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 Summary

The report sumarises the infoi nation gained by BIOS team :i0.2319
on German test gear for frequency mcuulation and %television. The in-
- vestigation Was carried out during tie period June 12th to July Eth,
1946, ten targets being visited, Other targets were considered but
not investigated, either as the result of reports by other teams, or
becasuse they could not be located.

The only test equipment encountered designed specifically for
frequency modulation were signal generators. One instrument developed
by Telefunken was inspected, and circuit diagrams of three types being
developed by Biemens Halske were obtained and discussed. HNone of these
instruments show any ocutstanding features, the designs being sound but
conventional, In addition, methods of modulation and demodulation of
FM signels and laboratory methods of czlibrating MM transmitiers
and receivers were discussed with German engineers; no information
previously wiknown to members of the team resulted from these discussions.

Lit*7e research work has been carried out in Germany on televisicn
during the war, apart from the application to war-time projects. One
instrument encountered, which has been developed during the war, was
& test oscillator with provision for swinging the frequency cyclically
over a range of 8 Mc/s in order to delineate the freguency response
of a receiver on & cathode rgy tubs, A description of the tests carried
out by the Deutsche Reich Post and by commercial firms immediately prior
to the war on television receivers was obtained.




1. Introduction

The object of BIOS trip No. 2319 was to investizate the progress
made in Germany during the war period in connection with test gear
for frequency modulation and television. Ueneral test equipment has
been covered by many previous BIOS teams, but as little information
hag been obtained on the subject covered by this report it was con-
sidered desirable to send a team with this specific objective,

In addition, methods of modulating end demodulating %I signals
and laboraltory tests of FM and television equipment were discussed
with German engineers in order to see how such methceds mizht be
embodied in iest equipment.

Ten targets were visited during the periocd June 12th to July &th
and reports on these are given in §2. Other targets listed in §3
were oongidered but not visited for ressons stated therein,

Bubnigsion of the report has been delayed because one of the
documents which it was requested should be evacuated has noi heen
received (See Report VII). Unsuccessful attempts have been made
to obtain this document, and it has now been decided to publish
the report without it.

2. EBeport on Tarpets Visitfed

Revort I Siemens Halske, Berlin, Wernerwerke, Siemenstadt, British
Sector

This target was visited on 13.6.46 and the following personnel
interrogated:

Dr. Hoffman, German Liaison Officer
Herr Ruf, Section Leader
Herr Hagenhaus, Develooment Engineer

The general condition of this target has been covered by
previous BIOS teams, and will not be described in this report.

The only FM equipment under development by Siemens Halske in
Berlin consisted of signal generators, and the leccation of these
laboratory models was unknown. They were said to have been either
destroyed or evacuated by the Bussians., The work was directed by
Dr. Buckman Thilo who was later transferred to Muonich. The sum-
marised performance information on these signal generators was
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given, but neo circuit disgrams were available, A later visit to
Siemens Halske, Munich, confirmed this information and circuit diagrams
were ottained there (See Report o, VIII).

No television test equipment has been developed by Siemens
Halske. One rack of ecuipment for generating a test pattern had
been supplied by Telefunken GmbH in 1939, but was evacuated by the
Russians,

The enginesrs interrogated were co-operative, dbut had not been
directly in touch with the work discussed. The only useful inform-
ation obtained at -this target was the advice to visit Siemens Halske,
Ifunich, in order to obtain the required information on Fil signal
generators.

Repert II Interrogation of Hens Roder, Berlin, 16,6,46

Roder was formerly a departmental head of Telefunken Gmbll
specialising in propagation siudies, frequency modulation and
the applications of radio freguency currentis in industry. He
is now workiag for the Russians in the communication leboratory at
Berlin~Lichteaberg, Balnhofstrasse 9 - 17. He was interrogated
at his private address, Berlin Charlottenburg, Mommsenstrasse 10,
IIZ, which is in the British Sector.

Roder's work has oreviously bssin sumarised in the Following
SIGESO report:

COPY OF A REPORT BY Dr. HANS RODER (i THOHWICAL WORK IN
CERMANY FROM DECENEER 1938 to APRIL 1945,

The object of the visit was to obtain information on the test
equipment,if any, used in Roder's M tests. In addition the team
was reqguested by G{T) and CW, Bad Osynhausen, to obtain further in-
formation on Roder's experiments on *wo synchronised Il transmitters.

It was revealed that, in his U experiments carried out during
the early part of the war, conventional circuits for modulation and
demodulation were used. TFo test equipment designed specifically
. for i was available, lsboratory methods of measuring the various
quantities being used. The carrier peak deviation was measured,
for instance, by combining the modulated carrier and a variable
frequency oscillator in a mixer, and applying the rectified output
to a cathode ray tube; the modulating frequency wes applied to the
other pair of plates., The resulting tube display consists of a
broad band with a 'pip' superposed when the instantaneous carrier

!



frequency equals that of the fixed oscillator. By varying the
frequency of the latter and moving the 'pip' from one end of the
trace to the other the total carrier deviation could be measured.
This method is well ¥mown, and is in any case not suitable for
tect equipment in which an instantaneocus indicaticn of deviation
is required. TRoder stated that his transmitting and receiving
equipment was unsatisfactory in many ways, consisting of units
which were designed for other work, and not specifically for the
Job. It is, therefore, not surprising to find that no test gear
was available for these experiments.

