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| This report is based upon information obtasined during an
investigetion of the development end spplication of Television and
sociated equipment in Germeny. The investigation started at
_ urt on the 16th February 1946 and tenminated at Bad Oeynhausen
the 20th March 1946,

The targets notified in London were supplemented by several
Bthers discovered by examination of records end reports in the library
1t ¥.1.4.T., Frankfurt, and the complete tour involved vizits to

search Establishments of the Deutsch Reichpost (D.R.P.) and/or
gctories in or near the following townsi-

Nirnberg, New Drossenfeld (Nr. Bayeuth), Stadsteinach

. EN:'. Kulmbach), Neustadt (Nr. Coburg), Taufkirchen
Nr. Munich}, Aach (Nr. Signen), Berlin, Gottingen,
Brunswick and Hildesheim.

some instances the visit did not justify a detsiled technical
:"GPOI'to .

Throughout the tour the personnel interviewed at the various
tablishments were helpful snd co-operative in discussing the technical
yroblems involved in their work snd in showing and, where possible,
tzsnonatrating such equipment as remsined availsble. In certain
tances this attitude was attributed to the fact that some members of
:he investigating team had been kmown, prior to hostilities, to the
.erson being interviewed.

During the war research =nd development of television equipment
1s such was virtuslly et a standstill, although the public television
rvice was mainteined in operation until well into 1943. As
Mlisclosed in the detailed reporis which follow, television technique
and equipment suitably modified, were spplied to war projects and fairly
.xtensive development work was carried on in this field.

It wes planned to include further details of some interesting
tems of equipment which were not aveilable for inspection 2% the time
‘{‘ the visite For this purpose copies of specifications and circult
Wiagrams were to be sent to the U.K., together with certein items of
squipment, but these have not been received prior to the completion of

'his Reporte.

.l



Te Ea De,
Allersberg Strasse,
Numberg.

Date of visit = 21.2.46,

This firm was originally engaged in the msnufacture of
telephone and television repeaters, public address and soundfilm
emplifiers, telephone and power cables (not concentric cables).
During the war they had manufactured redio receivers and valvea fo.
Telefunken. Research work was omg;l.nally carried out in Berlin am
was dispersed to Schwarzenbach near Hof in 1941, and all the equip
ment relat:.ng to television was, et the time of the visit, in
trensit to Nurnberg.

70 per cent of the factory wes stated to have been seriously
dangged by air bombardment. Inspection confirmed most extensive
demage. No gas supply was availsble and no work of an,y kind was 11
progress, except for the clearance of debris. -

The following persons were interviewed at this factory:~

Dr. Mex Muschweek (Director)
Dr. Theodor Baum Chief of Development}
Fraulein Riedner Secretery - interpreter)

Co-axial Repeater (TF,100).

This equipment wes described as a L-wire multi-channel repestc
covering the band 100-700 kc/s for use with co-axial ceble having :
channel bend=width of 300-3600 cycles, the channel spacing being
4000 cycles. The repeater stations were to be situsted 35 KM
aparte Bach repester was designed for 100-chsnnel operation, and
was used experimentally in connection with a frequency-modulated
centimetre redio link (point~to-point) and 30 equipments had been
manufactured. Crystal filters were not used. The signal-to-
noise ratic on the repeater was claimed to be 33 db with en outpu
voltage of (.75 volt to & 70 ohm cable.

Television Hepeater.

This equipment had been designed to the requirements of D.R.F
(Dr. Bannitz end Dr. Hertz). -An experimental link consisting of
three repeaters spaced 17 Km apart between Berlin end leipzig was

/used



‘used to trensmit the 44il-line television programme (single side-band)
Q'a 70 ohm co-axial cable., It was claimed that the experimenta

-3_

ere successful and no speciel difficulties were experienced. Thisa
‘installaticn was different from the previous Berlin~Leipzig service
which carried telephone=television at 200=-line definition on & band-
‘:’;—th of 1le3 = 2.5 Mo/se

~ The new television repeater was designed for use on the same
‘o-.-a:ﬂ'.al‘cable, the intention being to transmit both the 44l-line
kelevision signel and the 100-channel carrier simultaneouslye
However, no evidence was given of this having been accomplished.

The co-axial cable was supplied by Feldten and Guilleume of
“Cologne Mulheim. A semple of the cable hes been asked for.

The following are brief characteristics of the repeater:-

Band=width 1 - L4 Mc/s.
Gain 60 db .
Stages } pentodes (Siemens E2C, 10 ma/volt)
~ Input and Qutput cepacities of velves 8.5 - 10 picafarads.
Valve life 4000 hours. _ _
Frequency characteristic rising 5 db. over the band to
compensate for line cheracteristics
(effected by negative feed-back over the
k4 stages through a compensating network)
Qutput Trensformer coupling to line provided with
' third winding for voltage feed-back..
Anode resistances werewund on mica.
Each stage - resistance capecity coupled and
' inductively compensated -
resisteance value 700 = 800 ohm$.

The output transformer had a step-down ratio of 1000/70 ohms,
and was of shell-type construction. The leaminations were of
nickel iron 0.6 mme thick and were supplied by Herseus of Frankfort.
The outside dimensions of the assembled core was 42 mm. square.

