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GERWMAN DEVELOFPMENT OF MODULATOR VALVES FOR
RADAR APFLICATIONS

1l. Introduction

The primary object of the trip was to investigate German valve
technique as applied to radar pulse modulators. It was known that
herd valves and thyratrons had been used in equipments operating ai
fairly low powers and that a valve similar to the British C.V.E5
triggered spark gep had been produced but no information was available
of the performance of these valves or of arny development work in
progress at the end of the War. It was therefore assumsed that this
field had not been covered by other investigators.

Since the personnel concerned with this work were not known it
was necessary to interview a large number of people in order to
locate the specialists. Gredually it became evident who were the
required personalities and a number of them were finally located and
interrogated but others, situated in the Russian Zone were
inaccessible. A complete list of the persons located and, where
possible, interviewed is given in Appendix I.

Appendix IT gives a sumery of valve characteristics obteinsd
from documents whici were evacuated. It also contains a list of
documents which may be seen together with & translation in most cases,
at the address given on the title page.

24 German applications of thyratrons to radar pulse modulators

2.1 General conclusions

The Germens seem to have made only preliminery steps in this art.
The anode modulated transmitters that were in operational use
employed either vacuun triodes, thyratrons, or itrigatrons as the
modulating device; no evidence could be found that peak powers ex—
geeding 200 kw. had been achieved. However, they had need of hizh
power modulators that were nct cumbrous and wereeﬁgparimenting with
both thyratrons and rotating spark gaps. By the/of the War, two
sets with increased power were ready for production; one of theae
employed & high vacuum triode and hsd a peak power output of 1000 kw.,
the other used a helium filled thyratron and gave a peak powsr outpul
of approximately 250 kw. They were distressed by the cost of the
former equipment and were experimenting with rotary spark gaps as &
replacement for the vacuum triode,

Turning to the gases used for filling the thyrairons, they quite
early dismissed mercury because, without temperature control, they
_experienced very short lives and they did not believe that
sufficiently aimple temperature control systems could be devised,
The potential advantages of hydrogen were appresiated, and indesd a
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fair amount of usé had been made of it in contrast with its apparent
neglect in England. Howewer, they seem to have foundered on the
very grave daifficulties that attend the mass production of valves
employing this filling, since the applications engineers expressed
low opinions on their reliability and showed aversion to the idea of
using them in their modulators.

Helium seems to have been the filling used for the radar
thyratrons. This gas has not given good resulis, either in America
or in England; the general experience being that the gzs is lost
rather rapidly by clearn—~up, so leading to premsture failure. In
view of these results, it is likely that the Germans also would have
abandoned this gas had thelr experiments gone cn longer.
Particularly is this true if they had endeavoured to develop thyratirons
for ocutputs exceeding 1,000 kw.; as it was, the greatest they achieved
seems to have been 250 kw.

Unfortunately, the evidence for the above conclusions is not as
complete as could be desired. Many of the men interrogated had no -’
direct connection with the subject, and those that had were coften
without adequate records of thelr werk. In addition, any generalise:
tions about gas discharge devices can be misleading unless they are so
hedged with qualification as to become almost unintelligible to the
general reader. However, with theae reservations, the foregoing
represenits the considered opinion of the Author,

7«2 FPersonalities

Dr., Mailandt of Telefunken, Hamburg, believed that any work
carried ocut on large pulse thyratrons would have been done by AEG. He
elsc thougitthat Herr Muth of Telei'unken, Berlin, was an authority on
apperatus that might employ such valves,

Dr. Hoffman of Siemens and Halske, Siemens{adt, Berlin, said that
Drs. Jacobi, Steimel, and Putzer did the thyratron development work
for Siemens. Of the three, Putzer only was still in the Western Zcne,
However, Hoffman did not
believe that thyratrons were used for powers greater than 200 kw. in
operational equipments.

Dr. Kleen, a leading personality in electronics in Gemeny,
suggested that the leading people on thyratrons were Dy, Aarens of ARG
and Dr. Koch, also of AEG. He suggested Dr. Andrieu, Telefurken,
llanover, for modulator circuit work.

Dr. ¥. Nippold, AEG, Hohenzollern Damm, Berlin, knew the ARG
staff well and said that, until his death in 1943, Dr. Glaser was in
charge of thyratron developments. Incidentally, Dr. Glaser had an
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international reputation. When Glaser died, his work was taken over
by one of his assistants. a Dr. Koch. The applications work on
thyratrons was dealt with by Dr. Keitner until 1941, at which time
Dr. Hohr took over. Nippold doubted whether thyratrons had been
used as high power modulators at amy stage during the War.

Drs. Bacher and Straub of Bosch, Seiden Strasse, Stutigart,
stated that the firm had done no development work at all on modulator
valvesg, They had used argon filled thyratrons in ignition circuits
for aircraft engines. These valves.had bsen operated at 400 wolts
with a peak current of about 1 amp. and a conduction period of about
Cu0L secs. A condenser was discharged through a.transformer in series
with the thyratron, so developing a secondary voltage of about 16,000
volts. The wvalve life was about 1,000 hours. They also stated that
a Herr Grother, Bad Cannstadt, Buchenhalden Str, had developed a
suitable hydrogen thyratron for this application.

Dr. lidius, Technische Hochschule, Munich, had worked with Prof.
Schumann who had apparently worked on cold cathode valves before the
‘War, Hidius did not believe that Schemann had developed modulator
valves during the War but he had done some fundamental work in con-
neation with interrupting the current through a gas=-filled valve.

Some success had been achleved but the life of the control grid had
been very short. Incidentally, these difficulties are well known with
suczh valves used to break circuits. Midius believed that a Dr.
Lumberger had also worked on thyratrons.