Purther information was souzht on the operation of two syn-
chronised i transmitters, referred to in Roder's repcert. It
appears that one of these transmitters was loeated at Europa Haus,
inhaldter Bahnhof, and the other at the Telefunken factory in
Zehlendorf, both places being in Serlin, The approximate distance
between the transmitters was 11.5 Km, the operating frequency of
the order L0 Mc/s, and the peak deviation approximately +30 ke/s.

The transmitters were not synchronised in the accepted sense
of the word, Each was controlled by a separate IC circuit, set
to give the same nominal fregquency; different modulations were used
on the two transmitters. It was hoped to keep the two frequencies
the same to within 500 ¢/s but this was never achieved. Roder was
attempting to improve the oscillator stability when it was decided
to discontinue these experiments. ‘

Making = survey from one transmitter direct to the other, the i
disturbance range was £aid to be "remarkably small®", 50 - 80 metres,
Bven within this range spots could be found where either one trans-
mitter only or the other could be heard - possibly due to local
voriations in field strength caused by reflections from trees or
telephone limes., Within the disturbance zone s combination of the
iwo modulation signals, and distorted cross-medulation occurred;
Pader sesmed a little vague about the exact nature of the distorticn,

Roder's statement on the disturbance zone must be accepted with
some reserve, &5 so much depends on the criterion adopted to decide
where a disturbance zone commences. Observers in America and England
agree that a carrier ratio of the order of 20 - 30 db is necessary
for coimmon channel working to give results comparable with a single
transms tter.

Roder also mentioned that Telefunken had built the Hamburg
police I'M Communication system and this was sezn Later in Hamburg
but revealed only one minor point of interest (See Report V). He
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also sald that he had tried %o stimulate interest in ¥ broadcasting
on high frequencies during 1938, believinpg that this is +the ultimate
solution for high fidelity broadeasting using synchronised trans-
mitters. He envisaged a series of stations serwvinr the big towms,
using I because of 1ts greater range and freedom i'rom lﬂt&FfGTﬁﬂce
The Deutsche Reich Post however was not very interested in the work
and it was abandoned,

Roder seems to have tried to stir up an interest in the work
he was doing and was evidently disapvointed with the lack of in-
terest shown. 'Uhis may be one of the reasons why he attempted to
resign in 1942,

Summarising Roder's work, it h“as not covered any ground which
has not already been covered 1n Allied ecountries, and has neither
provided new information nor utilised novel equloment.

Revort ITT Telesfunien Gmbi, berlin, Schoneberg, liaxstrasse 8,

Twn visits were paid to the Telefunken Tactory on Lk, 6.46
and 17,6.46. The following personnel were interrogated:

Herr iuth Section Leader
Dr., Frang Section Leader

It was stated that the only eculoment using frequency modulation
made by Telefunken were the communication sets 'Michael' and "Rudolf’,
types DiGHE and THG3G respectively, These are multi-channel com-
munication equipments working in the band 50 to 60 oms, in which sub-
carriers are amolitude modulated, the channels added, and the <otal
modulation signal used %o freauency modulate the carrler. fall
operating instructions on these equipments are available in England.

Michiael provided 1 speech and 2 telegraphy chananels and Rudolf
9 carrier frequency speech channels, the peak frequency deviatiocn
being +60 kc/é. Each speech channel can alternatively be used for

7

3 televrinter channels.

In the transmitter a mapgnetron is used as ths oscillator, and
is anode modulated, The avplication of modulation causes changes

“in both amplitude and frequency of the carrier wave, the 47 como-

onent beiny suppressed in the receiver, and the 5 component used
to convey the intelligence, The recelvers employ a magnetron as
a frequency changer, the I.#, frequsncy being 650 kc/s. In the

liichael receiver, the diseriminator coasists of two circuits, cone

. tuned abeove and the other below the mean I.F. freguency. xhe
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differential D.C. output from this detector iz also used auto-
matically to control the local cscillator freguency. In the case-
of the Rudolf receiver, a siagle stage low pass filter section is
used as the discriminater; the automatic freguency coatrol is
gimiler to that used in the Michael receiver.

These equipments were widely used for communication purposes
during the war, For lining up purposes in the field the local
transmitter was used as the source and a cathode ray tube unit
connected to the output of the receiver discriminator, the other
peir of plates being connected to the modulating aignal.  The
receiver circuits were then adjusted to give the most linear trace
on the screen,

For general laboratory F.M. tests a sigmal generator had been
developed, and was seen on the occasion of the second visit, namely
17/6/6. A circuit diagram of the insirument, Wobbelsender 2,5 u 18 Mc/s,
is attached, Fig, 1. The purpose.of the generator is to produce a
frequency modulated signal at either 2.5 or 18 Me/s. This is achieved ¥
using two oscillaters on 7.55 end 10.45 Mc/s respectively, which are
mixed, the difference or the sum frecuency being selected by a switch
as required. One oscillator caen be frequency modulated, a conventioral
type of reactance valve modulator being used, The other oszcillator is
fixed in frequency, beth escillators being applied through separator
astages to a mixer., The sum or différence frequency is selected by
means of switched filter networks., This is then appligi to EE -3
amg&ifying igage, giving elternative outputs of 0.5, 107, 107, 10 7,

10  and 10 7 volts., Different concentric jJacks are used for each
output level, instead of a rotating switch as is usual in America and
Great Britain. ~

Provision is made for amplitude moduletion, frequency modulaticn
at 50 ¢/s, by external modulation, or by both gimultaneously. The
latter arrangement was used to determine distortion in the receiver,

The frequency deviatien is not measured directly, but the amdio
input level is indicated and the meter calibrated directly in terms of
the deviation up to +100 ke/s; the meter was epproximately linear
excepnt at the lower end of the scale, Presumably the meter is.calib;atgd
using D.¢. modulation; it was stated during the visit thaF t?ls dev1§ﬁlon
meter was operated from & calibrated discriminator, but this information
does not agree with the circuit diagram received later.