“The output winding was wound first and consisted of copper strip

‘1 mme by Osl mme) with silk insulation. The anode Winding was

added next and the feed-back winding wes pleced on the outside.

Secmdarj Enisgion Valvess

Dr. Baum mentioned thet EE50 velves had been supplied by
Philips, but he had no knowledge or experience of eny further develop-
ment in Cermany of Secandary emission valves. He weg aware thet
.Dr. Weiss had been working with secondery emission multipliers, but

/only
N
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only as part of a photo=-electric system. Dr. Baum understood that
the thermionic multipliers fasiled owing to "noise".

Other Manufacturing Activities.

The following types of radio receiving valves were produced at
this factory during the war, as a daughter company of Telefunken:-

EF}. EF?, cF}, GF?, A:U-l-’ AIJ?, and AZl.

Pre-wer the firm had also shared in the development of the Ein
empfanger (cheap television receiver). Copper-oxide rectifiers fo
modulators in carrier telephony were also developed.

As the development equipment and records were at the time of
the visit in transit to Numberg, F.I.A.T. has been asked to obtain
and evacuate the following:-

1. Specification and circuit diagram of television
applifier. : '

2. A sample of the co-axial cable.
3« A sample output transformer.

_ 4e A sample E2C valve,

Pernseh and Blaupunkt,
Kapurziner Strasse 27,
Paufkichen. (VILS)
Nr- M‘miCho

Da_te of visit =- 28;2-}-1-60
The following persons were interviewed:-

Dr. Rolf Mdller.
Dr. Behne g Not at present with -

Dipl. Ing. F. Rudert Fernseh.
Dipl. Ing. Mulert.
Dipl. Inge Dillenburger.

Up tothe early part of 1940 the above group of workers (total
strength of personnel 850) were employed by Fernseh in Berlin on
Television worke All the television equipments produced were so0l
to D.R.P. for the Berlin snd Paris television stationse In 1340

' the
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the entire group was removed to Ubertennwsld, near Reichenberg,

" Czecho-Slovakia, and in April 1945 was brought to Taufkirchen. They
had been working on "Tonne I" end "Tonne II" and an a radar project
known as "Japgdschoss". The work was nominelly under the direction
of D.R.P. and included cameras, transmitters, and receivers.

Any epparatus which had remained in the Berlin Iaboratories had
since been removed by the Russians.

Col. French B.A.0.R. 20 W.T.S.F.F. was in contect with Fernseh
end had been informed by Dr. Mdller that some of the wcompleted
war-time developments should be further explored. At present the
group (now totalling only 35) were authorised to work on the repair
of radio receivers and thermionic valves.,

Television Cameras.

. Owing to the difficulty of obteining the quality of mica
necessary for storage elements, experiments had been conducted with
8 substitute m terial mede of quertz and megnesium oxide. The pro-
portion of quartz to magnesia was varied according to the leakage
required to give the correct time-constant. 4 special feature of
the production of this material was the use of a supersonic vibrator
for "breaking up®™ the particles. Lack of time precluded a detailed
investigation of this process but the following information was
obtaineds A quartz crystal 30 mm. in diameter and 10 mm. thick was
driven at a frequency of 300 Xc/s at a potential of 12 K.V. for a
period of several hours.

The signal plate was formed by evaporation of silver direct on to
the glass base of the tube and was coated with the insulating meterial
by settlement from a liquid (presumably relying on molecular
adhesion for permsnence). This also resulted in & simplified tube
‘congtruction. ' .

Another attempt to replace mica involved the use of finely
divided Aly03 (separeted in a centrifuge), and deposited on to an
aluminjum signal plate. These experiments were initiated ss an
insurance against the possible failure of the mica supply. So far
however, films produced by this method were not as good as those on
mica owing to irregulsrities of thickness resulting in a "patchy"
effect on a plain field, Incidentelly there was a difference of
%pinion between Dr. Mdller and Dr. Behne with regard to future
Possibilities of the methods described as an improvement upon mica.

/At
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At the beginning of the work on the minjature super-iconoscope
the definition was inferior to that of the normal full=-sized -
iconoscope, but, at the conclusion of the work the definition was
equal and the tubes reproduced adequately a 44l-line picture. In
order to determine ultimate definition the tube had been opersied

with 4000 volts on the scamning beam and the resultant smaller spot
- size Jave a definition of about 700 lines with somewhat improved
cantrast, and no appreciable loss of sensitivity.

The life of the production models of miniature super-iconoscope:
wss cleimed to be 300 to 400 hours under normal conditions, bul only
100 to 200 hours in bright sumlight owing to evaporation of caesium.

Tonne »

A system was developed for guided missiles employing &
television camers &nd radio link carried in the missile snd report-
ing back to & television receiver in a parent aircrafi. In the
initial work, use was made of the German standard 44l=line system
with B0 frames inter—leced. The system was found to give ebout
200~-line definition owing to the complication of interlacing wmder
the working conditions of the project.

Tonné I therefore used a 220~-line sequential scan with 50
frames per second, for simplification of the missile equipment ard
for economy of band-width.