In the light of the above interrogations, the strong probability
seemed to be that the important personalities for thyratron modulators
are as follows:- '

Valve development - Messrs. Aarens and Koch of AEG.
’ Messrs. Jacobi, Putzer, and Steimmel of

Siemens.
Thyratron Messrs. HMuth and Andrieu of Telefunken
applications =~ Mesars. Keitner and Siegenbein of AEG.

There is a distinct possibility that Dr. Mohr of AEG has importance in
this connection but he was not located.

2.3 Modulator applications of thyratrons

Herr Muth is an eminent electrical engineer in the Telefunken
organisation, and had held the responsibility for developing radar
eguipment. He stated that Telefunken apparatus had -anp]_.oyad hard
" tubes and trigatrons only. Thyratrons were used in equipments made
by Gema and Lorenz, but he knew of no case where thv.?y had been_used to
give powers greater than 200 kw. Telefunken were interested in
higher powers and wers experimenting with rotary spark gap modulators.
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Professor Marx of Braunschweig had done the development work and

powers of 1.5 megawatts had been achieved, but the gapa had not been
ipcorporated into operational equipment.

Dr. Keitner had worked on stroboscopes for observing shell
movenent and stated that Dr. Koch had developed the thyratrons for
this application while Dr. Hermann (Technische Physikalische
Werkstatten, Sde-Strasse Reinigendorf, Berlin) had developed the light
source. Or, Siegenbein of AEC developed impulse generators for the
transmitters., Prof. Marx had dene a little work on spark gap impulse
generators for the same application.

Dr. Keitner did not believe that any use had been made of thyratrons
for producing high power pulses but suggested that a Dr. Werner
should know of any radar epplications. Werner was not located.
Keitner had worked in association with Dr. Glaser on thyratrons and
said that both AEG and Siemens had developed large thyratrons
independently. Dr. Stainbeck (? Steirmel) developed the Siemens type
but is now with the Russians, Keiiner knew of no groups working on
thyratrons other than those at AEG and Siemens, He confirmed that
Koch did the thyratron development for AEG after Glaser died and men-
tioned that Prof., Marx had dene a little work on rotary spark gap
mpodulators. He recommended Dr. Siegenbein of AEG as & likely source
of information on thyratron pulse modulators. Finally Dr. Keitiner
said that, prior to the War, they had developed a small hydrogen
filled thyratron for short impulses {anode voltage of 500v. and a peak
anode current of less than 1 amp.) These valves ran into seriocus
cathode troubles and short lif'e when attempts were made to produce them
in quantity.

Dr, Siegenbein is an electrical engineer and had worked on radar
eguipment during the War. He said that the earlier sets were low
powered (50 ~ 100 Kw) and employed trigatrons and thyratrons. They
had developed two high power radar sets one of which employed a
thyratron and had reached eerly production by the end of the War. The
firm GEMA developed the transmitter amd AEG the modulator. The
modulator employed the S1/5 thyratron which had the following rating.

81/6

Helium filled thyratron made by AEG

Anode voltage - 2000V,

Peck anode current - 250 amps.

Pil. volt. =~ 9v.

Fil, current -~ 8 amps.

Pulse length = 1 micro-second.

P.R.F. - 500 per sec.

Life ~ lesa than 1000 hours but not enough experience

to be sure. However he had the impression
that the life would not be good.
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Apart from this set, Siegenbein mentioned another, made by
Lorenz and named Hohentwiel, The modulastor valve was the ARG
thyratron 31/3, which had the following characteristics:

51/3 - Helium filled thyratron
Anode voltage ~ 2000v.

Peak anode current - 30 amps.

Pulse length = 1 micro~aecond.

P.R.F. ~ B0 per sec,

Life = 1000 hours.

Dr. Siegenbein knew that Dr. Koch had developed hydrogen filled
thyratrons but said that they were not at a stage where eguipment
could be designed round them.

2.4 Thyratron valve develooment

Dr. Aserens is working with Siegenbein at AEG Clausthal~
Zellerfeld, they are trying to build up a small factory making gas-
filled rectifiers. Aarens was responsible for thyratroun deveolopaent
during the War. In the early stages he tried mercury f£illing but
found it was necessaxy to control the mercury condensation temperature
to lie between 4OOC and 60°C. He formed the opinion that the
apparatus reguired to do this would be too camplicated and rejected
mercury thyratrons on these grounds. It is interesting to recall
that the experiments made at GEC Research Labs. in 1940 gave the same
result, namely, that the condensation temperature must lie between
509C and 60°C for good lives under pulse operation; however, GEC
were able to develop simple means of temperature control. Asrens
met the difficulty by developing helium filled thyratrons. He worked
on twe types, the 31/6 and the S1/3; the ratings of these valves are
given above, in the account of Siegenbein's interrogation. These
valves were designed for a maximum anode voltage of 2000 volts as -
attempts to work at higher ancie voltages showed that the £illing
pressure had to be so reduced as to cause premature failure. The
reduction of filling pressure may be presumed to be dictated to avoid
a glow discharge from the anode to the low potential electrodes.

They tried using gas reservoirs leaking into the discharge space via
a gapillary tube to overcome failures caused by loss of gas.  They
found this system prohibitively bulky and, in any case, useless unléss
the valve was in continuous use. These experiments have. all the
.appearances of a very forlorn hope. However, at the ratings given
above, the valves were reasonably satisfactory, although Dr. Aarens
pointed out that there was not really enough service use to enable a
- good estimate to be made of the life. He sald that failure toock
place by loss of the emissive coating from the cathode, and that
large cathodes should be used so that life was adequate. However
large cathodes were deprecated by the users on the acore of overall
size. Anodes were of graphite. He offered the opinion that mercury
£illings demanded cathodes thres times larger than did rare gas
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fillings. Tis is rather a curious point and the Author knows of no
evidence in current English practice which supports 1t. It may be
that the larzer cathodes permit the mercury filled valves to work over
a wider range of mercury. pressures but, on this polnt, the shape and
disposition of the cathode surfaces are of very great importance and
statements about the total area are a little suspect until the cathode

form has been specified.