A means was provided for checking the output frequeycy,_but.the
exact way in which this was done is not c¢clear fre@ ?he Clr?ult dlagra?,
The purpose of the 50 ke/s oscillator incorporated in the instrument is
also not apparent, but both these poinis are unimportant.

[
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The equipment was battery operatea (with the usual German multi-
plicity of supplies) in a steel screening box approximately 2! x 1! x 17,

Each 1nit was in & separate screened compartment, the design being neat and

compact but not outstanding.

In discussing the general P development programme carried out by
Teiefunken no mention was made at first of Roder's contribution, and on
being questioned about this Muth first stated this was done entirely in
America befcre the war, and later tnat it was entirely theoretical,

-~ both of which statements are incorrect.

A6 special test equipment has been developed for televisieon, work
vn which was gbandoned at the beginning of the war. [Previous to this
a special test pattern card, Siemenstarr, has been designed for
checking the resolution of receivers, bub the resudts were estimated
eitirely subjectively.

Ne mention was made of the rack of equipment loaned to Siemens
lialeke, Berlin (See Repcrt I) and on questioning, no information was
obtained except that it was probably just an artificial pattsrn gener-
ater and in any case was not a production job. Due to dispersel of
staff it was claimed to be impossible to obtain further information
on this equipment.

Summarising, this visit resulted only in information on cne

type of Fil signsl generator, and this shows nc cutstanding features.

The personnel interrogated were not considered particwlarly co-oper-
ative, but from other encuiries made it is not ccnsidered that valuable
information was being withheld.

Report IV Lorenz GmbH, Berlin, Lorenzweg 1, American Sector.

This target was visited on 17/6/46, ancg the follewing personnel
interrogated:

Herr Saberski, German Liaison Cfiicer.
Dr. Seidelbach, Section Leader.

The only work on frequency modulation carried out in Berlin
Consisted of laberatory tests of & general naturs. o test eouip-
ment of any kind had been designed or produced, the parameters such
35 carrier frequency deviation and discriminator lipearity having
been checked by laberatory tests of a conventional type.

Tests cn television receivers were else carried cut using
1abcratcry set-ups. Sets were tested up to a bandwidth of 4 mC/S

- Using rectangular pulse modulated signals, the shape of tne pulse
g

8% tue video output being compared with that of the input pulse.
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Using the same type of signel, tut employing a series of pulses
of wiich the amplitude incresses linearly with time, & gradation
frow bplack tareugh grey te white can be obtained, as illustrated.

big. 2 FF———;IUNE“;_"_“*

ol course, crnecLs conly emplitude disteriion in the

()

the resuits of tneze troo tests were satizfeactery it
that tae recelver was satisiactory nLWﬂvar, an
eegt pabbtsrn was useld Lo cineck overall Dericrmance, tne.
petbern coosleting o bleck, [roy wad wnite squﬂres.

fiive mez-uramoents cn recelver resclving power have

¢ H £ ecuipment, In
tﬂe case ¢f televisicon the Best involving a lineardy incrsasing pulse
smelitude is tnought tc be nevel, and is censidered uselul.

~nepert V Hdanhure i Police Communication Svstem, British Zeone.

communication systenm was designed by Teleiunken Gmbd ena
during the early war yesTs. It wes inspected as 1t was

ch

2118

instailed

thought it would prcbably Lo typical of best Germen practice; the
desirn wes sufiicienily recent e be of interest, but not late enough
to be effected by wertime sxpedisnts.

The system ic mow under the control of

i iom Loy Cermeny
Posts end Teleccmmunication Branch,
Reickhpostdirelcticn,

Stephansplatz, Hamburg,

end wee demengbrated by Capbein Saecre, on 2ist June 194€ and Ihth

The eguipmint wos Getizned, installed and mzinteined by Tele-
unk.n cnginetro. he & result, the police ofiiciule in cusrge of
the ~eujpment Lere not LETT 1cuL¢r?v conversant with technicel
deteils cf spparatus.

-1
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uriginally the ceniral eculpmcnb censisted of twe mein trens-
mitbters on & Irequenc: cf 2.0 & and & pumber of receivers
scattered reunc the city, locsted in church spires and othsr high
builcings. Tae iransmitters were relstively close tc one znether,
znd the reascn for using twec wes net clear, unlesc ons was regerded
as o spare in case ¢i bemb danzge. Facilities were proviasd in
the Control Hoon Jer qw*tching from cne receiver e ancther, the
choice being nﬂde, it is thougnt, accoruing tc tue car being celicd.
Cars were equipped with & receiver and & smell tr v mitier on 27.8 te/s.

o
B

AT present trencmisgion frem the cars ip not permittied, wna fiw
system comj eg one moin trersmitier and e pumber of care ecuipp
with receive

The main trancmitter (Kester) is situated in the Deutrchering
building in tne ventre of the city, and gives an output pover cof
200 watts on 2%.5 le/s. It is situsted in the bascment of the
ing, snd ic cemhected by & coneentric ceble to an szericl on tu"

egppreximately 120' sbave ground level.,  The tranumitter is

cabinet sppreximately 5 x 7' x L', anc is powersa frem met 4
stere externsl tc tae ca inau, renctely cperated from the Centre
Reem.  The maschanicel lay-cut ¢f the transmitter calis for me o
ular comment.