For use in similer missiles e further system (Tonne II) was
developed employing & diagonal scan of 400 lines end 10 frames per
second, with further economy of size in the missile equipment.
Neither of these systems was considered cespable of giving resultas
comparable with those of normel broadcast practice, but they were
nevertheleass adequate for their militery purpose. : -

The method of synchronisation in Tonne I differs from that
employed in broadcast practice by the omission of freme synchrenisirc
pulses in the transmitted waveform - See Fige ls 4 block schematic
disgrem of this system is given in Fig. 2, showing the use of a
locked-in sine-wave oscillaiore

The advantage claimed for the use of this type of oscillator
ig greater stebility under conditions of severe and rapid fadinge.
Owing to the "fly-wheel® effect of such a system, it is less
affected by interference and omission of groups of synchronising.
pulses., The system requires memusl sdjustment of the "lines" and

/" frames”




"frameas™ at the receiving end.

Tonne II, employed two locked-in sinewave oacillators {frequen-
ciea 2000 end 2010) for synchronisation of the disgonal scenning.
The block achematic diagram is given in Fige. 3.

Simplification of the missile equipment was effected by the
omission of the dividing chain and large condensers rendered redwndant
by the sbsence of low-frequency scenning circuits. Manuel picture
adjustment is required as in the case of Tonne I. The system was
never put into operational use.

Cameras for Tonne.

The camera tube which wes developed for Tonne I was a miniaturised
super-icmoscope. Fige 4 = drawn from memory - shows details, and
a report on this tube with drewings giving full constructionsl details
and manufacturing process has been asked for.

_ During the final months of production 300 tubes per month were
being manufactured by semi-skilled labour (women) with & yield of
‘approximetely 200 completely satisfactory {ubes - i.e. tubes having
good definition and contrast, no spots, and non-microphonic. In the
initial menufacturing stages the “shrinkage" was 90 per cente

Mosaics of both caesium on silver end ceesium~entimony were used,
" the latter for bulk production.

Cathode~Ray Tubes for Tanne.

A cathode-ray tube, 16 cms. in dismeter and 30 cms. overall
length (approximstely) was used for Tcune I having a normal sprayed
white television screen, the powder being gupplied by Auer. This
tube operated at 6 K.V., the line=width (50 per cent. intensity
curve) was 1/300th of the picture height. ILater experimental tubes
were operated at 12 K.V. The only specisl features were those
réquired to reduce vibration effects. The tube had a neck of very
small diameter (18 mm. external, 14 mm. internal), and the modulator
was sealed in the glass of the neck. The tube was magnetically
focussed and deflected, and the line-scan coils were interesting in
that they were moulded in polystyrene.

E.H.T. for Receiver Unit (Tonne)_-

The 6000-volt supply for the cathode-rey tube is derived from
the flyback voltage of the line-scanning circuif. Three additional

- /windings
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windings on the line-scanning transformers are connecied to three
rectifiers (DH 6/5 ~ Fernseh), the outpute of which sre connected in
seriese The 6 KV supply is stebilised. . The hester power for
these rectifiers (100 mW per rectifier) is also supplied from this
transformer. '

Trensmitter and Receiver (Tonne I end II).

The focussing current for the cathode-ray tube in the
receiver is stabilised by a series barretter. In the case of the
inconoscope, where the requirement is more rigid, a gas discharge
tube is employed. TFor simplification in the missile equipment,
Fernach were experimenting with electrostatic deflection for the
iconoscope. A broken sample wes inspecteds The circuit and
description of the diode modulstor used for the transmitter are
given in Figs 5. ' '

Projection System.

Dr. MOoller was asked about the development situation in Germen)
cf large aperture optical systems for television projection. No
further projects had been initiated after 1939, but equipment which
wag aveilable at that time was used wntil 1943, particularly the
small projection receiver for enterteinment in hospitels.  He had
had little experience of the Schmigt system, but stated that he had
experimented with what was understood to be & mirror of small
dismeter, with a 5 cm. diameter target, working at f/1.0(p oi2meter

and came to the condlusj.on that the definition wes satisfactory for
441 lines over a field of from 6 - 10 degrees diameter, but
deteriorated rapidly beyond this field.

He had slso experimented with a Meksutov or Gebor type of
system made by Busch employing a spherical meniscus lens as & .
correction plate, from which We had obtained much the seme perform-
ance as from the Schmidte He had also tested a Busch Mengin mirror
with field lens and reported that chromstic¢ esberration was very
bad, 'This mirror was 40 cms. in diameter with a focal length of 6C
cms. end aperture £/1.5 to cover a target 3 cms. sg. S

The small projection receiver employed & Busch lens in conjumet
with a metal bese cathode-ray tube, which projected the imsge via. &
plane mirror on to a reflecting screem, as illustrated in Fig. 6. T
dimensions of the screen were 4O cme. by 50 cms, the surfece being
suitebly curved and inclined =o as to project the light horizontally
This screen was of glass bemnt to the required shape by heating in an
anealing oven and allowing to sag on to & carbomised wooden frame.
The front surface wes ground end the back surface was embossed with

/vertical
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vertical cylindrical lenticules and silvered. There were three
lenticules per picture element.