Dr. Koch is now working at the AEG works at Belecke-MOhne. This
factory is attempting to produce Selenium rectifiers and rectirying
equipments, presumably for low voltage applications. During the War,
Koch worked on dry rectifiers but he had also worked on hydrogen
filled thyratrons for modulating siroboscopic flash tubes, Two
types reached production, the S.83 and the 5.86. The fcrmer
operated at an anode voltage of 800 volts and a mean current of 3 amps.
the peak anode current was several hundred amps and the repetition
frequency was from 50 to 2000 per sec. The latter operated at the
same anode voltage but at a mean ourrent of 6 amps. The peak anode
current was again several hundred amps and the repetition frequency
froa 50 to 2000 per sec., Koch gave a figure of seversl hundred hours
for the life., ~ Larger thyratrons were developed for range mesasurements
using light pulses, preswumably in the apparatus mentioned by Dr.Keitner.
Koch was rather vague about the ratings of these valves, beyond that he
knew that the light tube carried several thousand amps peak current and
that a range of several thousand yards had been achieved, it is likely
tiiat he merely supplied wvalves to the applications engineers without
asking many questions. He wvoluntezered that the thyratrons for this
work were about 24 inches long by 4 inches diameter, had nickel anodss
with three grids closely spaced round the anode, a thermionic cathode
of conventional pattern, and were filled with Helium and Argon to a few
millimetres pressurs., He apologised for his memory and explained that
scme time had elapsed since he had worked on the prodlem. It waa
arranged that he would supply to 'I' Force HQ all relevant informmation
that could be found. Since no further information has been received
it is assumed that he was unable to find his records.

In general discussion, Dr. Xoch gave his opinion that good life in
hydrogen thyratrons is entirely a matter of purity of materials and of
saturating the electrodes with hydrogen. He had always introduced
hydrogen into the valwves through two palladium tubes in series, the
second of which was electrically heated. They found that fallure was
always due to sputtering of the cathode material and that the most
stubborn problem was to saturate the electrodes with hydrogen. They
had found that helium was not as satisfactory a filling for these _
thyratrons as was hydrogen. With helium, the filling pressure had to
be reduced to avoid a glow discharge between anode and grid; with this
low pressure the current carrying capacity wes reduced leaving the
alternatives of either reducing the rating or permitting severe cathode
bombardment. It will be noted that there is some confusion here, in
that earlier it was stated that these valves were filled with a mixture
of helium ard argon whereas here, Koch is advocating hydrogen. It is
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not uniikely that the earlier samples had helium/argon fillings and
that subsequent research had proved the value of hydrogen but that
there had not been time to ampley this result.

Dr. Putzer was the only available member of the Siemens thyratron
group, Drs. Jacobi and Steirmel (7 Steinback) both belng with the
Russians. Putzer was in hospital and evidently far from well. He
had worked on mercury filled thyratrons for use as modulators and
rectifirrs until 1943 when his Laboratocry was desiroyed by fire. e
endeavoursd tc use mercury thyratroas as modulators with ancde
voltages of .20,000 volts and at peak currents of 200 ames. Without
centrol of the condensation tempersture, lives were less than 20C
hours.  With the ambient temperature controlled at about 259C,
operation was improved but the LlLife was still so short that the method
vas regarded as too expensive, The same valvesa used as couventional
rectifiers had lives of 20,000 hours.

3, Development of high vacuum valves for pulsze modulators

Zel General Conclusions

The development of hizh vacuum valvea was carried out mainly by
the Telefunken organisation, but in the {ield of anode modulation it
appeared that only very limited effort had been directed. Both AEG
and Lorenz had valves in development but so far as could be asceriainsd
no valves specially devsloped for the purpose had actually been put
into production bafore the war ended. ’

3.2  Interrogation of Dw, Wiegend and Dr. Herrmann, Telefunken,
Sickingenstrasse, Berlin

Ir, Wiegend is the Chief Techunicel Directer of the Telerunwen
Velve Works.

D Hérrmann supplied information concerning the L.V.20 which was
a copy of the American 7153 but mads on a pressed glass base., If had
the following rating:-

Hax. anode volts 15 X.V.

Peak cathods current — 20 amps.

Anodes dissipation 75 watts

Serasn " 2 watts

Grid # 2 watts

Heater voltage 25.2 volts -
" current 2.0 amps.

The cathods pagte used consisted of sodium carbonate as it was f‘ounc?.
that the sputtering wes less than with azmonium carbonate, C'[‘he grids
were gold plated to prevent secondary grid emission. The grid r.ods
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were of copper coated with nickel and the grid wires were of gold
plated molybderam,.

The anode consisted of bthoriun or zirconiwm tc prevent ancde
sputtering. A barium aluminium getier wes used. Cathodes were
aged over a period of 24 hours the H.I. voltage being gradually
increased up to 18 KV.

Only about 400 valves had been made and it was believed that the
war ended before they had been put into service. No information wes
available concerning the life of the valve. This appeared to be the
cnly velve developed by Telefunken {or pulsed operation.

Dr. Wiegend and Dr. Herrmann supplied information on the standard
cathode techniques of Telefunken concerning the pastes in use..

1, Type BLFL is used for spraying in fairly dry atmospheres
and consiste of i~

1.05 Xg. B4 Carbonates + 2400 c.c. Methyl Alcchol + 850 c.c.
Cellodiumz,

The By Carbonates are coamposed of i-
E0% Ba CO3 + L5% Sr CC3 + 5% Ca CO3
The ingredients of the Collodium are:-

1500g. Cellulose nitrate E950 + 5.5 litres solvent E13 + 5.5 litres
Bubyl acetate, giving about 1Z litres of Collodium.

These materials are ball milled for 23 hours and give about 3.5
litres of spray paste.

