your bearings in, with just round rings, 
one after the other, you don't have that space any more. You 
wasted the space, to go from a flattened ring to a round ring. 
And so you needed a completely different bearing set inside, if 
you could do it at all, you know, but it was a design problem, 
whether it could be done or not. And sometimes if such a thing 
was done, it happened that somewhere a dimension had to change, 
you know. And so the gimbal ring finally, or let's consider the 
whole gimbal set, was different, was even a little bit different 
in dimensions, than in the SG 66, and this justified the new 
designation as SG 70, you know. You could not substitute one of 
the gimbal rings of the SG 66 by a corresponding SG 70. This was 
not possible any more. 

NEUFELD: So the difference between the two was first in the 
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nature of the gimbal rings, and the bearings that had to be with 
them, and in some of the details of the structure. 

MUELLER: Yes. 

NEUFELD: on the platform itself? Was there much difference in 
the instruments, the gyros? 

MUELLER: No, no, there was practically no difference in the 
instruments inside. Inside. There could have been differences 
in the pickups on the gimbal, the parts which are directly 
connected with the gimbal rings, since you had different mounting 
areas. So there were certainly slight differences in the outer 
parts, but not in the inner, anything which carried the gyros or 
the tilting program, or the pendulums. By the way, I might 
mention these things, this platform also was a self-aligning 
platform already, the SG 66. It had a pendulum system built in, 
which made it possible to align the system by itself, with regard 
to the vertical. 

NEUFELD: So that it started out aligned. 

MUELLER: It started out aligned. 

NEUFELD: With the vertical. 

MUELLER: The azimuthal part had to be adjusted from the outside, 
but the vertical. 

NEUFELD: By the azimuthal part, you mean essentially the 
direction--? 

MUELLER: --Of firing. 

NEUFELD: The direction of firing, which is the same as the pitch 
program. 

MUELLER: Yes, in the same plane, yes. 

NEUFELD: This may be repetitive of things we did yesterday. I 
can't remember quite what we talked about on tape and what we 
talked about afterwards with the pictures, but both these systems 
are based on three gyros to produce angles and three rate gyros 
on the platform as well? 

MUELLER: No. No rate gyros on the platforms. The rate gyros 
were supposed to be on that instrument which we called Heckring, 
which was built only for a few prototypes, and then it ran out 
because Peenemunde had developed their own mixing computer and 
made their own control systems. 
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NEUFELD: Okay, so on the platform then you would have the three 
gyros, and as it developed later with SG 70 I suppose, am I right 
to say that there were a few tests with the three axis stabilized 
platform, a few launches at the end of 1944, the beginning of 
1945? 

MUELLER: Yes. 

NEUFELD: Which system was that, the 70? 

MUELLER: There was one 70 included and the four others were 66. 
According to that document which I have here concerning the time 
from July to October 1 44. Another document mentions 14 
launchings with SG 70 in January and February 1945. 

NEUFELD: Do you know how many test launches they made? Of 
course this is at the very end of the war. With your system? 

MUELLER: This was on the very end. But I cannot say, I don't 
really know how, when they used them the first time or when they 
made the first time firings with the platform and how many they 
really fired. I certainly would suggest or believe that they did 
some firing before that, what I have here, on that document, 
which was written on December 11, 1944. But I have no record on 
that, when they used them the first time. 

NEUFELD: You don't have any memory either of when tests were 
made, when launch tests were made with any of those? SG 66 or 
70? 

MUELLER: No, this I don't know exactly; it must have been by the 
end of 1944 when they used 66 and 70. 

NEUFELD: Now, on the platform itself, so you had the three gyros 
which produced the stable platform, through servos. 

MUELLER: Ya. 

NEUFELD: And those servos, as I recall, were electric motors, 
right? 

MUELLER: Electric motors, relative primitive servos. 

NEUFELD: Did you have a problem again because of the poor state 
of the technology of servomotors, that these motors would have to 
be switched on and off so that you would have oscillations? 

MUELLER: Yes, the original design was so that it was just an on 
and off. And this really caused problems. You had to make the 
torque so high that it could provide support for the highest 
friction which ever would come up. That means it was 
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overdimensioned for 99 percent of all cases. And this resulted 
sometimes in an oscillation of the platform. This sudden hit of 
the torque motor when it switched in, the motor, gave too much of 
a torque to the gyro and the gyro precessed back and overshoot 
and went to the other side, so the motor could reverse torque, 
and this is the reason for oscillation in a gyroscopic system. 
But this was detected early already in our laboratories, when we 
tested the first instruments, that we were not on safe ground 
with that thing, and this was the reason I suggested then a two 
stage pickup, which was a complication and which reduced the 
accuracy to a certain extent, because whenever the gyro had to go 
to the second stage, it had to overcome the spring action of the 
first stage, which resulted in a reaction effect on the gyro. 
But in order to have a stable system, we took it and accepted it, 
you know, even if it meant somewhat more expense and somewhat 
more, shall I say, something in loss of accuracy. But since this 
was again a compromise which we had to make, at that time, 
because there were no real servo systems--if we have a little bit 
time later on to talk somewhat about our work here, I can 
elaborate a little bit on these servo systems finally what we did 
to overcome these things here on the more modern systems which we 
did here. But by that time, it was just a poor state of the 
technique. 

NEUFELD: Okay. So on the platform where the gyros that produced 
the stabilization, and so, and just the one accelerometer that 
you had planned to put on there, or what acclerometers had you? 

MUELLER: No, we did not put the accelerometer on at all. The 
platforms were all built and tested and delivered just with the 
gyros and with the necessary other equipment, the erection 
pendulum and the program motor for the tilting program, and a 
corresponding counterweight for the accelerometers, so it left it 
open what kind of accelerometer could be put on. By the way, I 
know one thing, Peenemunde must have fired a few of these 
stabilized platforms in connection with lateral accelerometers. 
See, Peenemunde started a development of a lateral accelerometer, 
that means one which could control the side deviations of the 
flight, and this was a man by the name Schlitt. I mentioned his 
name also in that little booklet here which I have on that. And 
he started the development of this lateral accelerometer, and to 
my knowledge, they tried one or two of these lateral 
accelerometers in flight. I think they could have done it only 
with a stabilized platform, because the lateral accelerometer in 
a turning rocket probably wouldn't be a good thing, so--

NEUFELD: The inaccuracy of it would be so significant that it 
would not be of much value to them. 

MUELLER: Yes. 
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NEUFELD: That gets us into a whole area that I need to 
understand, the source of inaccuracies in the Siemens system and 
in what way the stabilized platform was superior to theirs in 
terms of the accuracy of the missile at its target. 

MUELLER: Yes. For instance, look at the pitch gyro in the 
Siemens system. You know, the sensitive axis of the pitch gyro 
is let's see, it's parallel to the pitch axis of the missile. 
You know, the sensitive axis of the gyro is parallel to the pitch 
axis of the missile, and the pitch axis of the missile should be 
normal to the plane of flight. Now, when the missile was up, and 
it would rotate a little bit, let's say, to the--would make a 
longitudinal motion around--

NEUFELD: --The roll--

MUELLER: --The roll axis, then it would turn the pitch axis of 
the gyro around, and the pitch axis of the gyro would not be 
aligned any more as it was originally. This is easy to see. In 
a stabilized platform, all three gyros, including that pitch 
gyro, are inside of the stable platform, which does not make the 
motions of the rocket. So in such a case, when the rocket turns 
around, the axis of the pitch gyro still stays with respect to 
space, with--

NEUFELD: --It's space fixed except for the errors induced by 
oscillation or errors in the system. 

MUELLER: While in the other system, it is not space fixed, it is 
rocket fixed, and the whole theory is true only if you don't have 
motion around the axis. Now, this is a simple thing, you know, 
on the pitch axis. The whole thing is worse on the roll and yaw 
axis, where one gyro combines two axes, here, and if you consider 
for instance the yaw gyro, the output axis of the yaw gyro 
automatically becomes the stabilization axis of the roll gyro, 
because this is only one thing. 

NEUFELD: Okay, this is getting a little bit beyond my ability to 
keep up. The pitch gyro would be oriented, the axis of the gyro 
would be oriented not vertically along the longitudinal axis, 
right? It would be, the pitch axis, this gets very confusing, 
because I'm trying to keep the three dimensional picture in my 
mind. 

TAPE 4 1 SIDE 2 

NEUFELD: So in the Siemens system, with just two gyros, body 
fixed, you have .•• 

MUELLER: Yes, this is the pitch gyro here. And this axis is 
parallel to the pitch axis of the missile, here. 
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NEUFELD: Right. 

MUELLER: Now, this is the longitudinal axis of the missile here. 
You see, when the missile makes a turning around the longitudinal 
axis--

NEUFELD: --In other words, roll--when it rolls. 

MUELLER: --It turns automatically that pitch axis around. 

NEUFELD: Right. 

MUELLER: And the influence on the gyro is not correct any more. 
You know. So this is considering the pitch axis. Now, go back 
here to the yaw axis, the yaw gyro. This is the yaw gyro and it 
is also the roll gyro. Consider first the yaw gyro. This is the 
axis of the yaw, here. Now, if you have just a yaw motion and 
introduce a friction here, the gyro will precess around that axis 
here. 

NEUFELD: So these are both two degree of freedom gyros. 

MUELLER: This is a two degree of freedom gyro which uses or 
which has to stabilize two axes. This is also a two degree of 
freedom gyro which has to stabilize only one axis. And already 
this produces an error when the third axis rotates, here. But 
the error is even worse on this one. 

NEUFELD: on the yaw and roll gyro. 