This screen gave a polar distribution of light which was
spproximately rectangular (80 degrees horizomtal by 20 degrees
vertical), the lenticules producing & divergence of 60 degrees. No
further work hdd been done in conneotion with cineme projection since
the last Berlin Exhibition (1939). :

Dr. Moller stated that no perceptable difference in contrast
ratio had been measured between the rounded and flat-ended
_projection tubes. He considered it far more importent that comsid-
. eration should be given to the efficient blacking of the flare of
- the tube, and stated that a change of from 20 to 10 per cent re=-
flection coefficient in this region gave noticeable improvement in
. contraets Riedel de Heen made & collodial grephite which was
superior %0 ordinary Aquadeg for this purpose. No work had been
carried out on projection cethode-ray tube screens with conducting
- £ilms, although these had been used in large dismeter radar tubes.
He mentioned that with powders deposited direct upon the glass no
. trouble had been experienced with screen charges even at a working
voltage of 15 KV.

Higher Definition.

' Dr. Moller gave no information on the 729~line system which he
was reported to have been developing in 1539, but stated that he had
produced a picture of 1029 Jines using a trsnsparency with a
Farnsworth dissector with specielly designed and edjusted deflecting
coil. A photogreph of the resulting picture was exsmined and was
considered sufficiently interesting to warrant the removal of a
specimen negative to enable an enlarged print to be made. The
print in gquestion accompanies this report. The definition in this:
 exemple, was thought oy Dre Moller to be limited by the photogrephic

procésses. Dr. Moller also referred to the Telefwnken experiments
With 2000~line scsnning with csthode-ray tubes (See Telefunken
" 0.I.0.S. Report No. XXXIT/95). (See also Page !§ of this report.}

One mewber of this group, Dr. Frenselau, cleims to have
succeeded in making thin film diesphragms (50 mme sq. and 0,005 mm.
- thick) pierced with 1600 holes per sq. mm., the purpose of which
vas wmspecified. (For further deteils see Page3d of this

report)
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Deutsche Re:::.chs;:u::.t.d:,v
Aech,
Nr. Singen.

Date of Visit = L.3e1946.

This laboretory was established at Aach in 1943, having been
dispersed from Berlin, and there was originelly employed a staff of
70 to 75, only sbout 30 of whom now remained. Work is now confined
to the manufacture of school laboratory spparstus snd studio equip-
ment for the radio broadeasting station at Baden-Beden. The organ=-
isation is shortly to be moved to Rastett, and the staff will
probably be incressed to about 50, depending upon policy in regerd
to Germen reconstruction. The laboratory appeared tc be fairly
well equipped. . :

During the war the group - wnder Dr. Weiss = has' worked on the
following projects:=-

l. Television, including wide-band amplifiers, secondary-
emission multipliers, snd the establishmwent and
maintenance of the hospital service in Berlin.

2. "Naxos", a sesrch receiver for use on submerines to
detect enemy radar {ransmission. :

3« Radar, including aerials and feeders, also copies of
Apericen 9 c.m. and 3 c.m, magnetrons and klystrons.

4o Testing and trial of "Tonne".

The following persms were interviewed,
Dr. Georg Weiss = Chief of the Leboratory.
Dr. Gossel - Deputy to Dr. ngss.

Dr. Heme.n Weber.

Capt. Munsch of the French Marine Naticnale was present tnrough-
out the discussion.

Berlin Hospitel Television Service (Transmitter).

The Berlin trensmitter at Witzleben was opersted wntil it wes
destroyed by bombing in 194 end supplied a six-hour progremme
daily =~ 1% hours of which wes "live" programme - for entertainment
of troops in hospital. A totel of 25 cemerses (including cne :
super-icanoscope) and 3 pairs of film scammers were available,

together with 2 vans for outside televising.
: /Studio
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Studio illumination was normally 1500 to 2000 lux with ameximum
of 4000, The super-iconoscope had been found t0 be five tires more
sensitive than the normal iconoscope, and on outside broadcasts had
been operated on 180 lux with 10 per cent noise level.

Of the film scanners, one pair were Mechau projectors using
iconoscopes. Additional constent illumination was used to reduce
"$ilt" and "bend". This combination gave best results when
‘specially printed light-density films (¥'= 1.3 to 1.5) were available.
The other film scanners were two of the Ernemenn system (presumably the

~ double-prism apparatus previously described in'“‘Fernsehhausmitteilungen®
(4pril 1939) supplied by Femseh A.G., and two Mechau projectors with
cathode~ray tube scanning. The scanning tubes were made by
Telefunken with calcium silicate screens, the after—glow being
corrected by a three-section electrical filter. The meximum attain=
able frequency with CRT scanning was 2.4 Mc/s.

The larger O.B. van snd the installation at the Deutschlandhaus
Wwere provided with synchronising pulse generators, the synchronising
signal being carried on separate cables. Tests had been mede on
0.B. using a system in which the synchronising pulses for camera
scanning were picked wp by radio from the main transmitter by means
of a receiver in the van. A variable delay for the synchronising
pulses was included in the ven equipment to allow for propogation
time. This was effected by means of a sine waveform.