2. Type ELFS is used for Cataphoresis and consists ofi-

100z, EL Carbonates + 200 ¢.C. Yethanol which are ball milled for
2l hours and to which are then added:-

300 cece acetone + 100 c.c. ccllogium.
The ingredients of the collodium are:-

1500g. Cellulose nitrate E95C + 5.5 litres soclvent EL3 + 5.5 litres
Butyl acetate giving sbout 12 litres of ‘collodiuvm.

This produces about C.7 llures of cataphoretic paate.

3,  Type B4¥6 is used for spraying in atmospheres with high
moisture content and consists of:-
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- 1.05 Kg. EL4 Cerbonates + 1500 c.c. Solvent EL3 + 500 c.c. Butyl
acetate + 500 c.c. Collodium seolution.

The ingredients of the collodium ares-

1500g. cellulose nitrate E950 + 11 litres Butyl acetate giving
about 12 litres of collodium.

These materials are ball milled for 23 hours and give shout 2.7
Llitres of spray paste.

The E13 solvent is supplied by A.G. Ferben and is a mixture of
mathyl and ethyl aceiates.

It was stated that the type BLF] pasie gave trouble since the
evaporation of the methanol produces condensation of moisture on the
cathode.

The triple carbonates are precipitated from the mixed nitrate
solution with smmonium carbonate, and this gave emissions as good as
with sodium carbonate. The precipitates are filtered off by
centriluging, washed untill free of ammonia and dried in an oven at
80°C for about 24 hours The average particle size is 5.

For coating very fine wires (1lp), the wire is cleaned as for
filaments of incandescent lamps by glowing in an atmosphere of
Nitrogen and Oxygen at about 1300°C. The coating is applied
cataphoreticelly either continuously or with interrupiions.

Cathodes of nickel are used with 0.05 - 0,17% Mz, the op'l:i.mum
proportion being 0.07%. This gives improved emissiocn [for one hour
ounly but is of considerable assistance in ageing Nickel with Q. 555 Al
is used for sirip filaments and this g1v=3 a resl improvemeut in
emission. More than 0.5% A1 gives poorly adherent coatings. No
improvement has been found using vacuum cast nickel.

3,3 Interrogation of Dr. Séegenbain, AEG Clausthal - Zellerfeld

One of the two high power radar seis in sarly production by the
end of the ¥ar nad utilised a thyratron as already described. The
sacond set was to be made by the firm of ELAG in Kiel and was for naval
use. The medulator was a thoriated tungsten cathode high wvacuum
triode driving a magnetron transmitter operating on 9 cms. The
modulator valve was wmade by AEG and called the A.V.10LZ. Its
' . characterigtics were:-

Ea 15,000v,
Ta 60 amps (peak)
Fil. watis 1.2 Kw.
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Arode watts Culp Kw,
Pulge length 1 micro-second
Parafe EOO~1500 CePoSe

*

4 was intended to replace the A.V.1012 by the L.V.2l which was a
further development of the valve with the inclusion of a screen grid.
It was expected thereby to increase the anode voltage rating to 30 Xv. .
The first samples of this valve were available for ftest at the end of
the War. Professor Marx was developing rotary spark gaps to reduce
the cost of the eqipment but did not complete the work.

3¢ Interrogation of Dr., Herriger, Lorenz, Bsslingen

Ho work had been carried out on gas filled medulator valves, but
a~high vacwrd valve the RL12T75 had been developed for pulse operation.
The valve was on a pressed glass base and ¢f 90 m.m. x €0 m.m. overall
dimensions, It was constructed es a triode with two cathodes, two
grids and two anodes, each pair being cornected in parallel. The
valve had en cxide coated cathode and was rated as follows:-

Va 2.5 K, V. maxe
Ia 9 amps peak
Wa 75 watis
Grid bias =250 volts

* drive - +400 veclis
Eeater volts 12,6

" amps. 1.7

The valve was developed for use in the Wurzburg equipment but never
reached preduction. Hodhe b £

L. Triggered Svark Geps {sealed)

Lal General conclusions

As a result of enquiries at the leading valve firms it appsared
evident that little work was carried out on this type of valve,
Nowhere wes ithere any evidence that more than two types had been under
developmernt, these being the LG201 and LGEac3. Although warious
perscnalities gave apparently conflicting informetion concerning the
filling this was probably due to their having knowledge of certain !
stages of the development only.

During the interrogation of Dr, Moeller, of the Max Wien Institute :
it was learned that the triggered spark gaps had bezn Jeveluped by

Osram, Berlin in a department under Dr, Ewest. He believed the valves

to have a filling of COp. It was subseguently established that

Dr. Ewest had been in charge of a research group headed by Dr. Rimpe

and which wes divided into twc sections, one under Dr. Schulz who was
concerned with triggered spark gaps and the other under Dr. Floriet
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who was responsible for flucorescent lamps.

Since the end of the war all the persomalities concerned have
left the Osram organisation, Dr. Ewest having retired, Dr. ROmpe
having joined a Russian Institute in Berlin and it waa understood
that Dr. Schulz was in the Russian Zone.

4.2 Interrogstion of Dr, R&mpe

Im._Rgmpe was interviewed at the Kaiser Wilhelm Institute fur
Radiologle, Wilhelmstrasse, Berlin.

Dr. Rlope was able to guote only from memory. It was interesting
to leam however that experimen®ts had been carried out as early as 1940
on enclosed ftriggered gaps and a valve had been developed in 1941 but
the work was abandoned, as it was not considered %o have any applications,
until a British equipment captured two years later contained a C.V.85.
The design of the L,G.201 was then based on the C.V.85 and has similar
characteristics. It was Pfilled to a pressure of aboul cone atmosphere
with Argon and about 10% air. When operating with a 1 psec pulse at
150 KW at 550 cep.s. the life was 200 hours,
and at 15060 " now ® &80 hours.

I% had been established that the short life was due to absorption of
oXygen. No work had been done to improve the life as it was considered
that high repetition rates were not poasible by this method and all
effort had been put into rotary spark gapsa.