4 circuit disgrem is shewn in rig. ». I consists ci en LC
cecillator on 5.9% de/s, apn amplifier, tr ing stages
emplifier. The output staze includs: clal i
acricing et 2000 vy these are not sult : :
exceeding “0 Ne¢/s except et leower ancds valis and outiut power.

Frequency modulaticr is achieved by e veir of pugn—pull reactance
velves connecged directly across the oscillatory circult. The circuit
errsngement cazlls for comment as it is unconventicrasd zpa nas sone
advantages. '

M \.
] [
lonepe
§ lAum01NpuT
Fig, 4a Cenverxzicial rush-pull reactance morulator

The conventicoal pusi-pull reactance modulator is shovn cchenatic—
elly in Fig. 4s, zno consists of twe vaelves of which the anouc, Zric
Cetncde wre interceonnsecisd by notwerxks bl CL end Ao Ops ke wicic belng

0G

Cennected in perallel witn the mein cscillatory chcult if, at the
cerrier frecuency, the reactunce cf Cy) Ry epa cf Cp {¢llp, neglecting
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interelectrode capacities, valve Vi behaves as a cepacitance and

V5 as an inductence. In the absence of modulation, these reactances
can be made to cancel at the carrier frequency. Vhen modulation

is applied & differentisl change in valve reactance is obtained, the
resistance componant being unaltered.

It is usually desirable to carry out moduletion at a relatively
high frequency, in order to &void too great a number of frequency
multiplying stages. This makes it difficult to achieve the condit-
ions stated above, since the impedance of C; and R, become comparable
with that of the interelectrode capacities.  There is ne difficulty
in the case of V1, since (1 can be considered to include the inter-
electrode capacity, but in the case of Vo, the anode/grid cepacity
sericusly limits the permissible value of &nd hence the maximgn
working frequency, unless special types of circuit are used.

In the cese of the Kastor trensmitter a different approach is
made, which is shown schematicelly in Fig. 4b.

SIS _ |

AUDIO INPUT
Fig. 4o Ks push-pull reactance modulator

A push-pull oseillator is used, V§ being coupled through en RC
combination to cne end of the tuned circuit, end Vo to the other end.
The phase difference of 180° in the carrier vcltages applied to the
RC networks produces the same effect as the circuit of Fig. 4a, but
without the attendant restrictions. The only difference is that in
the circuit of Fig. 4a there is e constani resistance component, which
does not change over the modulation cycle; in the case of Fig. 4b the
resistence component cof Vl is cancelled by that of Vs, but only in the
ebsence of modulation. Despite this limitetion, no% usually a serious
one, the circuit arrangement is neat, and was previously unknown to the
team,

The sudio range of the trensmitter is 150 - 3500 ¢/s, and the peak
frequency deviation is +15 ke¢/s. No indication of the latter is given, .
but the audio input level is shown on a 7 eter.

Included in the transmitter is a frequency checking wit. 4
erystel on 5.95 Me/s is used in & circuit coupled to the master
oscillater, and arranged to give a meter indicetion when the carrier
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frequency is correct. Otherwise no testing equipment is provided
with the transmitter. '

The car receiver is mounted in & small screened box approxinaetely
l2% x 9" x 9", apnd is connected to a 6! vertical aerial which projects
through the roof of the car. The filaments are supplied from an
accumlator end the anodes from.a vibrator unit.

The circuit diagrsm, shown in Fig. 5, consists of one HF stage,
2 mixer-csclllator, three IF stages on 3.0% Mc/s, limiter, Seeley
discriminator and an audio ocutput stage; automatic tuning is
achieved by using & separate velve controlled by the receiver dis-
criminator. The design, therafore, follows conventional lines; the
instrument was compactly constructed but calls for no special comment.

The transmitter originally used in the cars had a nominal, output
power of 25 watts on 27.8 Mc/s and employed a rotary convertor for the
power supply. A circuit diagrsm is shown in Fig. 6; it consists of

~ en LC oscillator, tripler end finel amplifier. In this cese the
variations in carrier frequency are obtained by & valve, the resistance
of which is controlled by the audio input signal. This system of
‘frequancy contrel is net uncommon in mobile communication systems, and
is quite satisfactory for small percentage frequency swings. The
reason for comnecting the 12 voli motor generator supply to the sudios

© input transformer is probably in order to cancel the effect of ripple
voltages,

- Summarising, the only outstanding point in the squipment is the
method of modulation of the main trensmitter; otherwise the electrical
and mechanical design is sound but conventional. The system as
originally planned, with its multiplicity of receivers, seems
inefficient and untidy. .

Report vI Interrogetion of Dr. Krosbel, Guericke Gmbi, Riel, British
. Aonea,

The name Guericke Gmbil was a camouflage title for the {1
Hagenhuk, operating at Schleoss Bredeneck, Preetz, 12 km south-east of
Kiel. The Institut fur Elektro-Medizin, which operates in the same
building, was associated with Hagenhuk in certain matters. The bech—
nical directer of the former is Dr. Kroebel, who was interrogated at the
Mil. Gov. Building, T. and I. Branch, Kiel, on 24/6/46, by arrsugement
with Mr. Herford, C.C.G. Officer.