Owing to lack of line facilities the programme was, on occasion,
transmitted back to Witzleben via & 76 cm. radio link over' distances
wp to 3 Km. thence by ceble on 4.2 Mo/s. carrier using the lower side-
bend for & further distance of wp to 4 Em. to the mein trensmitter.
Wheni these arrengements were in use the modulation was restricted +to
between 10 znd 30 per cent but quality waes stated to have been very
good, The bend-width of 2ll the video apparatus extended to 3 Mc/s,
but this was limited for carrier working with vision and sowmd to a
vision besnd width of 2.2 }Mc/s.

In addition to the normal broadecast transmitter,co~axial cables
were provided for connection to certein centres. The programe wes
trensmitted on a carvier frequency of 4.2 Mc/s (lower side-band only)e.
This wes the standard I.F. for receivers and could be fed direct to

- their I.F. amplifiers. Repeaters built by Siemens were used where
necessary with compensation for cable characteristics. From these
centres connection was sometimes provided to other groups of
recejivers over normal 600 ohm telephone circuits; provision being
mede for compensation every 1.7 Km. of approximately 30/1 over the
bends In ane particylar case, a large cinema equipped with

o ' ' /projecticn
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projection spparatus, the signal was supplied by co-axial cable at a
carrier frequency of 8.4 Mc/s. :

Berlin Hospital Television Service Recelvers.

When production of receivers was stopped in 1940, approximately
600 Einheits—empfanger were in service and about 1000 other sets of
eerlier propriefary designs. Details of the Einheits-empfanger and
manufacturing errangements have been described in "Telegraphen -
Fernsprech « Funk und Fernseh Technik® Vol, 28 July 1939, (A full
report by Dr. Graupner (Blaupunkt) is given at Appendix B.)
Berlin Hospital Service Projection Apparatus.

In order to provide entertainment for the meximum number of
troops several centres in Berlin were fitted with projection equip-
ments The following informetion was obtained relative to four types
of projectors employed. . o

1. The largest cinems (in Turmstrasse) with 800 seats was
equipped with the Femseh appiratus first shown at the -
Punksusstellung in 1938. The special Fernseh directional
lenticular screen measuring 5 metres by 4 meirea was '
installed here.

The projection tube had a water-cooled metal-based
screen, approximately 10 ocms by 10 cms, with a finsl
anode potential of 80 KV. Dr. Weiss thought the
pesk beam current was asbout 20 m.a. The anly part of
this spparetus now remeining is the E.H.T. rectifier
wnit which was seen at Aach.

2, A smeller cinems with seating capacity for 300, was
provided with a 2.5 by 2 metre screen (probably
Telefunken) formed by bending & glass sheet 8 m.m.
thick to & spherical surface of about 10 metres
radius. The glass was silvered on the back snd no
treatment other than slight grinding of the front
surface seems to have been attempted, but this
apperently geve no improvement in results. Approx-
imately 10 to 12 lux wes measured incident on the
screen snd the image as seen by the spectators was
stated to be about 1/10th of the brightness of a
normel cinema picture. ~ These spectators wére
accommodated in a particulsr section of the cinema
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where the image wes smatizfactory.

As the picture was not visible from the projector,
remote control was provided for the operator who
occupied & position amongst the spectators.

The optical system and general arrangement of the
cinema are shown in Figs 7« The projection lens

wes an Astro £/0.9 consisting of 4 dioptric elements.
The tube image measured 10 cms., by 10 cms. on a flat=
ended glass base as in normal practice, and in colour
wes yellow {o yellow-green. The final snode voltage
was 60 to 80 K.V. and the peak beam current about 1 mea.
The normal life of the tube was of the order of 400
hours, but extremes were 10 hours in many cases, and
as much as 1,000 hours in one case. Ion spot appeared
after about 400 hourse The tube neck was 30 mme. in
dismpeter and both scanning end focussing were dcne
magnetically. (See footnote)

The scan generstors employed the Famsworth
circuit with four special E.L.12 wvalves, with top
cap anodes, for each direction. It wea claimed that
no "sticking" was observed in the phosphor at 80 K.V.
although no conducting layer was provided. The tubes
were developed by Dr. Diels of Telefunken, believed to
be at present in Hanover, aud the powders were produced

by the same firm at Mex Sirssse, Berlin.

The next smaller size of projector was msde by Fernseh
and employed & directional reflecting screen 1 metre
square with a horizontal angle of 50 degrees and
verticel angle of 20 degrees. This screen consisted
of a flexible sheet of {ransparent material, l.5 m.m.
thick backed by white linen and embossed an the front
surface with horizontal cylindrical lenticules, thres
per picture line. Small glass "pearls" were embedded
in the screen material, several of them in the height
of each lentioule. The cost of this screen weg
estimated by Dr. Weiss to be about S800RM. §R25. sterling)
when not in use the screen could be rolled up.

NOTE:~= Dr., Weber was most insistent that the best
results were obtained with & polished glass
surface. In view of this the invest-
igators were at a loss to understand the
system.

/The



-M_-

The projection cethode-ray tube {operating at 20 K.V.)}
had an optically flat window and the fluorescent

powder was carried upon 2 metal plate (electron

optics similar to iconoscope)., The terget measured

8 cms« by 8 cmse Projection wes via & dioptric lens
developed by Dr. Zschau of Fernseh. The illumination
incident upon the screen was from 4 to 5 luxe. The :
projector had been designed by Drs. Schubert and Schunach.