Le3 Interrogation of Dr. Ewest

Dr. Ewes:t was interviewed at his hame in Lankewitz, Berlin.

Dr. Ewest was not familiar with the details of the development but
underiook to obtain information concerning the filling of the LG203 from
Dr. Schulz whom he considered to be the only man having the information.

The LG201 and LG203 were the only triggered spark gaps developed.
The LG203 was filled to a pressure of 3 atmospheres, with 62.5% Argon,
17.5% Air and 20% Nitrogen. The filling was carried out by liguifying
the ergon by means of liguid nitrogen. Krypton filling had been tried
but was abandonsd as supplies of this were not as easily obtained as of
argon with which the filling was also easier. The rating of the LG203
was as follows:-

Hold off voltege 16 KV.
Peak pulse current 125 amps.
Pulse length 0.5 psecs.

Repetition rate 1500 capese



12w

No reliable information concerning the life was obtained bui the
general impression given was that the life was poor.

Fe Interrogations of other personalities

During the course of the investigation the following persons were
also interrogated but were not themselves chiefly concerned with the
subject under investigation.

5.1 Dr. Studemund, Herr Schlenke, Dr. te Gude
Phillips Valve Works. Stessman Strasse, Hamburg.

Phillips Valve Works are manufacturing a range of comrercial
valves and have little or no information of a detailed nature on high
vpltage pulse vechnigques. They have never worked on high power
thyratrons, such work hawving been done entirely by AEG, Siemens and
Telefunken. Concerning pulse technigues, Siemens and HAlske, Berlin,
worked on a navigational beam, and other workers included Dr.G.Seibt
of Seibt and Dipl. Ing. Gibel of Telefunken.

5.2 Dr., Fehr, C.H.F, Mueller, Roentgen Strasse, Hamburg

C.E.F. lueller manufacture X-ray tubesa and rectifiers for X-ray
eguipment. During the war they had mamfactured two amall thyratrons -
the EC50 and ACHQ but these valves had been designed by fhiliips,
Eindhoven before the war, They also manufacture large mercury vapour
rectifiers.

5.3 Herr Andrieu, Telefunken, Gﬁttir}&en Chausade Hanover

Eerr Andrieu had worked on the development of radar apparatus
including the ifannheim and Berlin equipments. The Mannheim eqipment
employed a directly heated triode modulator LS300 having a thoriated
cathode. It used an anode voltage of & KV and passed 20 amps peak
current with a pulee length of 2 psecs and a recurrence frequency of
3700 cep.s. He believed that nitrogen had beea tried as a filling for
the LG201 valve used in the Berlin equipment.

5., Dr. Mailandt, Telefunken, Ferdinand Str. Hemburg

Dr. Mailandt explained that Telefunken had been organised during the
war into four malin groups working for:-

(1) Army (2) Bavy (3) Air Force (4) Post Office.

Dr. Mailandt himself had been concerned mainly with the development
of small valves for the Post Office and had only limited knowledge of
the activities of the other groups. He was however able to give the
following information concerning other personalities:-
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Dr. Steimmel had been responsible for valve development at
Telefunken which produced 90% of the German valves. Fe is now in
charge of an Institute in the Ressian Zone.

Dr. Kotowsky was an aerial specialist and now works with
Dr. Steimmel,

Professor Rukop had been mamager of the Telefunken factory at
Ulm, He and Dr. Steimmel probably initiated most the new ideas in
valves at Telefunken.

Professcor Moeller was héad of the Max Wien Institute.

Dr, DOhler worked under Professor Moeller and had developed a
spark transmitter for Jjamming,.

Dr.Buschbeck was considered to be the most important man in

Germany on short wave transmitters particulerly in the range 12-100
metres,

Dr. Maas at the Teleéfunken factory at Dachau was mainly respons-
ible for the design of the Berlin and Rotterdsm equipments.

Professor Marx at the Brunswick Technical High School had been
working on rotary spark gap modulators.

Professor Binder was a leading high voltags expert at the Dresden
Technical High School.

55 Erofessor Moeller, Steruwarte, Bergerdorf, Hamburg

Professor Moeller wasg ;ormerly head of the Max Wien Institute
which was part of the Reichstelle fur Hoch-Frequenz Forschung. His
work had been on rellection measurempents, radar camouflage, mine
detec+ors, sound ranging of airoraft and location of moving targets
using the Doppler eiffect. He belisved that pulse technigues were
first used in 1334 for measuring distances. Telefunken was mainly
responsible for the later developments.. He had been using Beriin and
Rotterdam equipments for experiments to detect aircraft through
'window', but he had no special knowledge of the modulator valves which
he believed to be filled with CO»., He beligved the walve was developed
by Osram and in this connecticn mentioned Dr. Ewest.  Concerning others
who might have worked in uhis [ield he suggested Dr. Stutzer at
Oberpfaffennofen near Hunich.

5.6 Dr. datthias and Dr. Enzel, Siemens Reinige, Erlangen

The "'irm nade thyratrcns before amd during the war but are not
manufacturinr them now. Production had been carried out in the
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Vienna factory. 4 list of the valve ratings and gas fillings was
. obtained, : '

t

5.7 Dr. Koelbl, Siemens and Halske, Ndrpberg

This branch of the firm was mainly concerned with building
apparatus. No valve developmeni was carried cut there. He stated
that the Telefunken organisaticn carried out almest all valve
develorment.

5.8 Dr. Herriger, Lorenz, Ezalinpen

Particulars were obtained of the RDLZLa velocity modulated
oacillator valve which is being produced.