A number ci BIOS teams have previously visited Schloss Rredeneck
and described the work carried out there during the war, The Gis-
cussion was, therefore, confined to eguipment having specific applic-
Ations to frequency modulation and television.

P
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The only pnew information obtained concerned Kroebel's work on
rectifiers, and tuis was rather nebulous. le had experimented with
silicon carbide, copper oxide/copper sulphide, and germanium crystals,
originaliy with a view to using them as rectifiers. However, !
thesretical considerations showed that they must simultaneously
exnioit the characteristics of a capacity varying with the epplied
valtsye, aend might therefore heve aeppliceticn to freyuency modulation
systems. '

Tae twe interdependent phenomena were not completely under control.
I, for instance, attempis were made 1¢ produce a good rectifier the
variable capacity cunaructeristic suffered, and vice versa.  Attempts
gere then made To provide an element which did not rectify at all, but
exhibited large capacity variations. It was thought this might have
epplication to frequency medulation on centimetre wavelengths.

Investigation of the high frecuency losses in such devices at
frequencies of the order of 10,000 Mc/s proved difficult; tests had not
reacuned finality before thes end of the war, and were now disconiinued.

Kroebel alsc stated that he had at one itime be=n in touch with &
seientist working on e similar problem with a new type of ceramic
material, He had no pcsitive information on the results cof this
investigation, but thought, given time, tnat he might be able to obiain
mcre debails. So far nothing further has materialised, spsrt from the
name of the scientist, which is as follows:

Prof. Falkennagen,
Dresden, Technische Hochsenule.

It is recommendsd that further enguiries be made about this work.
Summarising, Kroebel!s work had little direct connection with
frequency modulation and television, and no useful positive informetion

was obtained as & result cf the interrcgation.

Report VIT FPorschmgs Anstalt der Deutsche Reichoest, dacn, Nr. Sipcen,
Baden, Frencn Zone.

The Deutsche Reichpost research station at fach was wvigited on
July 2nd end 3rd, 1946, where the following stafl were lnterrogated:

Dr. lieiss, Director.
derr .eber, Zectlon Leader.

This station was ap evecuastion centre for pari cof the DRP stafl,
activities being transferred te sach in Gctober, 1%43. The main
work carried out concerned television for use in guided missiies,
future work being directed tcwards bhe development of a high delinition

e e s

Lo gt n]

fLe



-13 -

picture employing 1000 lines and a carrier frequency in the decimetre
band. The general work carried out has been covered in other BIOS

Reporis.

The directvor at the time of the visit was Dr. Welss, a German
television expert. The station is, however, controlled by the
french authorities, the cfficer in charge being Captain Hunsch, who
was awey at the time of the wvisit. The present activities are
restricted to studio work, school and demonstration broazdcasting equip-
ment, and repairs to radie receivers.

_ Yieber stated that, in general, tests on ielevision systems and
receivers were of a subjective character, and described the type of
test made on btelevision receivers immediately before the war as being

typical of the testing technigue.

Special patterns were projected on to an iconoscope, the pattern.
consisting of black and white squares; in some sguares were sets of
vertically and horizontelly converging lines, to check the resolution in
each direction. . Observers at a given distance from & scresn were
asked to say when the converging lines were nc longer separete, and
- this wes compared with the expected resolution for a given number of
lines. Good sgreement between different cbservers was c¢bitained. This
standerd pattern wes very similsr to the R.C.s. test card in use at the
same time.

Fer checking phase distertion, which intrcduces 'ghosis!, a half
black-half white pattern was used.

In order to provide a synthetic 'strip' picture for tne pre-war
Germsn stendard television system (44l lines, interlaced scanning,
BG frames/sec.) an equipment was used whereby the double line freguency
of 22,65 ¢/s was divided in successive stages by 7,7,35 and 3 to
ocbiain the frame frecuency. The circuit diagram of this equipment
was shown, but it was of a conventional type, and calls fer ne spscial
comment.

To check the linearity or the receiver, the transmitter was linearly
nodulated using a portion of the line scanning voltage, and the wave form
of a total of two lines orly were viewed on a cathcde ray tube screen.
This gives a picture:

e
Fig. ? i

As the modulation depth was varied the limearity of the !'visien!
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signal was viewed on the screen, and 'wander! of the 'black level!
observed.

A further test carried out consisted of using linear trans-
nitted vision modulation, and viewing the oubtput from the rsceiver .
on a cathode ray tube. The light intensity was measured by meéans of
g smell light cell in contact with the tube face, A mask was used
to screen the cell from the light other than that which it was :
required 1o measure. The overall linearity from the transmitter input
to light ountput could thms be measured. '

Weber then went on to describe objective tests made on receivers,
but these wers of a conventional type. 4 varisble frequency
cscillator was used to check the bandwidth, usiug the DC oubtput of the
diode as the indicator; the video amplifier was checked up to a
trequency cf 3 iie/s.

Signel generators in which the cerrier frequency was varied
cyelically end automaticelly over a range of 4 dMc/s relative to the
carrier fresuency of apprcximately 50 iic/s have been used, the freguendy
response c¢f the receiver being avtomaticelly delineated or & cathode
rey tube. '

4 similar instrument, made by Fernseh(GmbH in 1942, was demonstrated;
this was used for testing the frequency response of the intermediate
frecuency emplifier of television receivers. The generatcr contains
feur oscliiators, cne swept over the range 46 - 54 lie/s, and cthers cn
tixed frecuencies of 46, 40 and %4 lc/s, any one of waich could be
switehed on. The difference frecuency is selected, giving outpuis
ef 0 -8, 6 ~14 cr 12 - 20 uic/s as required.