4o - Another small type of projection set was used in Berlin.
This employed & ground~glass translucent screen but:
results were not completely satisfactory, owing to
"flare spot". The cathode-ray tube target measured
5 cms by 5 cms, and the tube opersted 2t from 20 to
30 K.V.

1029-line Television System.

Some experimental work was carried out early in the war on a
1029~1ine system, but was stopped at an early stage, as it had no
direct militery application of sufficient importance. Dr. Weias
wes of the opinion that dirsctly-viewed cathode-ray tubes were, in
generel, good enough to deal satisfactorily with 1000-line definition
but that better focus was required on the essociated iponoscopes than
that normally obtained. ‘The main problem, however, was the loss in
sensitivity of the camera. Because of this, 10,000 lux was required
in the studio to produce results similer to those obtained on &
4h1=line system with only 2,000 lux in the studio, & normsl type of
iconoscope being in use in both cases. ILittle work had been done
in Germeny on orthicon development but the Compagnie des Compteurs
in Paris had done scme work on these tubes wnder the direction of
D.R.P. Some tests had been made using & direct connection from the
"iconoscope to the viewing tube and employing an amplifier having a
band-width. of 20 Mc/s. with Telefunken EL2 tubes. An amplifier-
with a band-width of 40 Mc/s. has been built (by Dr. Dillenburger of
Femseh) for testing the spot size of iconoscopes. Type AF.100
Telefunken tubes were used in this emplifier and are said %o have a
slope of ebout 12 mA. per volt, end to be similar to the E.F.14 ,
tubese A gain of 1.8 times per stage was obteined using & two-sectior
Wheeler cowpling circuit (dead-end filter). The amplifier consisted
of 12 stages and gave en overall gain of 60 db. .

Dr. Wunderlich of D.R.P, hed also made some wide~band emplifiers
using IV.1 Telefunken tubes. (No further information wee available
8s Dr. Wunderlich was temporarily sbsent at Innsburg).

/Note
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NOTE:~ Further information relative to the 1029-line
project is contained in the report on. Fernseh
at Taufkirchen on Page 9 .

Facesindle Trensmisaion.

Dr. Weiss referred to a project developed by Telefunken for
fecsimile trensmission of telegrams in which the image was scenned
and transmitted once only - presumebly for reasons of secrecy.

In the preliminary apparatus the image was scanned by 2,000
lines and the complete transmission occurred in 1 second. In the
second spparatus, 441 lines were used and the transmission time was
1/25 second.

It was understood that cathode-ray tube scanning was employed
in the trensmitter and that the receiving record wes produced by
photographing the receiving cathode-ray tube end using a rapid
developing process, which was completed in 7 secondse

Photo=electric Multiplier Cell (Weiss Type)s

This was & ceesium=-on=silver oxide photo-electric cell having
16 electrodes, and giving 14 stages of secondary multiplication by
mesns of permeable grids on the Weiss principle. The cell was
intended for use on & light-operated proximity~fused projectile,

The special feature of this cell was the mechanical construction
designed for rapid and accurate production. (See Fig. 8.) The
electrodes were welded in the centre of copper discs which were
assembled in Jigs with soda-gless rings placed beiween each pair of
electrodes. By heating the complete assembly. the glass fused - tha
copper, resulting in a glass—-copper seal. The heating was dme i
2 gas-heated oven to within a few degrees of fusion point, end tho
final operation was performed by high-frequency heatinge The
percentage of satisfactory sesls produced by this method wes clsaimed
to be very high.

Caesium vapour was passed into the multiplier from the anode
end during the sensitising process and passed forward through the
grids. The first grid (i.e. that farthest from the anode) became

- the photo-sensitive surface. The cell operated at 100V per stage
with a total gain of 100,000, the maximum output being %0 ma. It
wes intended to make multipliers with silver-magnesium alloy grids
(3 4o 5 per cent mg;iesiumg.

i
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Demonstration of Toune.

According to Dr. Weiss, the 4Ll-line system was never employed
for Tonne owing to difficulties of interlaced scanning. The
diagonsl scanning system never got beyond the laboratory stage at
Fernseh and many difficulties were an'bn.clpated by Dr. Weiga.

The alignmént of “the missile equipment with the parent receiver
in Tonne I was effected, before the release of the missile, by means
of & small circle on the iconoscope moseic which was centred on. the
receiver cathode-ray tube by coantrols which operated, in the ase of
the line scan, by phage shift of the aynchrcma_smg aipgnal and in the
freme scan by interruption et some point in the divider cha:m, wntil
the frame attained the correct positicn.

A The @erat:.on of a cemplete Tonre I equipment was demonsirated;
the-video connectien enly being employed, but including the Tonne
synchronising system. -

The subject was & picture of a girl's heed, about 9 inches
square, at a distance of about 6 ft. from the head of the projectile,
(1.8 the front lens of the camers), the illumination being provided
by a 500-watt lamp with reflector placed about 8 ft away from the
sub ject. The stenderd Tonne lens used {(f/3.5).

The picture was' very steady and phese adjustment appeared to bhe
easy. Contrast on the receiver tube was good, and the focus
capsble of dealing with at least twice the number of lines used.
Definitien along the line was estimated to be equivelent to 300-line

quality.