The RDl2La is a coaxial line "Heil tube® {ype of cscillator,
normally ussd in the single transit mode. It is tunable by the
external line, cver a range 20-25 amz and gives an output of 12 watts
CW with an efficiency of 15%. Eleotronic tuning is possible by
varying the rescnator or anode voltages; about 30 volts change on the
resonator produces ! Me/s change of frequency with negligible change
of output power. The wvoltage supplies required are:-~

Heater 12.& volta
Rescnator  50C wvolts above cathode
Anode 50 volts abeve resonator

A magnetic field of sbout 500 gauss across a gap of 23/L“ is required
for focussing. The overall dimensions of the valve are approximately
6% long x 3" diameter. The connections are brought out at both ends
of the c¢ylindrical glass envelope through pressed-glass bases.

The RD12La was developed during the war and is now bsing used as
the transmitter valve for an V.H.P. ¥l comunications equipment called
"Stuttgart”.

Dr. Herriger expressed the opinion that the valve could probably
be modified to operate satisfactorily down to 15 cms.

5.9 Dr. Renee Haefer, liax Wien In:stitute, Hamburg

Before the war Dr. Haefer worked at Siemens under Dr. Augusius
Haertz on the problem of Field Emission and later on Kagnetic Mines.
In 1944 he joined the Max Wien Institute and under Frofessor Moeller
had worked on various projects including cold cathode magnetrons and
baclk heating in magnetrons. These projects had only just started
when the war ended. Dr. Haefer's work was entirely on OW and he had
no knowledge of pulse techniques, his interest being primarily in
fundemental physical research.
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On magnetron cathodes Dr. Haefer was experimenting with
tantalum, oxidised and coated with a mixture of Alunins and iagnesia,
Emizsion was of the order of 100 mA/sg.am., The valyes conteined a
mixture of Argon and Neon at a pressure of about 1077 m.m. Hg.

.10 Dr. Netheler, Eopenderfer Hospital, Hamburg

Dr. Netheler had been working on jamming problems using the Berlin
equipment but he had no knowledge concerning the valves used. He wasg
however able to give information concerning the whereabouts of other
personalities.,

.1l Herr 3iegfreid Schwarz, 3t. Georg Str. Hamburg

Herr Schwarz had been employed during the war on radar installatlon
work for the German Vavy. He had little detailed knowledge of the
equipments, -Aich he said were made by Telefunken and Gema.

5.12 Dr, W. Schwarz, Jaegerstrasse, Hanmburg

Dr., 3chwars was a Dormaer member of the Ernst Lecher Institute.
Iis main wori had been on navigational alds Tor the Luftwaffe and in
particular on "Epsilon". He stated he had no knowledge of modulator
techniques but maintained there was another man of the same name at the
Frnst Lecher Institute, and was believed to be at Bamberg.

5.13 Dr. lzler, Telefunken 3erlin

Dr. liaier nad been concerned with the development and mamufacture
of gas and vapour filled valves, He had .mowlddge of the R3QL5/40
thyratron which had a guaranteed life of 5000 hours and generally the
actual liTe was considerably greater when oporated under normal con-
ditions. The polished carbon anodes in this and other valves are
supplied to Telefunken by Schfink and IZhe of Giessen. The specilal
carbon is known as electro-graphite type =ZL1LO0O, In the early work
on-ignitrons silicon carbide igniters had been employed but were later
replaced by one developed by I.G, Farben which had a better iife.

This one was believed to consist mainly of boron carbide.

5,14 Dr. ZSockumeyer and Dr, Srhnacoanf, Schurk and Ebe, Giessen

The firm was concerned mainly with the production of carbon
brushes, During the war anodes and grids made of grephite were
produced for a mmber of valve firms. The method of production was
as follows:i-

(1) Cold pressing 12000 Kgs/sg.cm.) of normal cerbon dust inte
cylinders, plates etc.
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(23 Graphitizing in Achseson Furoace (10 hrs. heating up, 4 hrs.
at 2500°C - 300u°C, 3 days cooling). J

(3) iachining and polishing.
6. Conclusions

1, Only preliminary investipations have been carried out in
the axt of anode modulation, for which develovment appears to have been
initiated at least partly as a result of the capiure of British and
Anerican equipment. o evidence was available to indicate that any
valves had been produced giving satiszfuchtory lives at power ocutzuits of
mors than 250 ¥W. Barly experiments with thyratrons had been carried
out Doth with hydrogen and helium fillings and the lattsr had been
ajonted as the more favourable, satisfactory valwves hoaving been produced.
®er higher powers, thyratrons and rotary spavk gzaps were the Uwo lines
of development which were to be persued.

2 Generally one galned the impression that there was liftls co-
ordination between the various jJoveriment institutes and the industrial
research organisations worlin; on similar projects, sco that nowledge
ag rired was not disseminated to the best advanfage. As u counsegquence
of Lhis no reliable information could be obtained concerning the
veriormance of equipment in service. It is coasidered, however, that
the Fisld of the development of nodulator vilves aas been adeyuately
covered.



~17-
7o APPENDIX I

The following is a list of the persons located and interviewed
where possible, together with a note to indicate their technical °
positions or the type of work with which they are familiar.
29, Ferdinand Str. Hamburg

Dr. lailandi. Development of small valves for the Post Qfrfice.

75, G8ttingen Chaussée Hanover

e Andrieu. Radar circuits.

3, Max Strh Schfmberg Berlin

Herr iluth. Development of Radar Eguipment.

Sickingen Str. Berlin

Dr. Gldnther-Wolf. Rectifier Engineer
© Dr, Wiegend.. Chief Teciinical Director
Or. Hermann, Expert on cathode techniques.
Dr. idaier. Janufacture of thyratrons and rectifiers.
5, Brﬁl@g@r‘ten Str. Dachau, ¥r. Funich. '

Dz. Vincentz, Herr Heuhausen, Dr. Rethe.

Telefunken Factery at Ulm

FProfessor Rukop. lanager.

150, Hohengollern Denm, Berlin

Dr. Nippold. Technical liaison engineer.