MUELLER: Yes. Let's say, here, this is the yaw axis. You have 
a motion around the yaw axis which produces a torque here on the 
axis. In consequence of that torque, the gyro makes a precession 
around that axis here, which normally doesn't bother you if you 
have only one stabilization axis in the gyro. But if the second 
axis happens to be the roll axis of the gyro, you turn suddenly 
the stabilization axis of the roll, through a motion of the yaw 
here. 

NEUFELD: So that when you have a yaw excursion out of normal, 
out of what it should be in the yaw, the vehicle turns, 
essentially the nose goes left or right relative to the pitch 
plane, right? 

MUELLER: Ja. 

NEUFELD: So then the gyro would tend to precess in which 
direction, up and down? 

MUELLER: No, it would make a precessional motion around the roll 
axis, because the third axis is aligned with the roll axis of the 
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missile. 

NEUFELD: Okay, so that if there's a disturbing torque in the yaw 
direction, it will tend to precess around the roll axis. 

MUELLER: Right, it will precess around the roll axis. But in 
this case, the roll axis is also a stabilization axis for the 
roll, so you introduce an error. 

NEUFELD: An error in the roll. 

MUELLER: An error in the roll. And the same thing happens vice 
versa, you know. If you start a roll motion, then you produce an 
error around the yaw axis. Now, with a lot of technical little 
tricks, you can make this error effect low, you know. You can 
put a good friction compensation in, if you have--but even at 
that time here, where we did not have good servo systems, and 
before you could put your friction compensation motor in on the 
yaw axis, you had to have an angle of roll, you know, otherwise 
you don't have an affect on the torque down there. You introduce 
already an angle of roll. 

NEUFELD: So that you would potentially cause the control system 
to try to correct for that by rolling in the opposite direction. 

MUELLER: Ja. 

NEUFELD: When it wasn't necessary, so you would introduce an 
error, so the vehicle would probably tend just--! mean, with all 
the compensations and so forth you could reduce this, but it 
would tend to probably roll a little bit and yaw a little bit out 
of its proper--

MUELLER: You have to, you have to turn a little bit before you 
can switch your compensation means in, your friction 
compensations. And this causes errors, and now, assume that you 
have a rocket which makes little pendulous motions around yaw, 
you know. You have a constant motion of the roll axis in 
operation in order to compensate for that in the gyro. And the 
same thing if vice versa, when you have a motion around roll, you 
always get little motions around yaw. And since these things go 
on all the time when you go up there, and you cannot completely 
control them, you build up an error, you know, an error which 
grows with time, and generally grows linear with time, you know. 

NEUFELD: Also I guess in addition to that, if the pitch program 
is not exactly accurate, unless both roll and yaw are very, very 
stable, then you introduce a small error into the pitch program. 

MUELLER: Yes. 
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NEUFELD: Because then the pitch axis is not quite accurate, due 
to those other motions. 

MUELLER: In fact, if the pitch, if the whole thing is a little 
bit wrong, your whole tilt plane you know turns around with that 
gyro, because the potentiometer is put on that axis here. So 
this, and how much that error is in these things depends here on 
how good your servo systems are and how, with how small angles 
you can pick up a correction torque on the axis, and how much 
disturbance you have while you are flying. This is what it 
depends on. 

NEUFELD: And the ability of the control system through the jet 
vanes, air vanes, to respond, how fast it responds and so forth. 

MUELLER: Ja. So there are many more errors in than the stable 
platform from the very beginning, and you cannot do anything 
about that, you know. You can just minimize them as good as is 
possible by that time by the means which are available. But 
here, I think it was acceptable, you know, for the accuracies 
they required of the system, so they accepted that. But when you 
go out here, let's say, for instance, in a Saturn missile, you 
know, where you go 200 miles high, you want to go in orbit and 
you don't want to have errors up there, you know. So it is 
completely different, in such a system. 

NEUFELD: You need a truly inertial system. 

MUELLER: For instance, in the Saturn, you know, the Saturn gyro 
which we built was able to go up and was even able to make two 
orbits, you know. It was built for that, to make two orbits, and 
control the thing until the separation would take place, to go on 
the moon trajectory. 

NEUFELD: Right, after lunar--

MUELLER: --And that whole part was built completely on the 
inertial system. All references during that flight, you know, 
given by the gyros was due to the status of the gimbal system in 
the moment of launch. This is what it is built on. But then, in 
that long flight to the moon, you know, in the Apollo, it would 
be impossible, you know, to make that moon flight, which takes a 
whole week and includes orbits of the moon and go back, and put 
it on that reference system, you know, which you had here. 

NEUFELD: You mean, talking about the guidance system in the 
Command and Service Modules, had to be--

MUELLER: Yes, the Command and Service Modules. So what was done 
there, the Command module had its own gyros, you know, its own 
gyros, and people think usually, the flight to the moon, what the 
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gyros might have to do, you know, to fly to the moon. Well, it 
would have been impossible with the inertial system even of our 
quality, you know, to make a good moon flight, just using that 
reference system which brought the missile up there, because of 
the time factor which is in. So they used single gyros, it's 
called, somewhat like this, like this single axis, except they 
were supported in fluid, you know, this is how Draper designed 
gyros, Draper gyros, and these gyros now did not care about the 
original reference any more. You know, in fact, they were even 
switched off during the flight when everything was stabilized. 
And they could be put in again, started again, you know, in 
orbit. 

NEUFELD: Yes, through star navigation or from the ground you 
would start it over again. You'd give it a new reference 
starting at that point. 

MUELLER: So some people think, well, this was a real problem out 
there, you know. No, this was not the real problem. The real 
problem was this, here, to bring it up. 

NEUFELD: And to keep the---

MUELLER: --Into that exact--(crosstalk) 

NEUFELD: --Keep that inertial reference in there in the 
instrument unit of Saturn V for four or five hours. 

MUELLER: This gyro, ja, this gyro in the Saturn system, they 
were the most accurate gyros without compensation which were ever 
used, you know. And they were very close to the Pershing gyros 
in that Pershing system. They were a bit improved by Bendix, but 
otherwise it was the same thing. And I'm pretty sure that the 
gyros met the accuracy requirements which we had put on by that 
time already, early already, that they had drift rates of about a 
hundredth of a degree per hour, something like that. 

NEUFELD: By World War II standards it's an incredible 
improvement. 

MUELLER: Ja, and we have not, so far we have not talked about 
the SG 66 accuracy. 

NEUFELD: That's right, that's what I wanted to get to. 

MUELLER: In the SG 66, for instance, in spite of all that effort 
which we had made at that time, you know, we had an accuracy of 
about four or five degrees per hour. This is what we could 
produce in the laboratories on accuracy. We had platforms which 
were better, you know. Sometimes there was one which had one in 
one axis, less than one degree per hour, but this was just by 
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accident. It was not reliable. The value you could really 
depend on was four or five degrees. 

NEUFELD: Okay. 

MUELLER: And even then there were some sometimes, we didn't know 
why, which had suddenly eight or ten degrees, you know, and a 
gyro like the Siemens gyro here, I think the best values they 
might ever have gotten were about ten degrees here an hour. 

NEUFELD: Now, I wanted to understand the whole issue of the 
lateral dispersion and range dispersion in the target. We talked 
about, you know, the problems that that creates with the Siemens 
system. Effectively there was no correction for lateral 
dispersion in the Siemens system. 

MUELLER: No, except they made some flights with radio control, 
you know. 

NEUFELD: Leitstrahl. 

MUELLER: Leitstrahl, yes. 

NEUFELD: Okay, or guide beam. 

MUELLER: A kind of radio control. 

NEUFELD: Okay, so we were talking about the accuracy. You were 
saying there was no correction at least for lateral dispersion 
except when they tried to use the guide beam to keep the missile 
from wandering. 

MUELLER: Yes, that's right. 

NEUFELD: The Siemens system kept the attitude of the missile 
correct. 

MUELLER: The attitude, yes. 

NEUFELD: And either through the Wolman system of radio cutoff or 
through an accelerometer they tried to govern the final cutoff 
velocity. The height adjustment at cutoff was only made by 
trying to follow a standard trajectory, so that could also 
introduce an error. What the actual cutoff velocity was, there 
might be a variation in the height at that cutoff velocity. 

MUELLER: Yes. 

NEUFELD: And they'd also experimented with lateral 
accelerometers, in order to see, was that only for attitude 
control, or was that as well to try to reduce the physical 
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dispersion from the trajectory? 

MUELLER: It was not attitude, it was trajectory control. The 
little accelerometer. It would control the trajectory. The 
deviation from the prescribed trajectory. If the rocket would go 
out of the firing plane sideways, it would produce an 
acceleration in that direction, and this would be measured by 
that aceelerometer, and I don't know what kind of integrator 
Schlitt proposed by that time with the accelerometer, but I think 
it was electrical integration. He proposed electrical 
integration. And so, the output of the electrical integration 
would have been the side velocity, the error velocity to the 
side. And then he could have given that signal back into the 
mixing computer and controlled the rocket back into the flight 
plane. 

NEUFELD: But when you're not on a stabilized platform, there 
must be an extremely complex problem, introducing a lot of 
errors. 

MUELLER: You would have to have an accelerometer which is 
independent in one axis. So that it could be turned around the 
program axis. If it is independent in one direction, then it 
could be used. But for simplification it would be nice to put it 
on a platform, where that problem is not even there. 

NEUFELD: So with the SG 66 and 70, were you striving for what 
we'd call now a fully inertial platform? You couldn't really do 
that because you didn't have accelerometers in three directions. 