The varistion in freguency wes carricd cut &t 25 c/s by varying
the current threough the inductence ¢f the varisble cscillator, whicn has
an iren core.

The ouiput is alsc pessed through & valve in whese ahcde are
circuits tuned to L, 7, 1%, 19 le/s; the ocutput is rectified and fed td
the indicater circuit, thus placing calibration 'pips' on the cathode
ray tube.

The output of the oscillator cculd he varied over & wide range, but
the gain of the cathode ray itube amplifier was fixed, reqguiring 1 v.
input to give full scale deflection on the 9" diesmeter tube, in which
the zncde veltage was 5000,

4 beocklet containing operating instructicrs end circult diagram
e? the instrument wes ceen, and & reguest was made for & copy of thds
documernt te be prepared. It was stated that the copy would be
ready fcr ccllection? FIAT at the end of July 1946, bui this has not
bern recelved, despite repeated requests to M.o.o.
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* Repexrt VIIL Siemens_Helske, Munieh, Hofmenustrasge 5l, American
Zone.

This target was vielted on July 5th, 1946.  Dr. Holzler end &
pumber cf Germen staff were interrogated, all ef whom were very
po-operative.

The informetiop given in Report I wes confirmed, nesmely that
Giemens Halske have developed no test equipment for television, &s
they had no specific war progremme in this branch; further, their
activities concerning frecuency mecdulation have been iimited to
gignal generators., Three different types were being developed but
none reached finslity, nor were eny actuslly produced for cistribubicn.
They had, however, &ll recched the stage of being compleled as
laberatery models. The work waes carried cut in Berlin ana the
equipment had either been destroyed or evacusied by the Russisns.

The three types of FM signal generetors are distinguished by
their frequency ranges, and are described below.

1. Instrument No. Rel. Send\29a, C.0 - 20 Me/s.

This instrument was made in Berlin in 1942, one 'brezd-
board! and one laboratory model having becn compleled, beth of
which have since dissppeared; the circuit diagram is shown in
Fig. 8. The instrument covers a renge of 0.5 - 20 Mc/s, and hes
a peek frecuency deviation which can be veried up to #C.5 Me/s;
it can alsc be amplitude modulaied. The output was fixed and
was approximately 1 v. inte 70 ohms, the intenticn being to follow
this with a secparzte attenuator. The complete instrument was in a
screened case approximately 0% x 24¢"x24n. :

The generetcr includes sn oscillater having a fixed mean
frecuency of 50 ¥c/s, veried over & range cf 0.5 Mc/s by a react-
ence medulator. A verisble oscillator on 50 - 70 Hc/s wes cenbined
with the fixed oscillator and the difference frecuency, 0.5 - 20 Mce/s,
selected; the ratio of the amplitudes of fixed tc veriable oscill-
eter was spureximetely 10:1. Two wide-band stages of amplificetion
complete the circuit, the output being teken through a wide—=band
trznefcrmer.

The fixed oscillator wes eutometically stabilised usitl a
pair of dicdes, onme tuned to a freguency belcu, &nd one above the
mezn carrier frequency. The variable oscillator was ssld to be
reascnably stable and did not require sutematic contrel; it eppears,
however, to be stebilised against enode voltege variaticns by
means of a bridge circuit containing & neon lamp.

amplitude modulaticn was achieved by passing the modulating
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signal through a valve, the output of which was used to control the
biscs of an ampiifier following the fixed osciilator. In the case of

F11 the LF emplifier and a dicde are used in combination o ellnlnate
ery amplitude moduwlation of the flxed oscillator.

The output veltage was read by means of a diode vhich can be
connected acress the output stage. [IProvision i alsc made in the
'messuring stege! for listening to the AW tone and alse¢ for measuring
its level, The measuring dicde coula aisc be connected through a

tuned circuit having a maximum slope at & freguency of 15 Mc/s; by this

means variations in frequency were converted to changes in emplitude
which were directly indicated cn the diode meter. The calibraticn was
cerried out stetically, and was claimed {o be velid cver the range

5 — 20 He/s - "y careful design”.

No technicul leaflet describing the sigpal generator was szid to
be availsble.

2. Instrument No. Rel. Send 27a, 5 - %00 Mc/s.

This instrumeni covers 5 - 300 Ke/s in eight ranges, and
was designed to fit into a box 22" x 17% x 110, It was stated
that & 'breadboard! model only had been made, but as a printed
descriptive ileafiet was availsbie it seems probable that
development work was nearing completion. The circult disgrem
is shown in Fig. 9.

The oscillator could be frequency moduleted (using
frecuencies between 50 ¢/s and 10 ke/s), the deviaticn buing
approximately +10C kc/s.

& push-pull osciilator was used, the modulation being
applied in push-pull tc the cathodes, amplitude modulation
being thereby eliminated. The frequency deviatien was deter-
mined statically by verying the cathode potential and thereafte:x
maintaining the input level of the modulation constant. It was
claimed that the frecuency deviation did not vary apprecisbly
over the rangs of carrier frequencies, but this is difficult to
believe.

To meintsin the oscillater voltage consitent, & diode
scrose the output circuit wes applied to & three stege direct
current amplifier, and the cathode voltage of tae [linal valve
used as the oscillator snode supply. This may at first seem
complicated, but it is probably & very effective way of malntaln-
ing constant cutput aover & wide freruency Tange.