It was explained that vertical scemning was preferred since the .
sub ject usually consisted of a horizontally divided field, half white:
snd half dsrk, (i.e. the sky and sea divided by the line of the
horizon). By scanning vertically the low-frequency content of the
transmitted waveform was kept low with consequmt avoidance of large
componente in the amplifier.

Bildwandler with Multiplier.

Dr. Weiss referred to development work in ccmnect:.on with
_intensifymg the imege of the Bildwendler tube by the assembly of a
‘series of permeable-grid electrodes between the photo-electric
cathode and the fluorescent screen.

The spacing and voltages between the electrodes influenced the
degree of definition obteinable snd Dr. Weiss stated that in the

/working
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working models only 30-line definition resulted when five steges
were used. It was not found possiuvle to improve upon this for
higher definition although strong magnetic fields had been applied

to reduce the "circle of canfusion'. The quality wes then changed

only slightly anéd the presence of the coil was a disadventege.

The'gauze used had a ‘mesh of 10,000 per square ¢.m., the
diameter of the wire being equal to that of the aperture. Attempts

- were made to pierce holes in silver foil but this proved too

difficult to warrent continuatione.

Thermionic Multipiiers.

The development of thermionic multipliers was stopped at the
beginning of the D.R.P. war programme. The last tubes made had a
slope of 100 mA. per volt and were intended for 20 Mc/s amplifiers.

Dr. Weiss had made (and exhibited) a voltage-controlled multipl=
ier with silver-magnesium alloy electrodes from which & secondary
gain of 5O per stage at 500 volts was claimed. The life of this
multiplier was more then 1,000 hourse The high sensitivity was-
obtained by heating the electrodes of pure silver-megnesium alloy
(3.5 per cent Mg.) in vacuo, and allowing the magesium tocome to the
surface without oxidisation. This was described in "Fortschritte der
Naturwissenscheften" in 1939, (Mach difficulty hed been experienced
in obtaining a satisfectory Mlife"™ and it was essential to outgas the

 whole tube with extreme thoroughness).

' Gas-discharge tubes were used as potential dividers for the
multiplying stages with separate gas~discharge tubes ‘o cantrol the
bies on the first grid. These multipliers were stable up to an out-
put of 40 m.A. Stabilisation of the control grid by means of a high
resistence in the cathode circuit proved satisfactory.

Image Storage Device.

The development had been carried out, under Dr. Krawinkel at
Peschagen Laboratory, of an imege storage device for use on submarines
for recording enemy radar trensmissions, so that the information
could be observed for some time after reception.

The device was understood to consist of a tube conteining two
soreens and two electron guns. The first screen - the storage
screen - consisted of a mica plete having a wmifomm photo-electric

/tilm,
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film, in which were embedded & large number of smail particles of
insulating meterial (e.g. qusrtz). The second screen was the norms
fluorescent viewing screen., The two screens were arranged in a
systém similar to that of an image converter, with the viewing scree
about 1000V positive to the storage screen.

The storage screen was initially scanned by one of the electran
beams which was modulated in accordance with the incoming signal.
After the requisite number of scans the beam was switched off leavin
the insulated particles negatively charged « according to the
modulation information. It wes stated thst this charged image woul
remain for as long as 30 minutes. :

When it was desired to observe the image the photo-electric
surface was irradiated - presumebly by uniform infra-red radiation.
The photo electrons thus released from the storage screen were then
focussed on to the viewing screen and produced a fluorescent imege,
The charges on the insulated particles produced local suppression of
the photo emission in varying degrees according to their retasined
charges, and therefore contirolled the brightness over the picture
area,

The second beam of electrons - having a velocity different from
those in the modulated beem - was used to neutralise the charges on
the insulated particles thus eliminating the original imege,

Fig. Y shows the general asrrengement of the image storage
device and is based upon the description obtained from Dr. Weisa.
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Blaupunkt, Forckenbeck Sirasse,
Berlin, Wilmersdorf.

Date of visit = 13.3.1946.

In general, the work carried out by this firm, both before and
during the war, Was the manu.facture of apparatus designed elsewhere,
together with the pre-production development work necessary in most
ceses. In 1939 they were engaged in production of the Einheita -

. expfanger (the German stendard Television Receiver) All work in

- connection with television was atOpped early in 1940, except for

114

‘ ‘menufacture of the camers wmit for "Tonne® (referred to elsewhere in

‘this report), which was carried out at a dispersal site at Reichenberg

~ in Czechoslovakia (Nri Fernseh A.G. et Obertannwald). Ing. Weiland

was in charge of this work in aseociation with Dr. Graupner (both of
whom were interviewed), but none of their other television engineers

~ had been contacted since the Russian oocupation, end they were

thought t0 be working for the Russisns. An attempt had been made

- {0 evacuate equipment from Reichemberg to Salzwedel in 1945, but the
‘equipment had all been lost in transite At present the firm hes

. approximately 500 employees, engaged upon the production of a chesp

- Radio Receiver, Blectric Cooker, and Electric Heir Waver., The

" following persons were interviewed at this factory:=-

Dr. Gullner = Director.
Dr. G-raupner = In charge of pre-production.
Ing. Weiland = Chief of development.

and the deteils given below wére fumished by them.