MUELLER: No. By that time we did not consider a fully inertial 
control system like we are talking about systems today. Today, 
we talk about trajectory control in three components, see, one 
forward component, one lateral and one slantwise or whatever you 
call it, you know, depending on how it is placed in. And this 
was not planned on the SG 66. The SG 66 was only planned with 
forward control, trajectory control forward, with a second 
integration, and of course if there would have space, there would 
have been a little bit space available, if there was an 
accelerometer which could have measured the lateral it could have 
been put on. But it was not in the original planning. 

NEUFELD: So you certainly were not planning to have three, 
accelerometers in all three axes? 

MUELLER: No, no. It was not planned. It could have been done, 
you know, if the space was provided for that accelerometer 
integrator and if one would have had three accelerometers, one 
could have put them on. 

NEUFELD: But I assume probably you would also have had the 
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MUELLER: Certainly. 
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NEUFELD: It was probably over, it was probably more complex than 
the equipment could support. 

MUELLER: Yes. Ja. You see what difficulties it was to make a 
second integration in longitudinal direction. You needed a 
ball-and-disk integrator you know in order to do that. You 
couldn't have possibly put on three of these things, you know, 
for three directions, so the integration would have to be 
performed outside by electrical means or so. 

NEUFELD: Electronic. 

MUELLER: Electronically, which was not possible by that time. 
At least not when we started the SG 66. 

NEUFELD: And even Hoelzer's Mischgeraet analogue computer 
probably did not have the capacitry to perform such a complex 
calculation. 

MUELLER: He, with a little bit time and so he probably could 
have solved it, you know. Of course, it is somewhat different 
from what he did. He did all this integrations and 
differentiations only concerning the oscillations of the missile. 
Here, there would be integrations involved with, on a long time 
basis. 

NEUFELD: Also the trajectory control problem then. 

MUELLER: Yes, which would have required some different means, 
because he made his integrations with capacitors, and such 
elements, and this you can do only for oscillations, but not for 
a long time. You can capacitor integrate for a minute or so, at 
least by that time we could. 

NEUFELD: So that it wasn't really possible to electronically 
integrate, you know, the corrections for lateral dispersion and 
distance from planned trajectory. 

MUELLER: By that time it would have been a tremendous 
difficulty, to do that. 

NEUFELD: This gets me out of the time, takes me out 
chronologically, but was that, did you solve that problem with 
analogue computers in the 1950's on army missiles here, Redstone 
and Jupiter? 

MUELLER: Yes. Yes. 
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NEUFELD: Not with digital? 

MUELLER: No, no, the digital came in later on, '55 around so, 
you know, 1 56, came in, and on Pershings there was already some 
digital involved. But on the Redstone, it was not. It was 
analogue. It was a ball-and-disk integrator. 

NEUFELD: Really? And did you integrate then in all three 
directions for trajectory as well as attitude? 

MUELLER: I think in the Redstone we had two directions only. 
There were two accelerometers, and these were integrating 
accelerometers, this type. 

NEUFELD: Like your type. 

MUELLER: Yes, but tremendously modified. For instance, with air 
bearings, we used air bearings by that time, and the 
ball-and-disk integrators were outside, outside of the platform, 
on the Redstone missile. 

NEUFELD: So Jupiter was the first fully inertial system produced 
here? 

MUELLER: Yes. You can say Redstone was already the first fully 
inertial, even if it had only two accelerometers, because the 
Redstone was a relative short range missile. It was only 200 to 
300 miles. So the third accelerometer was not of such an 
importance. The third accelerometer became very important only 
for longer ranges, when the flight time gets longer, then this is 
necessary. So I think the Jupiter was the first one which had 
three accelerometers on. 

NEUFELD: What was the axis that you did not have an accelerator 
on Redstone? What accelerometer did you leave off? 

MUELLER: Redstone had slant range and lateral accelerometer 
integrators. On Redstone, I think the gyros were about a tenth 
of a degree per hour by that time. Now, it could have differed a 
little bit, you know, but what we really built the thing on and 
what we figured on, what we were confident we could reach with 
our pre-tests on the gyros which we had made all the years before 
indicated about a tenth of a degree per hour. on this. That was 
the following thing. When we started, 1946, in Fort Bliss, I was 
already building up a little gyro laboratory in Fort Bliss, and 
we did not have a real assignment. And the transfer to 
Huntsville came in 1950, so during this time, what we really did 
in the gyro laboratory, we just did try to improve the 
components, you know, to develop frictionless gyros by developing 
the air bearings further, and develop synchronous gyros. 
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NEUFELD: What is a synchronous gyro? I don't know. 

MUELLER: It does not have slip any more. See, an asynchronous 
gyro should run actually with 30,000 revolutions per minute for 
500 Hertz frequency, see, but in reality, it is not synchronous. 
It does not run synchronous with the rotating field that is 
produced by the frequency. So it slips a little bit behind. So 
the real gyro speed is uncertain in an asynchron gyro. Instead 
of 30,000 revolutions per minute, which is the normal value, it 
would have been 29,850, or it could have been 29,890 or so. You 
couldn't say. It was depending on the pre-tension of the 
bearings and all such things. So we developed synchronous gyros, 
where you could depend on the speed really. If they said 30,000, 
or here we used 24,000, it was really 24,000. And if you had a 
computer like this, this accelerometer is actually a kind of 
computer, then it is important, if you want a high accuracy, that 
you know exactly what the speed is, because the speed goes in, in 
a linear way, in the computing process. 

NEUFELD: Even when the computer is, as is the case with your 
accelerometer, mechanical, electromechanical system. 

MUELLER: Yes. And then we developed symmetrical gyros. 
Symmetrical gyros means gyros which do not produce shift of 
center of gravity when the temperature changes. These old gyros 
here, when you run them up and they get warm, you know, the rotor 
shifts a little bit to the side because the material expands 
differently and you need different kinds of material in there. 
So we had symmetrical gyros. This was a main problem, you know, 
to build symmetrical gyros. Synchronous gyros. Then we did a 
tremendous effort in servo systems here. For instance, on the 
Redstone then we still used magnetic amplifiers, which were huge 
heavy things, but the magnetic amplifiers gave us already some 
better servo systems, more accurate servo systems, with less 
reflection into the gyro system, so we took in consideration that 
we had a heavy weight, and in fact the box in the Redstone gyro 
which contained the magnetic amplifiers for the servo loops, on 
the gyro it was 90 pounds, just this amplifier box. 

NEUFELD: Again, this is going a little past my understanding, 
but magnetic amplifiers were to control the--the servo motors 
were electric, right? 

MUELLER: To control the--

NEUFELD: --They were electrical motors, so your problem 
essentially in designing servo motors is to be able to turn some, 
have something which responds extremely quickly and accurately. 
It turns on and off. 

MUELLER: Right. 
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NEUFELD: On extremely short time scales. 

MUELLER: Short time scale and produce finally the current which 
will operate the motor, you know. Your amplification system must 
be able to produce a few amps output, you know, on whatever your 
voltage is, on 24 volts or so, in order to operate that motor. 
You cannot have a quick servo motor without a real push behind, 
you know, electric push. And this was a problem, you know. When 
we used a contact like this here, where you could easily--

NEUFELD: --You mean on the--Okay, again, on tape we can't see 
this, so you're pointing to the German accelerometer. 

MUELLER: Yes. When you use the on and off contact, you could 
switch one amp or so, you know. But if you did not have that, 
how could you produce a few amps which you needed in the motor in 
order to drive that thing? And this was done then by the 
magnetic amplifier. It's in principle like a tube amplifier. 
You put a small current in or small voltage, and you get a higher 
voltage or higher current out, in order to drive that motor. And 
there were no transistors by that time. And another problem of 
course was the pickup itself. You know, you needed a reaction 
free pickup on the gyro or whatever it was. So first, I 
remember, we used a little airstream which was directed, we 
called this a bolometer, which was directed at two resistance 
wires, and the resistance wires were close to each other, and the 
air stream could go between them in the zero position. And when 
the gyro moved, then the airstream cooled the one wire or cooled 
the other wire, and when the wire was cooled you had a change in 
resistance and therefore in voltage, and then with that change in 
voltage you could operate magnetic amplifiers. But this was not 
a satisfying thing. It was only a temporary solution. And then 
later on we started to use inductive pickups, which are 
essentially transformers, where the one part of the transformer 
moves a little bit when the gyro turns and creates, induces a 
voltage in the other coil, and you have two coils, you know, so 
that you induce a voltage here or you induce a voltage on the 
other one. These are called inductive pickups, and they are the 
pickups which are used today, such inductive pickups and 
rectifiers and amplifiers, all what is, what you have available 
to go in transistors. 

NEUFELD: And now beyond that, integrated circuits. 

MUELLER: You have it, ja, you do it with-

NEUFELD: --Micro-miniaturization. 

MUELLER: It's very small voltages today in the integrated 
circuits. The integrated circuit really makes it possible that 
you can notice already the slightest motion of a gyro without 
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much reaction. You do not have to go out half a degree before 
you get a voltage on your pickup. You have it when you go out a 
hundredth today, or even less. Because you have to operate only 
milliamps and millivolts in such systems, and then you amplify 
behind the integrated circuit. In the integrated circuit you can 
also do the mixing easily without all the--it's a completely 
different world. 

NEUFELD: Yes. Of course, this helps me a lot, just because I'm 
not really working on that period but it enables me to understand 
where the technology was in 1940, what areas you were dealing 
with and what problems you were dealing with, when I compare it 
to what we have today and what was developed in the United 
States. 