The oscillator was coupled tc the following emplifier stage
through & capacitive potentiometer giving a veriation in output
of 107¢1. 1In adaition a switch on the output circuit coula be
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nsed to reduce the output in the ratic 10231, giving a total
range of contrel of 16°:l. Up to 200 Me/s the output into
10 ohms was variable between 0.1 pV - 1 mV in one output '
switch position, and between 10 pV and 100 mV in the other.
Between 200 and %00 Mc/s the voltege was epproximately one half
these values. .

The frecuency weas claimed to be accurate to within 5 parte
in 1000, and the output voltage witbin the following limits:

5 Frequency, Mc/s. Accuracy of Output Voltage
5- 50 + 10%
50 - 100 + 205 '+ 0.2 wV
160G - %00 £ 50 +1 uvo

The oscillater could be emplitude modulated by an external
source from 0 to 2.7 ic/s by varying the screen potentlal ol the
emplifying stage. Alternatively ean internel source of 1000 ¢/e
coulda be used, the percentage modulation in this case being
0% k-

z. Instrument No. Rel. Send 28s, =50 — 750 Mc/s.

o F— e

This ingtrument was an AM/FM signal generator covering the
range 350 - 780 llc/s, and was developed with = view tc testing
equipments such as Fil multi-chennel communicaticn systems. A
printed descriptive leaflet was aveilatle, which inuicales thet
cdevelopment work was neering completion. 4 cireuit diagram is
shewn in Fig. 1G. '

The cecillator cculd be frequency mowiicted to a peak
devietion of +500 kc/s cver the renge %00 ¢/s to 400ke/s.

Thne push-pull oscillstbor woris on the Lecher wire princirle,
the frecuency variation being cbteinec by verying Lhe caihode
petentisl of cne of the valves. Tie cecilliator anicde voltege
iz stebilised by mezns of a .ciode across tne csclliater cutput
conniected to a two-stege DC amplifier, in & similar mepper to
type (2) described above. A meter in the dicde circuit measures

the carrier level. Tne pecillator frequency is accurabe o
W'i th i‘ﬂ :[:_1 ;‘E} .

The gufpubt i verisble between I pV and 100 mV intc a loaa
cf 70 chms. - ‘

. Amplitude meduiaticn is alsc possible, the moauleation
percentege being 50 for an input of 16 v.

The slgnal generators described above appear 4o be well designed,
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but do not indicate any revoluticnary chenge in technicue. 'The
method of modwlation end the measurement of frequency deviation are
not outstending. The frequency range covered and the range of output
level, however, indicate that great efforts were being made. -

It is interesting to note that work on FM signal generators was
proceeding simultsnecusly over such a wide frequency range. This is
consistent with other reports that relatively little test gear was
available apart from labcratory *hock-ups?.

The German engineers questioned seemed not to know the precise
applicatien in view for the signal generators being designed, apart
from the fact that one use in view for type (3) was the testing of
Fi multi-channel centimetre communicaticn systems.

In view of the large range of frequency, output voltages, and
choice of the type of moculation, it seems probable that the instru-
ments formed part of a general development programme rather than tools
designed for a specific job. i

Beport IX P. Gossen, Frlangen, Naagelsbachstrasse, American Zone. %

This target was visited on July 8th, 1946, and Herr Kroger,
Chief Physicist, interrcgated.

Tae firm mekes high grade indicating instruments for direct and |
alternating currents up to frequencies of the order of 50 Mc/s. No
test equipment for FM or televisicn had ever been mede or contemplated. i

Report X  Siemens Halske, Frlsngen, Luitpoldsirasse 45 - 49, Amerijcan

LONS. i

Dr. Ulirich and Dr. Buchmen were interrogated at the sbeve target
en July Gth, 1946.

Inere ere two main branches c¢f Siemens at Frlangen - Siemens
Reiniger , concerrned with electromedical equipment, and Siemens Schuckert,
doirg heavy current engineering. The German engineers engaged con
racic investigaticns moved tc Siemens Reiniger , Erlengen, in October 1945,
after the end of the war. They are now working on conventional test
equipment for medium wave broadcasting.

Although neither of the persons interrogated had been directly
concerned with the subject being investigated, the little information
obtained confirmed that given in Report VIII.

3. Targets Considered but not Visited.

No infermation of any kird could be cbtained about the following
individusls or firms given in the SIGESO target list:



R. Abrahemson, perlin.
Jo Junkers, Beriiu.
Tanbild Jelevisiecn Seosiety, Berlin.

Fo-Rurt, Dusselderf.

The fellawing targets were considered but net investigated for
the reascns given:
- - = L]

Y. Gcssen, Berlin, Gnelsenaustrasse ¢, anerican Secicr.

This is only a small office in & large block. Two unsuccessiul
attempts were made to contact the firm's representative, noffmann,
and it was evestuslly decided to pursue encuiries ab the Trlzngen
factory. lHo useful informetion was, however, obtained tuere (see
Report IX).

geutscne Fhilips  Beriin, Kuriurstenstrasce 126, Britisa Sector.

-

Lekania erke, Berlin, Kaiseralles 83, fmerican Sechor.

The only aciivity of the firm involving radio techniiue
conicerned the manufacture cf mechanical measuring ilastruments using
electronic methods. It was nct ceonsidered worth whils visiting in
the limited time available.

Blaupunktwerike, Berlin, Eritish Sector.