Dr. Keitner., Rectifier engineer of wide experience.
Pr. Mohr Circuit applications of thyratrons.
Dr. laier. Thyratron production.

Belacke = JBhne

Dr. Kugler Hanaging director of Belecke-id8hne plant.
Ir, EKoch Thyratron Research, Successor of Dr. Glaser vho
died in 1343.
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Clausthal - Zellerfeld Harz.

Dr. Siegenbein. General llanager of factory developing gas
Tilled rectifiers.
Dr, Aareuns. Responsible for thyratron develorment.

SIEENS AMD HALSKE

Sienensstadl Berlin

Dr. Tamm, Chief of development labs. engaged on circuit work,
Ing. Suchwald. Assigtant to Dr. Tamm.
Dr. Hoffman  Electo-chemiat. General lisison work.

Lr. ioelbl. sanager of factory concerned entirely with assembling
apparatus.

Dre Matthisz, Dr. Engel. ZProduction of eyuipment.

£

Siemeans., Rudelfstadl

Tr, Jacebi. Development of Siemens thyratrons
Dr, Steinbeci: " " N u

‘Siemerng, Vienns

Lr, ¥oenig.,  Valwve Development,

PHILLIFS VALVE WORES

Stessman Str.  Hamburg

Dr. Studenund, Herr Schlenke, Jr. te Gude. lMamufacture of
standard comnerical valwes.

C.H.F. NUELLEFR

Roantzen Str. Hamburg

Iy, Fenr. Secretary to the firm.
Manuvfacturs of X-ray tubes and rectifiers.

BOSGHL
Seiden Str. Siuiigart.

Dr, Bacher, Dr. Straub, Alrcraft aspparatus.
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TECHNICAL HIGH SCHOOL, LIUNICH

FProfessor Schumann. Gold cathode valves.

FATSER WILHEL INSTITUTE fir Radiologie

Wilbelmstrasse Berlin

LU ol e
Dr. Rmpe, formerly of Osram. Valwe development.
Dr. Suschbeck, A leading expert on short wave transmitters.

[

) LORENZ
3

Hecker Str., Esslingsn
Ir. Herriger. Crm. valve fevelopmen

Technical Hirh dchool, Dresden.

Professor Binder. High voltage eypart.

e~

WdX, WIHN INSTITUTR

Stermwarte.  Bergsriorf. Hamburg.

Professor Moeller. Haad of ihe Max. ¥ien Institute

Dr. Doshler. Pulge ‘cechul':ue:s and tranamitters
or. Fagk. " i #
Dr. Haefer.  Cold cathode magnstroas

Zerr Buchmann' Redar cemouflage.

FLUGFURE, FORSCHUNGS INSTITULE

Oberpfaffenhafen, Nr. Munich.

Dy,

Do

Rindla, Knowledge of all personnel who formerly worksd et
the Institute.

Ewest, 30 Ahorn Sitr. Lankewitz, Berlin,
Formerly head of ressarch dept. at Osram { (Retired).

FEerr Groether. Buchenhaldsn 2%, Bad Gan.nsta,u

D

P ARY

D

Dr.

Small thyratrong when at Boach.

Kleen., Telefunken. Valwve research,

Netheler, Pav. 25, Eppendorfer Hospital, Hamburg.
Jammning problems.

Putzer. Development of mercury rectifiers for Siexens.
S. Schwarz, Gi.Ceorg Sir. Hamburg.

Installation of radar equipment in the navy.
W. Schwarz, 15, Jeagerstrasse, Hamburg.

Pulse measurements at the Brnst Lecher Inatitute.
Stoclmeysr ard Dr, Schnappanf, Schiink aind Ebe, Heuchelheln,
Giessen, lanufacture of carbon brushes.
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A,E.G, GRID CONTROLIGD RECTLATLRS

Tyrve Type
50.3/0,2 SO.??%.Z He

Heater Voltage volts) L 4
Beater Qurrent m;_:-sos 1.4 1.5
¥ex. Ancde Voltage vclis) 300 790
Hine " " * 5 25
Voltagze drop E " 18 30
Maxe Peak current - 250 200
Max. mean current " 1¢0 s 100
Yaz, gerzllel condenser Gms. ¥ {10,000 10, €00
llax. mean charging current M.A. ) 2 2
liaxs freguency ’c.pms. 20,000 50,000
iax. freguency at 200 wolts Ec.p.s.\ 4, 00C
Heating up time minﬁ.s 2 3
Type 37.5/2.5%

Grid conitrolled hi h voltage reciifier for gesnerul rectifisr
applications.

Cverall dimenzions 135 mme x g9 el

Temperature rangs 359C o 15°C

Cathode directly neated

Heater voltage B volts

Heater current 10 amps

Wamaing up time 1l min.

Max. peal anode current 2.5 amps

Voltage drop
Max. anode voltage
Mav. mean rectified current
Pealr conbrol grid voltage
" " 1 gurrent

Anods firing voltage for zero zrid

10-20 wvolts
7500 velts
0.8 amps
320 wolts
Cel5 amp
100 volts




- 2%
Type S0.8/2 i. ITI

Grid controlled high voltage rectifier,

Overall dimensions 182 mmm, x 80 mm.
Temperature range ' + 509C to - 20°C
Cathode indirectly heated
Heater Voltage 5 volts
Heater Current. } 5 amps
Warning up time 5 mins.
Max. peak anode current 2 ampd.
Voltage drop 35-45 volts
ifax. anode voltage 800 volts
Max. mean rectifisd current Oe 7 amps
Yax., control grid volitage 120 volts
" " " current 0,08 amps

Anode firing veltage for zero grid 40-120 wolts

Type 81/0.2 i ITA

Frid controlled rare zas fillsd valve.

Overall dimensions 107 mme x 45 wmm.
Temperature range + 50°C to - 20°C
Cathode indirectly heated

Heater voltage ‘ 4 volts .

Heater current 1,9 amps
Warming up time 0.5 min.