MUELLER: Yes. For instance, I remember one thing, there was a 
distance meter on ships, you know, and the distance meter had a 
basis of about ten meters, you know, for the two optical outlets, 
and you could of course observe another ship only if that 
distance meter was stabilized in such a way so that it didn't 
make the motions of the ship. You know, if you looked at another 
object, you wanted that the ship could make its motions without 
that distance meter making the same angular motions. So you had 
to stabilize that instrument. Today, well, somebody would take a 
small gyro and build a nice servo loop, put a large motor on that 
thing, and stabilize it by a motor, and if it is done right, you 
wouldn't even notice the motion of the ship. It would be 
wonderful. But by that time, things like that were not possible, 
so we put on large gyros which were so powerful that they could 
hold that large instrument by itself. And these gyros were more 
than 50 centimeters in diameter, which is a half meter. Can you 
imagine such a thing? 

NEUFELD: One and a half feet or more than one and a half feet in 
diameter, those gyros. The gyros were, for the navy purposes at 
that time, very, very large and heavy. 

MUELLER: The gyro was maybe four or five hundred pounds. 

NEUFELD: The rotor on the gyro. The bearing problem, friction, 
so all these gyros that you've been talking about in the German 
era were all ball bearing gyros? 

MUELLER: Yes, they were ball bearing. 

NEUFELD: Had you explored, researched the possibility of air 
bearings or liquid bearings during the war? 

MUELLER: Yes, we had, let's say we had started, in 1944, but it 
was insignificant in comparison to what we did later on, here, 
you know. It was almost nothing really. On air bearing 
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developments, what I had done were only the bearings which were 
used in that overground compass which I mentioned, that Gievers 
was so much interested in, and they were relatively primitive in 
comparison to our later air bearings. But they were, well, they 
were not exposed to high accelerations, so they were just made so 
that they were running without friction. They had certainly 
disturbing torques by that time which came from the air stream. 
It was compressed air which was used. And we were in a stage 
that we did not even care about these little torques which were 
produced at that time, these disturbance torques. And then I did 
go one step further. I made a design actually of an SG 66 which 
contained three gyros which were supported in air bearings. And 
that was the first time that I really gave a little bit form to 
an air bearing. I built the air bearing around the whole gyro, 
like it is done today, you know. It was a cylindrical, like a 
can, so to say--the gyro was in a can like a beer can, and around 
that can was the air bearing, around the whole thing, with two 
side plates. But at that time, I could not consider and I did 
not consider dimensional stabilities, you know, and how such a 
thing would operate later on, and how effective it would be, and 
whether it was able to carry a few G's, to carry the gyro under 
the load of a few G's. It was just a laboratory model. And 
because of these air bearing sleeves which had to be put around 
there, I had to deviate from the normal gyros, from the gyro 
angular momentum and had to use a much smaller gyro, so the 
angular momentum of that gyro in comparison to the SG 66 gyro was 
50 to 7. So, so much reduction was required in angular momentum, 
from 50 to 7. 

NEUFELD: What units are you talking about when you say 50 and 7? 

MUELLER: 50 million angular momentum, you know, is the 
dimension. And this was reduced to 7 million. 

NEUFELD: So it was 7 million gram centimeter squared 1 sec ? 

MUELLER: Yes, so it was quite a--

NEUFELD: In other words, about one-seventh angular momentum. 

MUELLER: One-seventh. And this would have led to oscillation in 
the platform, you know. It would never have been a stable 
platform without having a much better servo system. But we did 
not have a better servo system by that time. And when, in '44, 
this instrument was built, by the end of '44, and if it would 
have been tested really, you know, if we'd had the time to go 
ahead, it would have been absolutely necessary by that time to 
produce a better servo loop for this. And this was true in 
particular since the air bearing, at least the air bearings by 
that time did not have the stiffness of ball bearings, for 
instance, so the air bearing introduced an elastic member in the 
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whole stabilization loop of the gyroscope or the stabilized 
platform, and this would have been another tremendous drawback, 
you know. So it would have required improvements in servo loops. 
But in spite of that, I did it, and the instrument was standing 
there, and I can say I built the first stabilized platform with 
an air bearing, but it would never have been able to fly, in that 
condition. 

NEUFELD: As far as you're aware was that the first air bearing 
experiment in the world? 

MUELLER: Since I can say, I don't--

NEUFELD: --or in Germany? 

MUELLER: I believe, yes, I might say, but ••• we did not have too 
much insight in what other companies did, you know. Everything 
was secret during the war in Germany. So I don't know what other 
companies really did. But I believe that our company was ahead 
in that respect, and this in particular because of Boykow•s 
original idea, that overground compass. And he gave us the idea 
to follow up on that thing, and one of the drawbacks, why it 
never worked out, was that we did not have friction free 
bearings, you know, which this system really required, and so he 
was inspiring, you know, in helping and developing the first air 
bearings for that miniaturized system which he had in mind there, 
and well, the outgrowth then was that I switched over and used it 
in the stabilized platform, and made design improvements and 
tried to make it possible. Dr. Gievers had for years tried to 
develop liquid supports, you know, water bearings, and he was 
successful in one instrument which was a north seeking gyroscope, 
and this operated really on water bearings, and was also used. I 
think it was used later on by the German army even for finding 
north directions, in--

TAPE 5 1 SIDE 1 

NEUFELD: Now, I'm trying to think of what's left. Did we finish 
the air bearings and the liquid bearings, pretty much for the 
German period? 

MUELLER: Yes, I think. 

NEUFELD: And have we covered everything from the German period 
as far as the technical issues were concerned pretty 
comprehensively? Can you think of anything that's been left out, 
any important developments? 

MUELLER: Well, I think we covered everything. We probably 
didn't discuss all the details on some of the areas, but 
basically I think that was all, what we had to mention in that. 
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NEUFELD: Okay. I wanted to ask you a couple of non-technical 
questions, you know, some details. First there was, as your wife 
mentioned yesterday at lunch time, you were moved to the 
Sudentenland. When was that? The company, Kreiselgeraete, was 
moved. 

MUELLER: It was at the end of 1943. It was not the whole 
company which moved. It was in particular the development area, 
and then certain production, certain production on smaller gyros, 
which they moved into another area, also in the Sudetenland. But 
the development area, this was all that was under Gievers, was 
moved end of 1943. 

NEUFELD: To where in the Sudetenland did you go? 

MUELLER: The place was called Niedereinsiedel. It was close to 
a city, Sebnitz. Sebnitz was on the German side .•.. 

NEUFELD: That's near Sebnitz. Sebnitz was in Sachsen? 

MUELLER: Ja. Near to Sachsen. The next city on the Elbe was 
Schandau, and Dresden, southeast of Dresden. 

NEUFELD: Okay, east of Dresden. 

MUELLER: Yes, southeast of Dresden. It was a small city, 
Niedereinsiedel, just behind the border, behind the old border, 
not deep in the Sudetenland, just behind the border. And we 
established the laboratories there, and I had a large office 
there, construction, you know, design and construction. And the 
laboratory activity went down a little bit by that time, because 
we could not build up the laboratories as they were in Berlin, 
you know, the ones we left, so--on the other hand, on my side, 
engineering and design, what was my main activity really, was 
going full step further like it was in Berlin. 

NEUFELD: Did you gain any time from not having interruptions for 
air raid warnings and things like that? How much did that also 
disrupt Berlin activities? 

MUELLER: In Berlin, in the latest half year or so, there was a 
lot of interruption at night, you know. Day time we did not have 
many air raids in that area, but at night, and well, and people, 
there was always a group of people which had to stay in the plant 
at the plant overnight, you know, to help in case some other 
problems came down or something was done, you know, or 
Brandbomben, you know. 

NEUFELD: Yes, incendiary bombs. 
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MUELLER: Incendiary bombs. So it was a strain on the people, 
you know, and if somebody was standing there half a night or 
maybe was there the whole night, you know, the sleeping 
facilities were normally not like at home, you know, if he could 
sleep at all before or after the air raids. So the next day he 
didn't have his full power, you know. There's nothing you could 
do about it. Even if he didn't say so or he was not supposed to 
say so. And this of course was not the case down there. I think 
we had no air raid whatsoever during that whole time we were 
there. So the working time was increased, so official working 
time was 72 hours a week there. 

NEUFELD: Is that a six day week normally? 

MUELLER: Yes, a six day week. It was so Saturday we worked one 
or two hours less in the afternoon, than on the other days, but 
the whole thing was 72 hours. 

NEUFELD: And what impact did that have on efficiency? You know, 
the move there. You said you lost a little bit of ability in the 
laboratory. 

MUELLER: In my area I think there was not much effect on 
efficiency. But in the laboratories, there was, and mainly due 
to the fact that they didn't have all their equipment, and they 
didn't have the room, you know, the space which was required. 
This, all work was done on the navy, for instance, navy 
investigations on larger instruments, it couldn't be done at all. 

NEUFELD: Did it have less of an effect on you, on your 
instruments? Because you were working with small gyros? 

MUELLER: Well, it would have, if at that time we would have had 
to produce a number of instruments, it would have had an effect, 
because the workshop facilities which we took along were much 
smaller than the ones which were available in Berlin. So we were 
not in a position to produce, let's say, a few SG 33s, you know, 
in half a year. This would have been out, there. The 
manufacturing capability even for prototypes was very much 
limited in comparison to Berlin. It could have been done then in 
Berlin, but this would have been a complication, you know, to do 
this back there. 

NEUFELD: To send the requirement back to Berlin to be made, 
whoever was left there. 

MUELLER: Yes. So the workshop facilities allowed only smaller 
test things or small assemblies. 

NEUFELD: How about communications with Peenemunde and dealings 
with them? Was that more complicated? 
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MUELLER: The communication with Peenemunde was not the same any 
more as from Berlin. Even the visit of people from Peenemunde to 
the company were very much less than what was in Berlin. It was, 
by that time already so difficult to travel in a normal way, you 
know, and into such an area, which was away from bigger cities, 
and we were away 60 or 80 miles from Dresden. Even that meant a 
lot in Germany by that time. If you were away from a bigger 
city. 