Qther BIOS Beporta cover

Feyneeh, A.G., Baa Selwuflen, British Zone.

formaticn cbtained from G(T) and Cekw., Bad Oeynhaussan, was
to ths effect that this target has vest desit.oyed and buae verwonnel
ad.

ii.C. Heraeus [Hanauy iain, Anerican Zone.

This probably refers to Heraeus, Vacuuﬁcchnﬂiae, LGy nanau
am dain snd Sterbiritz, & subsidisry of ciémens lialske. BaloeUaie
Reporta previoualy publlahmxmvnr she werk sone by the I'ira, nauwely
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wne making of alloyes for special purpeuses such as sealing into
glass. Tae target was not considerea cf interest tu the team
in view of the limited tine svailsbls in thé American Zone.

Joszf Neubercer, munich, Steinstragse 16, dmerican Zone.

This is a small facdtory
making conventiondl meters and test sets; Lhe construction is
tcheap! and invelves ne ncvel methods of manuracture. Ihis
terget was nei consicered worth wiile visiting,

Te ha e, Nurembesrg, Lllersbergstrasse, American Zone.

This is mainly & valve factory and
was not considered worth while visiting in the
limited time avairable,

Suddentsche Apparat Fsbrik, Hurcnberg, Ancrican zZone.

Thiz {irm is ceoncerned mainly witn the menufacture of
seleninm rectiiiers. ©ine werk being deceribed in other pINs
The target was not considered
interest to jusiify & visit in the limited tiame

Porschungs fnstalt der Deutsche fieichnest.

0f the suggested D.R.P. targets et Stadsieinach, Hassenburg
Coburz and Aach, it was not pessible in the time available tc visaé
all, in view of the leng travelling time involvea. sach was
considered most werthy of invesbigation, &and tns resuiis arc
describea in Report VII. '

Conclusicne.

Investizatisns by cther B.I.Q.b. teans heve saevwn that, while
test ecuipment for frecuency mednlation and televisicn existed, it s
nch considersd to bs ol =ny gsreat importance. Further investig-

‘J

ation by this team tends Lo POﬂflrm the view that bisre 1g 1itils
spparatus aveilable cf outstanding tecimicul merit, ana thav so ver
£ could be ascertained, ncining ungnr cavelenment wnicn coula be
considered as anything bulb conventional. The cenclusicns reached
moy be divided into twe clasuer, bthcse relablng te (1) frequency
modulaticn, anu (2) television, eltnough some ilems are applicable te
toth subjecis. :

weciiic ally fer
wh achn

apparstus desis
L‘ﬂg’ it was fC

Considering firstly
frequency modnisiion fes
as Linited tu signsl geverators. In
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but net cuistanding, apparatus seszn being devoid ¢f anything
technically novel or constructiornally artistic. The general
impression cbtained was that it had been decided at some high
level that irequency modulation would preobably be used cover the
range G.5 to 750 Mc/s, and a programme wes accerdingly laid dowm.
Le one parit ci the pregramme, engineers had been recuired to
produce tignel generstors tc cover tnis range, without necessarily
having any knowledze of their applicatiorn or of the need for cther
gsscciated equipment. This programme appesrs Lo have been
arbiticus as regards Irvscuency range end stability, range of ocutput
voliage, and chelice of fypes of modulation. These reguirements
greetly complicatsd the design difticulties, snd have made the
instruments complex by ceompariscn with simiier Allied instruments.

h

The stage cf devslcpment rceched at the time of this investig-
aticn could barely be celled pre-production, as in meny cases the
infermation svaileble wese mere o thes nafure c¢f design data than

of performance records. In scme cases it wes exvectec that the
recuirements would ultimately be met by "careiul design®.

teen made o
but whars no ap
conclusicns wer

s
- been done as a oursly leboratcry measurement, and nc use ceems te hevs
T
Q

devistion mebers. -Distcrticn received scme attenticn,
paratns wae availeble for meking dvnemic tests,
e basad on the results cf static tests.

]

Secendly, the appersztus for television recelvers wee gtill in

‘the laboratory stege, snd in general seems to have been expectea to

remein so, & useful tocl fer development work rather then an essential
gid to preducticn. This sttitude is not difficult to understand as
telsvision had no war-time uses other then its scmewhat limited
applicaticn to guiced miseiles. It is of interest te note that high-
defipition television nad been under cepsideratlion by the Deutsche
Peien Poet (s=ze ileport VII).

The use of frecuency moculsted signale bavipg a leow modulation
reguensy, in canjuﬁcticn with cathede rey -oscillcscepes lor provicing
visusl response curves, cesms fairly genersl,  Some of the epparasus
was in final production form, netebly onc instrument made by Ferngeh,
Gubi, which could be applied tc televisien testing end for geneval [
mezsurements. The use of pulse modulated signels aces not seem 1o
have been adopted to amy spprecieble extent cther than by Lerenz.

The use of verisble permeability iron in frequency medulated

oscillators is commen practice, but little progress seems to have been

mede in the applicaticn of material of centrollable specifie inauciive
capacity tor producing 5 signeals.

In'generel, the development of =ll test gear Ssems 1o have been
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dependent on the demand for eppsratus for war~time uses, and
projects having no immediste wer-potentisl mede little progress
after 19%78. Dpifficulties inseparsble from the dispersal cf
resesrch and developmeni groups seem to have resulted in a
certein amount of duplication of effort. As a result ci these
and cther limitations, so far as this investigation is concerned,
there seems little to shew for the past six years work, and the
general test gear position is comparsble with that existing in
Allied countries in 194Q9.

HP/%MB /DC
6/2/47
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