Max, peak anode current 0.2 amp

Voltagse drop 22~35 volts
Mex. anode voltage 1000 volts

¥ax., mean rectified current 0.07 amp

Max. contrel grid volfage 80 velts

Max. control grid current 0.01l amp

Anode firing voltage for zero grid 80 volts

Type SL/6. 4 K

iletal thyratron used for current control.

"Overall dimensions 112 mme x 61 mm,
Temperaturs range 100°C to ~60°C
Heabter voltage 3 volts
Heater current 12 emps
Warming up time 0.5 mins.
Maxe. peak anode current 10 amps
Voltage drop 15 volts (approx.)
Yaxs anods voltags 1000 volts
Maxe. mean rectified current 2 amps
¥ax. control grid voltage 250 volts
" " ¥ current 0.05 amp

Anode firing voltage for zero grid = 80 volis
Protective resistance for control grid 10K ohms



Type

S1/L5 4 M

Metal thyratron with rare gas filling, used as a rectifier at -
low freguencies.

Cverall dimensions
Termpersture range

Heater voltage

Feater current

Warming up time

Kax. peak anode current
Voltage drop

Liax., anode wvoltage

ax. mean reculfleu ou*renu

liax. cortrol grid voltage

" " current

Anode firing veltage for zero grid

Type S2/1 3

Grid constrolled high voltage rectifier for general rectifier
applications.

Cverall dimensions

Temperature range

Cathode indirectly heated

Heater voltage

Eeater currsnt

Warming up time

Max. peak ancde current

Voltage drop

Max, ancde voltage

Max. mean rectifiied current

Peai ccntvol grid voltage
" current

80.35/0,35 4

Grid controlled rare gas valve {(relay).

Cversll dimensions
Temperature range
Cathode directly heated
Heater voltage

. Heater current

Warming up tize
Max, peak ancde current
Voltaze drod
¥ax. znode voltage
LA, mean urrs i
Feak COFurOl grid voluage
¥ " currcns
Anode flrlng voltage for zero grid

195 mm. x 65 mm.
1009C to -500C
3 wvolts

30 amps

Q.33 min.

15 amps

25 volts

1000 volts

5 amps

250 volts

0.1 amps

30=-80 volts

160 mm. x 60 mm.
350C to 159C

L wvolis

3 smps

1l min.

1 amp
10-20 velts
5000 volts
0.35 amps
320 volts
0.06 amps

90 mm. x 42 pm,
60°C to ~35°C



Lrpe S3/50.3

Grid controlled high voltage rectifier velwve for general
rectifier applications.

Overall dimensions

Temperature range

Cathode indirectly heated

Heater voltage

Heater current

Warming up ftime

Max. peak anode current

Voltage drop

Max. anode voltage

¥ax. mean rectified current

PEak control grid voltage
*  current

Anode firing voltags with zero grid

Zype 354100 i

Grid controlled high voltage rectifier valwes for general
rectifier applications

Type

Overall dimensions
Termerabure range
Cathode indirectly heater
Heater voltage
Heater current
Warming up time
Max. peak anode current
Voltage drop
Max., ancde voltage
lfax. mean rectified currant
Peak control grid wvoltage

" current
Anode firing voltave Ffor zero grid

87.5/0.6 4

380 mme. X LEO i
30°C to 15 c

5 yolta

20 amps

5 min.

50 amps.
10-20 volts
5000 volts
16 amps
320 volts

05 amp
100 volts

LS1 mte x 180 mm.
300C 4o 15°C

5 volts

35 amps

15 mins,

100 amps

15 volts
5000 volta
35 amps

320 wvolts

1 amp

B0-120 volts

Grid controlled high voltage rectifier for gensral rectifier
applications.

Overall dimendions
Temperature range

Cathode directly heated
Heater voltege

Heater current

Warming uvp time

¥ax, peak anode current
Yoltage drop

Max, anode veoltage

Max. mean rectified current

PEak control gria voltage
¥ current

Anode firing voltage for zerc-grid

131 mm. X 62 .
3590 to 15°C

2.5 volts
5 amps

1 min.

0.5 amp
15 volts
7500 volis
0,2 amps
320 volis

0,05 amps
20200 +ralts
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IGNITRGY WITH A MERCURY JET IGNITER
(Prem a report by Dr. Kaler, Telefunken, Berlin)

o
-

=H3.

K

- The diagram sHows & secticnal view of an experimental velve., A
fine mercury jet, running fram the reservoir T through a narrow tube,
emerges at the orifice D, The distance that the mercury falls is such
that a homegensous jet S about 5 m.m. long is obtained, The jet S
falls into the cathoede cup, surplus mercury overflowing and collecting
at the bottem. This ensures that the distance from the orifice to
the cathode remains constant. The anode A is of graphite and is
mounted at the side. The quantity of mercury is suff'icient to permit
continuous operation for one hour. When all the mercury hag run out
of the reservoir the valve must be tilted to retuwrn the meroury. It
was proposgd for the mercury to be automatically returned 4n a later
design. PFor instance the valve could be mezde so that the mersury was
evaporated by special heaters or by vmste heat from the valve, and
collected in a cooler. The valvas was used with the same triggering
circuits as normal ignitrons with rod igniters. This ignitren hes the
advantage that it is not subject to igniter disintegration.

Additional documents evacuated

1, Deta sheet giving characteristies end diagram of L.V.20.

2, Report on gate switches by Dr. Karl Siebertz.

o Diagram of stroboscepe thyratron. '

4. Diagram of small helium thyretron type 0. 35/0.03 4 and
ignition characteristic, :

These sand other doouwnents mentionéd in this report have been lodged
with, Technlecal Information & Documents unit,, Board of Trade,

40. Cadogan Squarey London. S.W.1, Applications to inspect thene
may be made to dhe above addreas quoting thecfcllowing BIOS ref:
BIOS/DOCS/2617/3375.