NEUFELD: So travel was difficult. 

MUELLER: Yes, travel was very bad. So these were complications, 
and in the overall they were not too good, you know, for the 
further progress. 

NEUFELD: I wanted you to put on tape the story you told 
yesterday, about the atmosphere in the Third Reich, particularly 
the threat to you that was made, just to illustrate the kinds of 
problems that people had to work with from the political side and 
so forth. 

MUELLER: That was a very bad situation in Berlin, because in 
Berlin they had built up the political organization over years, 
and that was a little bit disrupted with that group which had 
moved to the Sudentenland. These people were not all included in 
that move really, you know. 

NEUFELD: You mean the party members, more the political--? 

MUELLER: Yes. That little incident I mentioned yesterday--

NEUFELD: I would like you to tell that over again so we have 
that on the record. You personally felt threatened at one point. 

MUELLER: Well, I don't know where I should start really. 

NEUFELD: You were not a party member. 

MUELLER: Ja, I was not a party member. I had one particular 
incident there, once, after an air raid, I had a meeting with two 
other people of the company, and during the discussion, there 
before we started the professional discussion, one of the other 
people mentioned the air raid in the night, and I made a remark 
that it could be even worse when the Americans would come in one 
day. And the next day or so I found out, or I was called to the 
director and I found out that one of the participants of that 
meeting had reported my little remark to the political 
organization, and they had made a big noise about and mentioned 
then that people like that would have to come into a 
concentration camp, and it required action of the director of the 
company to calm these people down. 
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NEUFELD: He said that you were irreplaceable as far as-

MUELLER: Yes, they should consider that I was so long with the 
company and had much experience in my field and even if I had 
made such a remark which was considered defeatism at that time, 
and it would still be better for the overall effort if I would 
stay in the company. 

NEUFELD: But you said that somebody said to you that "we have no 
use for you after the war." 

MUELLER: Yes, one of these political people came then after that 
to me and said, after the war they could not use people like me 
any more in these organizations. 

NEUFELD: Did you perceive that as a serious threat at that time? 
Did you take that seriously? Did it worry you? 

MUELLER: Well, I certainly was a little bit worried about it, 
and I wouldn't have come up with such a remark any more, you 
know. I certainly did feel threatened. But these people, these 
political people were not included, you know, they did not belong 
to that organization which was moved then finally to the 
Sudetenland. So when I worked then in the Sudetenland, I could 
say, well, nobody dared to say anything either, but at least they 
were not around, they were not so close to you by that time. 

NEUFELD: When you say the political people, you're not talking 
about just other technical employees of the company who happened 
to be members, or are you? Was there a special political watch? 

MUELLER: They were employees of the company. No, they were 
employees of the company. 

NEUFELD: But they were enthusiasts. 

MUELLER: They were enthusiasts, and--well, they were even more. 
They were direct political, like the Blockwalters in the civil 
life, you know, watching over a certain area and the people in a 
certain area. 

NEUFELD: How far back did that go, where you felt that there 
were people watching what you were saying and so forth? All the 
way back to '33 or did it noticeably increase over time? 

MUELLER: This particular incident was, I would think, around the 
beginning of '42. 

NEUFELD: What I'm trying to ask is, that political control, that 
watching over of people, did that go all the way back to '33? 
Did you feel that was the case at the beginning of the war? 
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MUELLER: No, I wouldn't think it did go direct back to 1 33. It 
came later on, you know, later on; when this was really obvious, 
this was, I would say, oh, when the war started, around that 
area, '39 or so. 

NEUFELD: So it was something that really came forth during the 
war, that you felt that you were being watched and had to be very 
cautious. 

MUELLER: Yes, particularly when the war started, then it 
really--

NEUFELD: So I wanted to ask you about the evacuation, and how 
you ended up with the Peenemunde group at the end of the war. So 
you were at the very end of the war, you were in the 
Sudentenland. 

MUELLER: 
left that 
that time 
any more, 

NEUFELD: 

MUELLER: 

NEUFELD: 

Ja. On the Armistice Day, which was the 8th of May, I 
place there and tried to go back westward, because by 
it was absolutely clear nothing could come out of it 
so I decided to go and try to go to the west, and--

You were already overrun by Soviet troops? 

No. 

You were in the area that had not been occupied? 

MUELLER: It was in an area which was not occupied by the 
Russians. But the Russians had occupied already Berlin by that 
time, and they were in a move north to south to Czechoslovakia, 
to Prague, so there was not too much information available 
really, you know. You had to take certain risks if you did go 
out of the place where you were. So I tried to go westward, and 
wanted to go into my home area, in Thuringia, which by that time 
was already in the American area, you know. The Americans were 
further east already. So I hoped I could in some way come 
through and go to my home area. Although I had a house in Berlin 
which I left there by that time. But on the way back, I 
encountered actually the Russian armies. The Russian armies 
which--

NEUFELD: --Moving into the unoccupied areas of Czechoslovakia. 

MUELLER: Ja, which moved from north to south. But then it was 
still possible, you know, to--there were lots of German soldiers 
by that time which also moved backward, and you could go arrange 
with such a group, you know, and try to move through that Russian 
occupied area, which I did really, you know, move back toward the 
west. Well, after a few days and nights I arrived really in an 
area with a group of German soldiers which also tried to go 
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westward, in an area where the American lines were stationed by 
that time. And in some way, it was possible to move in, to move 
into the American zone. And in the first village or so, which 
was American occupied, we--I personally, I got from the 
Burgermeister some kind of a paper, you know, which made my 
further move legal, or legalized at least in a certain area which 
he controlled. And in this way, I could now go further and 
further, you know, from one place to the next place, and get a 
paper from the next one, and after about ten or twelve days, I 
really arrived in my home town in Thuringia. 

NEUFELD: Was your first wife with you at the time? 

MUELLER: No, she was there by that time, in my home town. She 
couldn't stay in Berlin any more because she was expecting our 
child, and so she had moved into my home area before the 
Americans occupied that area and she was living there with my 
sister. My sister was living by that time there. And so it was 
natural that I tried to go there. So I arrived there, and I 
stayed there for maybe one or two weeks. 

NEUFELD: This is in May, 1945? 

MUELLER: Yes, it was in May, 1945. And then one day I 
was--there was an American captain from the American Army and he 
had another officer with him. He was from the G-2 organization, 
intelligence organization. And they were looking for me. So I 
got in contact with them, and they suggested to me that they 
would take me out of that area and bring me further west, and the 
reason for that was that it was intended to give that area to the 
Russian occupation forces, to move back, you know. And so I 
accepted that right away, naturally, and I moved with my wife and 
my daughter was then there, she was three quarters of a year or 
so old, you know, a small child. They brought us finally to 
Wetzlar, and in Wetzlar they gave me a place to live there in a 
house, you know. But there was actually no other support, they 
interrogated me, they wanted to know what I had done, so, and the 
reason that they took me to Wetzlar was, they had occupied 
Wetzlar and occupied the Leitzwerk, which you might have heard 
of, in Germany, there was a company which made the Leitz cameras. 
It was a very famous company. This was in Wetzlar. And this, 
the Leitz company developed at that time at the end of the war an 
infrared seeker system for an anti-aircraft rocket development, 
and it so happened that I had in my office for a while a few 
people from Leitz, because in my office we designed a small 
gyroscopic platform for that same thing, and it should work 
together with that infrared seeker system. It had to--it needed 
a stabilization in certain respects. And so in connection with 
that, I knew even Leitz himself. There were two brothers and the 
one brother was a technical man, and he had visited our plant in 
Niedereinsiedel and he had discussed the problems he had and the 
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problems of ours, and so he knew that, and I also had that 
contact with the people which worked in my office from Leitz, you 
know, design engineers by that time and when the Americans went 
through the material at Leitz or Leitz gave the information about 
what they did and so, they found out about this instrument and 
said I had worked on the gyro system of that thing. And this was 
how they made contact. 

NEUFELD: For which missile was that? Was that the Rheintochter 
you mentioned yesterday? 

MUELLER: No, I don't think it was the Rheintochter. The 
Rheintochter was in East Berlin, Rheinmetall, where I was once 
too. It was another one, but I don't know the name any more of 
that one, that particular one. 

NEUFELD: There was Schmetterling, there was Enzian, and there 
were about four or five different, there was Wasserfall. 

MUELLER: This particular one was one where they wanted to have 
an infrared seeker in. And so I went there, they brought me to 
Wetzlar, they brought me together with Leitz again, and Leitz 
helped me a little bit to get established there in Wetzlar. And 
then of course I had worked also on another system once for a 
short time. This was a tank gun stabilization, you know, for 
tanks, they wanted some information, what I knew about the gyro 
system. It was not a direct gun stabilization, it was only the 
optical part was stabilized, you know. Then I gave them a 
certain report about that, and then this all took me about six or 
eight weeks there in Wetzlar, and by that time, I met one day in 
Wetzlar one man from the former crew in Peenemunde, and I was 
always wondering in the meantime what Peenemunde had done, what 
happened to the people of Peenemunde. 

NEUFELD: Do you remember who you met? Remember the name? 

MUELLER: The name was Mertens. This was a man I knew and I 
suddenly met him there just by accident, and he gave me right 
away the whole information, what had happened to that group, 
which I didn't know, and von Braun was trying to find all these 
people together which were scattered around somewhere, and so I 
decided to see, to try to get in contact with von Braun. And von 
Braun was by that time in a little city which was called 
Witzenhausen, and so I did go to Witzenhausen. 

NEUFELD: Witzenhausen is where? 

MUELLER: Witzenhausen is--

NEUFELD: --Is that in Bayern? 



-MUELLER-94 

MUELLER: No, it is north. It is somewhere, I think it belongs 
to Hesse 15 miles east of Kassel. Wetzlar an der Lahn, is this a 
meaning for you? Wetzlar an der Lahn in Germany? 

NEUFELD: That's near Marburg. 

MUELLER: Marburg, ja, and about 60 miles northeast of that area, 
there was a little town Witzenhausen, and von Braun was there, 
and this is where I met von Braun by that time. 

NEUFELD: How long had it been since you'd seen him, a couple of 
years? Since you'd seen von Braun? 

MUELLER: No, no. Last time I saw him, probably when he made a 
visit to Einsidel, you know. In Niedereinsiedel. And then I did 
not see him any more before I was west again, you know, and I did 
go to Witzenhausen. 

NEUFELD: When was the last time he came to you, 1 44? 

MUELLER: '44, yes. I don't think in 1 45. He didn't come any 
more. But in '44, but I can't say when that was, you know, some 
time in that area. And by that time, when I came to Witzenhausen 
von Braun had already negotiated with the u. s. Army, you know, 
about a group of people which they wanted to bring to the United 
states. And I didn't have a long discussion with him. He said, 
"We are going to the United States. Come along." Now, in such a 
situation, what would you do? You know. I accepted without 
knowing what was going on, you know. I said, "Yes, I come along, 
you can count on me." 

NEUFELD: Did that bother you at all, or did you think, look at 
the situation in Germany and say, it's so terrible there's no 
reason to stay here? Did it give you much pause? 

MUELLER: Well, in fact I would not have had enough time really, 
you know, because I lived in my home town only a few weeks, you 
know, a very few weeks, and then I was in Wetzlar, and in Wetzlar 
things were not so bad for me either because I knew Leitz and I 
got some support from Leitz, and Leitz even made me an offer to 
work with him in his plant, you know, employment offer. So I 
could have existed really there. But when I heard von Braun 
talking that we could go to the United States, I thought, well, 
that would suit me better. So I accepted that. 

NEUFELD: I guess the question is, why would it suit you better? 
You thought that's where the technological advances would be 
made, the interesting work would be? 

MUELLER: Ja. See, also, I said, I will never do anything again 
for what could be used in a wartime, you know. I thought that I 
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did that. But the change into such another field like cameras, 
like Leitz did, you know, would have been a tremendous change, 
you know. And Leitz made me that offer to work with him, and I 
did go around with that idea for a few weeks, you know, should I 
do something like this or not, and I thought it would be a very 
hard step for me, to go into such a different field, you know, 
this camera business. Of course by times there would have been 
other possibilities too, if I hadn't done this. But--so I 
accepted that, and then I did go back to Wetzlar, and I stayed 
back in Wetzlar for a few more weeks, and then I got contact with 
the American commandant in Wetzlar. He called me one day, and 
then he developed me that plan which they had in mind, you know, 
and then I got contacted once in a while, and after a few weeks 
they really made an arrangement, and I was transferred with my 
family then to Landshut, and stayed in Landshut for, I personally 
was a very short time there, I think it was only a week or maybe 
2 weeks, and then by that time they had already organized that 
trip of the first group of people which came here. 

NEUFELD: Okay, so you were •.• 

MUELLER: In saying, why did I select that offer, you know, to go 
to the United States--by that time, of course, it was not clear 
that we could stay in the United States. It looked like we might 
be here half a year or a year, you know. And besides there was 
another thing. As a young man already I always admired the 
American technology, Ford, the development of the Ford cars, the 
automobile and all these things. So this was a thing which I had 
as a young man. I always had the dream one day I would make a 
long trip to America. Of course, by that time then against all 
that was that I had a family, you know, so I had to think 
differently, and it was not by that time the foremost reason any 
more. But inside really I had a certain admiration for America 
and I'd always wanted to make once that trip. So this might have 
contributed a little bit that I did it so fast. 

NEUFELD: Was it in the 1920's that you were especially impressed 
by the United States? Was it in that era of time? 

MUELLER: Well, it was, ja, it was during the time when I was 
studying, you know, from 1 26, in the time to 1929, '30, and it 
still was during the first time when I was working with 
Aerogeodetic. Just by incident I once, I was elected as a young 
guy to look through all the technical magazines which the company 
had, you know, and look through and find out whether there was 
some interesting article which the company could use, some 
progress. And sometimes in these articles in these magazines, 
there was something, how the Americans did it, you know, or what 
they did or what progress was made. And this was another point, 
you know, which strengthened my idea, to get more information 
about America. 
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NEUFELD: I find it fascinating because I just finished an 
article on the fad for rocketry in the 1920's in Germany, and I 
noted when I was working on that the extent to which American 
technology was a fascination in Germany in the 1920's. It was a 
very broad-based thing. There were a lot of people. And you see 
it in the magazines, about science and technology, reports on car 
manufacture or skyscrapers or other things that indicate a 
fascination with American technology. 

MUELLER: Skyscrapers were another thing, you know. 

NEUFELD: Yes. This fits exactly with the things I wrote in this 
article. But I guess coming out of that I wanted to ask you, do 
you remember, this is a question I missed the first time, do you 
remember anything of the early rocket fad, the idea of going to 
the moon in the 1920's? Did you hear much about it at that time? 
Did you think much about it? You know, you had the rocket cars 
and the various experiments, the movie. 

MUELLER: I knew about these things, the rocket cars, you know, 
what was available for the people, what they could do, and I read 
about, you know, Oberth, what Oberth said. There was not much 
literature really by that time. And really, talking about going 
to the moon and so, that was the first time when I had a contact 
with von Braun, you know, and I was in Kummersdorf and we talked 
a few times about these things. Later on, but this was already 
here in the United states, this does not answer your question, 
really--well, I followed up as good as I could on that. You 
know, as a young man you are interested in certain things. But 
before I came to that company or before I had really contact with 
von Braun, I never did myself anything with regard to rockets, 
you know. Although I knew, I had heard about Nebel and Valier 
and these things. I knew that there was a place, a 
Raketenflugplatz in Berlin, you know, but I never would have 
joined such a group. I did not have a particular drive to go 
into rocketry by that time. This was not the case. 

NEUFELD: That's certainly what I needed to know, what you had 
heard of it. 

TAPE 5, SIDE 2 

NEUFELD: So you were only in Landshut a short time then, you 
said, before you were immediately sent to the United States in 
1945? Or did you go somewhere else after Landshut? 

MUELLER: Landshut? Well, how was it? No, from Landshut, I 
stayed only about a week or two in Landshut, and then we moved 
first to Le Havre, in France, and we stayed about two weeks 
there, I believe, and then we came by ship you know from Le Havre 
direct to New York. 
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NEUFELD: What month was that? 

MUELLER: That was in November, 1945. 

NEUFELD: So you were among the very first group to come over. 

MUELLER: Yes, it was the first group, except I believe von Braun 
and a few other people were flown here into the country, and I 
was with the first group which came over here. And from New York 
they moved us to Fort Strong and we stayed in Fort Strong maybe a 
week. 

NEUFELD: That's in Boston. 

MUELLER: Yes, near Boston. And then by train from Boston we 
were shipped down to El Paso in Texas, and stayed then on the 
post, what was it called? 

NEUFELD: Fort Bliss? 

MUELLER: Fort Bliss, ja. And we lived in Fort Bliss until 1950. 
In all the years, '46 we were there and then in 1 47, in March or 
April '47, my family came over here, they were brought over. In 
the meantime of course there was a change of contract. The first 
contract really was only for half a year, and it was extended for 
another half year, and then after one or one and a half years, 
they gave us really a contract which was then for five years, 
which was not originally expected by every one of us. Of course, 
I personally hoped it could work like this. 

NEUFELD: So you wanted to stay in the United states as an 
immigrant, right. 

MUELLER: Ja. When I was here I had the idea to stay here, ja. 
At least I would have preferred to stay here instead of going 
back after a year. And then in 1950, we moved to Huntsville, and 
in Huntsville there was that old Redstone Arsenal which provided 
quarters for laboratories and offices and so on. Actually, at 
first I didn't like the move to Huntsville so much. I personally 
liked El Paso better as a city, you know, and I could accommodate 
to the surroundings. I liked the desert after I was there for a 
while, which was strange from the very beginning, naturally, when 
I came there. 

NEUFELD: What was the first impression of you and other people 
about the desert, about El Paso and Texas, New Mexico? It's a 
very exotic environment in some ways compared to--

MUELLER: Yes, it was really strange for me, you know, because my 
home area in Germany, in Thuringia is very much like here, you 
know. Little mountains, 800, 2000 feet, and--
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NEUFELD: Forested. 

MUELLER: Everything green, you know, lots of forest. And there, 
this was different over there. But after a while I really liked 
it, you know. I liked this. It was warm in summer time but the 
air was really dry in El Paso. It was a healthy climate. El 
Paso was lying high up, you know, it's a high altitude. And 
finally we did go up on weekends sometimes to the Sacramento 
Mountains, and White Sands, so (both places in New Mexico]. And 
so that that move here, well, I think it was very much normal 
inertia a man has, you know, when something which you have built 
up changes suddenly again, and then of course, Huntsville was a 
very small town. It was only 15,000 people, and most of the 
people were agricultural people around here, you know. So it has 
a completely different character from El Paso. This was another 
moment, you know, which played a role in that thing. But then 
after we were here for a year or so or two years, and we got more 
familiar with the surrundings here, especially the Tennessee 
River and the back lakes on the Tennessee River and the other 
forests and so, then things changed, you know, and by the time we 
got accustomed to the climate here, which is different from El 
Paso, and after some years, you know, I wouldn't have gone back. 

NEUFELD: As far as what you were doing in general terms is 
concerned, you just said, talked briefly before, that you had a 
kind of a small experimental laboratory for guidance, right, that 
you were trying to improve components and so forth without a 
specific assignment. What did you work on and who did you work 
with? Were you combined in a group with Geissler and 
Haeussermann and those people at that point? 

MUELLER: No. It was organized in such a way that there were 
three or four large groups. One was the power plant, one was 
structural, one was design of rockets, rocket design, and one was 
guidance and control. Guidance and control was under Professor 
Buchhold by that time. And I was heading the group gyros and 
stabilizers and this was under Buchhold. Buchhold was guidance 
and control. First there was nothing. I had just a part of a 
building, you know, quonset huts, and it took about half a year 
and so to get the instruments and so, and then I requested they 
should bring a few other people over here, in case they wanted 
really to do something, you know, people with experience, and 
then one of these people was that Mr. Mandel with whom I worked 
many years in Germany, and they brought him over here later on. 
And then I had another expert which was from Kreiselgeraete. He 
did the first work on the air bearings which I had designed and 
so he had a little bit air bearing experience, and I asked von 
Braun to bring that man over and he did this. So we were now 
already three people. And then they hired a few people from 
here. And so finally it was a group of five, six people, and the 
Army provided some help, some military people, you know, which we 
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could use if we wanted to make some little experiments or so in 
the laboratory or build something up. In the meantime, we had 
requested instruments and material and things like that. So the 
first stage clearly was to build up a little gyro laboratory, 
which may have taken about a year until there was really 
something there and we had a few people assembled. And then 
another was a workshop where we could do some things. And there 
was another man, and he came from Siemens. He was a Siemens man. 
His name was Angele, and he was in Siemens connected with the 
production or improvement of the production on these LEV-3 gyros 
there. 

NEUFELD: LEV-3, the Siemens system. 

MUELLER: He had some gyro experience at least, more from the 
production side. And he took over the workshop area, and he 
hired a number of mechanics, you know, during the years. And 
after one and a half years we had a good functioning gyro 
laboratory with the possibility of making experimental models. 
And then we started to, because of lack of real tasks, you know, 
to build a particular stabilized platform, we started to make 
improvements on the components where we knew they were not good, 
you know, like these gyros which I said, symmetrical gyros, 
synchronous gyros, and servo loops and pickups and all these 
things and air bearings. We started really to make air bearings. 
And during that time I made a few proposals for stabilized 
platforms, for new platforms. One even they wanted to try to get 
a patent on, you know, but they did not follow up finally on that 
thing. But anyway, I wrote a few reports about such platforms, 
how they could be built and what they could do at that time, and 
we said, with all these things we make real progress. In the end 
in 1949 we had a good functioning air bearing gyro already, and 
we had the servo loops with these magnetic amplifiers, and we had 
the symmetrical gyro already or at least partially, and then came 
that move to Huntsville. And shortly after we were in Huntsville 
this group got the real assignment, you know, to build the first 
Redstone missile here. And this was a real strong push, you 
know. Now right away I started making plans for building a 
stabilized platform, a more modern stabilized platform based on 
air bearing gyros. And since servo loops still were not good 
enough, you know, to build a small platform, this led to a 
relative large thing. The platform when it was built was then 
150 pounds which was much heavier than the SG 66, and as I said, 
that amplifier box was 90 pounds just to support the gyros in 
that thing. But it was modernized. It had already symmetrical 
gyros. It had already synchronous gyros. We had solved that 
problem, maybe not 100 percent, we did more development work 
later, but it was there, and we had these bolometer pickups which 
I mentioned before. 
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NEUFELD: Bolometer? 

MUELLER: Bolometer, the air stream pickups. And we did some 
more work on the induction pickup. And so we built up this 
platform. And this, with this workshop which we had built up, it 
was a pretty good sized workshop, we could build this thing 
in-house, the first ones. And this we did. And during that 
time, of course, we made now rapid progress in all these things. 
On the very first, we were not sure whether we could stabilize 
the thing really with these gyros. With these elastic means of 
air bearing in there, you know. Improvement of the servo loops 
finally resulted in a system which operated. In the meantime, 
Professor Buchhold himself, he devised a scheme, the whole scheme 
of the guidance program, you know, for the Redstone Missile. 
This was then a missile which had a terminal phase already. See, 
it was not only guided during the propulsion phase, it also was 
guided during the final terminal phase. So--

NEUFELD: How was it guided during the final terminal phase? 

MUELLER: By the same stabilized platform, but by a different 
control system. It was, the Redstone was a missile which was 
separated. It was two stage, you know. 

NEUFELD: It had a separable nose cone, you mean. 

MUELLER: Yes, it had a separated front part or nose cone, you 
could say, and this nose cone was controlled by air fins. 

NEUFELD: Okay, those four small air fins on the missile version 
of Redstone were for control during re-entry. 

MUELLER: So the first time here we needed a stabilized platform 
which had to operate also through the free flight, you know, so 
that it could give still correct signals on the terminal phase. 
And we solved that problem, and in this way, we really built that 
heavy instrument. By that time, I had the possibility to look 
into what the Air Force did here on a parallel development by 
that time, you know, on what they planned for their first 
missiles, and there was one company which was A.C. Sparkplug in 
Milwaukee. They invited me one day to see that system which they 
had there, and when I came there and saw that thing, they used 
gyros which had about the same angle of momentum but these were 
liquid gyros, according to the Draper principle by that time 
already, and their system was three times as big as the 90 and it 
had a weight of about 250 or 300 pounds. 

NEUFELD: Really? 

MUELLER: It never flew, you know. 
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NEUFELD: That was the Draper system. 

MUELLER: This was one of the first Draper systems. And one of 
the main differences was that by that time, I had already changed 
the external gimbal system to an internal gimbal system. You 
know, a small internal gimbal system which was just strong enough 
to carry the structural load of the outer instrumentation, and 
the gyros and accelerometers were all placed on the outer system, 
so it was reversed. 

NEUFELD: Yes. We don't really have the time to get into that. 
I'll have to look at your piece to really understand it. I don't 
really understand it. 

MUELLER: The disadvantage was that there was only a limited 
freedom, in yaw and pitch, you know, or whatever, yaw and pitch, 
but it had freedom in the roll, you know, whatever you built it 
up there. But for these missiles like a Redstone you could make 
it so that this freedom never was exceeded really by the missile, 
you know. 

NEUFELD: If the control was good enough, it never exceeded those 
limits in pitch and--

MUELLER: --Yes, so for all the Army missiles this was a good 
thing. It made the stabilized platforms much smaller. At least 
at that time. Later on when very good servo systems were 
developed, you could also make the gimbal systems small. But in 
this way, all the platforms which were then developed for 
Redstone, Jupiter and Pershing, they were all built according to 
that system. 

NEUFELD: They were internal gimbals. 

MUELLER: With internal gimbals. Well, after the Redstone was 
successful, we did go right away to the Jupiter system. Then we 
had to go a step further, already. You know the Jupiter system 
could not allow such heavy weights any more so I started a 
miniaturization program which concerned the gyros and all that 
was connected with that. And in the Jupiter system, we used much 
smaller gyros already, made many changes with regard to material, 
in order not to reduce the accuracy with the size of the gyros. 
You know, we had to make many improvements. And the Jupiter 
stabilized platform was then smaller already in spite of the fact 
that it carried already three integrating accelerometers inside. 
I also supported the accelerometers in air bearings here in order 
to make them more accurate and take away friction errors. And 
this was all a very successful system, the Jupiter. Not many 
were built, as you know, because of the controversy which came up 
then later on. 
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NEUFELD: The competition between Thor and Jupiter over what-

MUELLER: --Yes, and especially that the Army was not allowed any 
more to build long range missiles, you know. The Army was 
restricted to short range, and so, from the Army side, they 
decided then to build the Pershing. And the Pershing was only a 
300 or 350 mile missile by that time, Pershing I. Later on it 
was upgraded a little bit, but it fell still into the 
jurisdiction of the Army then. And so we made an all out effort 
to make a real excellent system out of that Pershing, and the 
Pershing was a step further down in the gyros and also in the 
accelerometers. 

NEUFELD: In size. 

MUELLER: Miniaturized in size. Yes. And increased at the same 
time accuracy, and we went over to beryllium, you know, to make 
it lighter, and beryllium is a very strong metal, you know. But 
this required many internal changes to do such things, you know, 
because you have to match sometimes, because you still need 
different materials and have to match these things, that they 
compensate each other, in order not to create too much shift of 
center of gravity. So that Pershing was, in my opinion it was 
the most reliable stabilized platform which was ever available, 
or at least available at that time, and the most accurate one, 
and this was for a particular reason. I had a good contact with 
MIT, with Draper and what his people did, and I knew some of the 
people and I was a few times there in the Draper laboratories, 
and Draper also came here a few times. 

NEUFELD: When was that, in the mid-fifties? Later fifties? 

MUELLER: It must have been when the Pershing was going on, '56 
or so. I think Pershing was completed by '58 about, so in that 
area it was, when Draper was here. And the difference actually 
in that system, floating gyros versus air bearing gyros, is that 
in the floating gyro the can, you know, which carries the gyro, 
is floating and has to comply to the specific gravity of the 
fluid medium, the liquid, which was by that time 1.8. The air 
bearing gyro is completely independent in that respect. So the 
density of the can in the air bearing gyro was 5.6, three times 
or more than three times what there was available in the liquid 
bearing gyro. When you exploded an air bearing gyro and a 
floating gyro, then you could see how flimsy a floating gyro had 
to look, you know, in order to support the wheel. If you wanted 
to have the same angular momentum, you needed the same weight 
about in the wheel. You had to save all the other things in 
order to come to an overall density of 1.8 in the floating gyro. 
So what they did from the beginning, they used a smaller wheel. 
It was the same size but it had not so much mass, it was much 
lighter, and with that freedom in specific weight of the system, 
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this gave us so much possibility to build structural elements 
inside of the gyro which were dimensionally stable, which was not 
the case in the floating gyro. And therefore, the air bearing 
gyro was basically built in such a way that it needed no 
compensation. Even if highest accuracy was required, it was not 
compensated. Even the gyros which were later on used in the 
Saturn system were not compensated, had no drift compensation 
whatsoever. They were just built structurally so stable that 
there was no shift of center of gravity. At least not more than 
was tolerable for that drift rate. This was quite an 
accomplishment, and this was already accomplished in the Pershing 
gyro. And this made the Pershing gyro so, well, so accurate and 
so desirable, also the Pershing accelerometer. Now, that whole 
accomplishment, you know, Redstone and Jupiter and Pershing, this 
was, that was real accomplishment at that time in the gyroscopic 
area. And when we were through with the Pershing guidance 
system, this was actually also the time when I got an honorary 
doctor's degree, and I got this together, in the best company, 
with von Braun, with Rees, and with Rudolph, Arthur Rudolph, the 
one you visited, four people were honored by an honorary degree 
at that time in Rollins College in Florida. 

NEUFELD: Okay. I guess we have to stop, but I had one follow-up 
question to that, was, I'm afraid that a lot of the people who 
are writing the history of inertial guidance in the United States 
have focussed only on Draper, and what the Draper Lab 
accomplishments were, and in terms of, you feel that in the 
1950's in your development, you were probably more advanced than 
Draper. 

MUELLER: Yes, with regard to reliability and accuracy, we were 
definitely ahead. 

NEUFELD: I guess another related question to that is, the 
problem of exchange of technology. To what extent did you gain 
information from Draper experiments and Draper developments? And 
they gain from you? And to what extent were you working 
separately, parallel? 

MUELLER: No. The Draper reports all were available to me, you 
know. I had all the Draper reports by that time, so we knew 
exactly what he was doing. From our side here, we did not bring 
out many reports at the time. This was not so much in the 
interest of the Army by that time. Otherwise we could have done 
this really. But the MIT had knowledge about our system, enough 
knowledge to judge on this, and I think Draper himself realized 
this. At least when he was here and we presented all what we had 
done and the reasons why and so, he said, on the end, well, he 
realizes the systems are different, but we have room for both 
systems. You know, he really said that, with about the same 
words as I repeated here. So he recognized this. But there were 
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of course some other points which had to be considered. The air 
bearing system had certainly a disadvantage for later space 
flight. See, the most thing we could do was what was done, 
really, on the Saturn missile, to go up and to one or two orbits. 

NEUFELD: Are you talking about the problem of operating in a 
vacuum, with the air bearing? 

MUELLER: No, not in a vacuum. This we could solve, you know. 
But the air supply. 

NEUFELD: You have to carry it with you. 

MUELLER: The air bearing system is a system which uses air. 
It's a streaming air which supports that thing. It's not only 
stationary, it's really a stream of air, although it's not much, 
but by time you know it accumulates to a large volume. 

NEUFELD: Loss of--

MUELLER: Yes, and for the Saturn missile there was already a 
pressurized bottle of that size, spherical bottle. 

NEUFELD: You're indicating something that is about, what, half a 
meter in diameter? 

MUELLER: Yes. And also high pressure, you know, maybe 3000 PSI 
or so, and the pressure was reduced naturally into the system. 
But this was the disadvantage. If you would use such a system 
for space flight, which would take weeks or months, well, how 
could you supply this air really? And we made really efforts. 
For instance, one could say make a closed system, you know, 
recycle the air. But this needs energy again, a pump, and the 
disadvantage even if you have the energy, you could use sun 
energy today to do such a thing, but then there would be the 
pump, you know. Even if you--it was not possible by that time to 
use centrifugal pumps which would produce that amount of pressure 
which was required. So you needed piston or diaphragm pumps. 
And if you used these, you had wear and tear. There was no 
guarantee of reliability for half a year or a year. So this was 
definitely a disadvantage. And I realized this already at that 
time, and I knew there was an end for the air bearing gyros, you 
know, because of the time factor. We never could go out in space 
with the air bearing gyro in that way. The floating gyro did not 
need that. So it was a floating system. But the disadvantage 
was that the floating gyro always had to be compensated. And 
with much effort later on the Draper people developed a new fluid 
which has a density of 2.8 so they could build more--

NEUFELD: --More accuracy--
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MUELLER: --More accurate structures, you know, more stable 
structures. But still, even with that system, they always needed 
compensations. And all the gyros which were used are compensated 
gyros. They have some kind of a torquing mechanism, which 
torques that gyro, produces a small torque which should 
compensate the other torque which comes up. By that time, you 
have three kinds of torques. You have torques which are 
independent of acceleration. You have torques which are 
dependent on acceleration. And you have disturbance torques 
which are dependent on the square of the acceleration. So a 
compensation is not easy, you know. Today of course they have 
solved certain problems, and they might have a relative simple 
compensation, and everybody has accepted it, and of course they 
can operate for longer times if it is required. So these are the 
basic differences in that system. 

NEUFELD: Okay. We'd better quit. In conclusion, you have a few 
things you want to say. 

MUELLER: Well, it was in connection with the development of this 
platform, Redstone, Jupiter and Pershing, that area, and by that 
time when we developed the Redstone, there was Professor 
Buchhold. He was the guidance and control, chief of the whole 
guidance and control division or whatever we call it. But 
Professor Buchhold, he built up the scheme of the Redstone, and I 
think as far as I remember, he also built up the scheme of the 
Jupiter at an early time. But then he left. He went to a 
company in New York, and when he left, he suggested Haeussermann 
as the new chief of the guidance and control laboratory. I think 
the connection was really, Professor Buchhold was a professor in 
Darmstadt formerly, and Haeussermann was one of the students in 
Darmstadt by that time. And so during the time when the Pershing 
was developed and Haeussermann was director of the guidance and 
control laboratory, and I must say he did not really interfere in 
the gyroscopic development, what was going on from Jupiter to 
Pershing and so on. I think he was fully occupied with his 
original area, which he handled formerly under Buchhold. This 
was the control of the systems. And since Pershing needed 
different controls, it was a solid propulsion missile as you 
know, different from the other missiles, so he probably was fully 
occupied with that, and therefore our relationship was very good 
and was very successful in the whole area. And in around 1958, 
finally von Braun suggested I should become deputy director of 
the laboratory. I think he felt a little bit that would have 
been a good thing really, you know after all the successes we had 
with the gyroscopic platforms, to recognize my situation. I was 
also a member of the von Braun development board. So in 1960, I 
accepted finally an offer from a New York company which wanted to 
establish a company in Huntsville, and I became vice president of 
that little company. 
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NEUFELD: What was the name of it? 

MUELLER: Astrospace Laboratories. I think by that time many of 
my former German co-workers reserved a little bit you know, they 
didn't understand that somebody would take another step, you 
know, and move out at that time. But seen from a gyroscopic 
standpoint, we were on a real, I would say, almost on the end of 
the development by that time, and from the Pershing to the Saturn 
which was built later on, there was not too much which could be 
done in improvement any more. It was just another basic 
structure. We had to go back to the external gimbal system 
because of the orbital, and this was a thing which was basically 
known too, and so I, for all these reasons, I took that step and 
went out and I joined this company. Of course, then when I 
worked with that company, this changed a little bit my working 
area. With regard to Marshall Space Flight Center, I still did 
work for the Marshall Space Flight Center. In particular I was 
active then in developing, research and developing of these 
actuators, these external actuators. By that time, it was 
believed that one day when we would have space vehicles, you 
know, there would be quite an activity of the astronauts required 
in order to do certain works outside in space. So we proposed 
relatively complicated actuators with many links which made it 
possible to go around a space vehicle all the way and come from 
the other side, you know, and go back. Now, we built a few of 
these things during the years and tested some, even under water, 
using the buoyancy facility, and on plain surfaces to eliminate 
the effects of gravity. 

NEUFELD: You're talking about an astronaut maneuvering unit, is 
that what you're talking about? 

MUELLER: Astronaut maneuvering unit, yes, but it was different 
from what is used now in Space Shuttle. Space Shuttle is 
relatively simple with a few links, you know, when turning. 
These were like snakes by that time. So I just wanted to say 
there was still connection with that. But otherwise my working 
area changed somewhat into more other technical fields. 

NEUFELD: Can I ask you a question, since I'm virtually out of 
tape here, about von Braun's role in--it's kind of hard to ask 
this question, it's so vague, but do you have any comments on von 
Braun's role as leader at Redstone Arsenal in the period when you 
were there? Whether there was anything remarkable or that stands 
out, in thinking about how he acted as a leader and what his role 
was. 

MUELLER: With regard to the Army? 

NEUFELD: In the Army period, yes, in Redstone. You were in the 
group at Redstone. 
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MUELLER: Ja. 

NEUFELD: or at Fort Bliss. Maybe the question is so vague it's 
hard to answer. 

MUELLER: Maybe I didn't understand. 

NEUFELD: What was--can you comment--well, we're almost out of 
tape--can you comment on von Braun's role as a leader, what kind 
of impact he had in the United States? 

MUELLER: Well, I think he was really very recognized and very 
well respected, not only here, in the whole United States. He 
got very many invitations you know from important people, to talk 
to them, you know, and they personally contacted him, also from 
professional people. I think he was very well respected and 
recognized .... (off tape, end interview.) 