Wide=Band Amplifiers for “Korful,

This firm manufactured parts for "Korfu" during the wer. The

. project appeared of some television intereat because of the Wide-

Band J.F¥. Amplifiers, but the only aveilable details of these
Amplifiers were as follows:=

Overall band-width ees 10 Mo/s

Mean frequency ees 45 Me/s

Gain per stage vse 10 db

Valves eaployed- +se Philips EFF.50

If these figures are accurate, the perfomance appears to be
rather POOT .

/Note.
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NOTE:= The EFF.50 is & double-pentode push-pull valve
equivalent to two EF.50 valves. According to
Dr. Zickermann of Telefunken, the yield in the
manufacture of these valves was only 15%, the
valves being manufactured by Velve in Hamburg.

Einhei ts=empfanger,

The following information was furmished relative to the
production of these equipments, by Blaupunkt.

(2) The production programme provided for 5,000 sets,
but only about 150 sets were actually made.

(b) ‘The sdvertised price of Rm.650 wes not related
to actual production costs. Dr. Graupner
estimated that each set could not be produced
for sale =t less than Rm.1000.

(c) The design was not sufficiently stabilised
before production begen; e.g. the design of the
focus and deflection coils changed meny times.

(@) Speciel individual adjustment in the laboratory
was necessary to realise the perfommence claimed.

The general impression geined was that production had been
rushede Dr. Graupner considered that the fundamentel design was
sound and that a further six months spent upon its development
would have ensbled production difficulties to be overcome.

NOTE:= A techmical description of the Cathode~Ray
Tube and other parts of this equipment had
been prepared by Dr. Graupner at the requeat
of the Russian suthorities. A translation
of this report, with copies of original
drawings, is included at Appendix B.

Television Aerisals.

In reply to enguiries concerning serials for television recep
ion Dre. GlUliner said he thought thet only & few of the Telefunken
1939 "Flagepole" type of aerial had been msde. (For technical
details see "Telegraphen Femspech-funk und Fernsecktechnich" July
1939 and "Telefunken Hausmitteilungen" July 1939).

The performance of this seriel wes seid to be superior

/to.
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to that of other types, particularly in the matter of interference
suppression.

lorenz,
Lorenzweg 1,
Berlin, Tempelhof.

Date of Visit - 11-}-.3.‘{-6.

Prior to the war this firm had been engaged on the developrent
of several television projection systems employing screens of
different sizes. (ne experimental instalilation had been set up in
2 cinema in the Reichskanslerplatz, but was subsequently destroyed
by Allied air asction.

The fim's premises in Lorenzweg-Tempelhof were also seriously
damaged end any television equipment which remained on hand hed since
been removed by the Russians. Stocks of raw materials were not
actually examined but the quantity involved is understocd to be
quite smell. Dr. Walter Schnabel, Engineer, originally in charge
of television development,was interviewed. the discussion being con-
fined almost entirely to the topic of projection type epparatus., NoO
work had been done on this subject since the beginning of the war,
Dr. Schnabel having been engaged on Radar work during the war periode

Television Projection Screena.

 The largest screen described by Dr. Schnabel had en area of
10 sq. metres, and consisted of sn assembly of a large number of giass
plates, each 5 cms. sg. cemented to a plywood form to produce a
cancave spherical surface. Each plate was from 5 to 8 m.me thick
snd was embossed on the front surface with toridel lenticules, having
2 major axis of 2 m.ms The back surface was silvered and the con-
struction gave a2 wide horizontal and narrow vertical distribution of
light, It had been proposed to grind snd polish the rear surface of
edch plate before silvering, but the surface finish as the plate came
from the mould eppeared to give satisfactory resulis. The piates
were additionally secured to their cement backing by four wires.
which pessed through holes moulded in the corners of the plates, znd
initial sdjustment of the position of the plates was dome by hand
before the cement set, the complete screen being laid horizontally
on the ground during this process. The mirror was i?lum:‘.nated |
(presumebly from a point source), end the relative brighwmess of the
individual plates wes.judged by an observer situated at a2 suitsble
distamoe sbove the screemn. Hecause of the small size of the

I
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plates no trouble had been experienced from buckling during their
moulding.

Cathode-Ray Projection Tube,

The Cathode=Rey tube employed with the screen just described
was of thedamountable type, operasting at 80 KV. with beam currents
of to 2 mA, A rotateble metal screen, water-cooled, was used,
a 10%°C rise of temperature of the cooling water being permiasible.
The body of the Cathode-Ray tube was made of Aluminium. '

The primary picture size was 9 cmse by 11 cms, and a total ou
put of from 200 to 250 ‘Heffner candles was obtained, the tube life:
being of the order of 100 hours. '

An interesting point which emerged wss that, although an ion
spot appesred on the tube, it did not cause any trouble because of
the high penetrative power of elsctrons under an 80 KV. sccelerati

An X-Ray intensity level of 10™D Roentgens was measured adjac
to the tube and screens of lead glass were provided for the pro-
tection of the operstor.  The cathode employed was of the plein
Tungsten Hairpin. type and was replaceable as a complete wnit with
the moduletor electrode. The signal voltage required for full mo
ulation wzs approximetely 200 volts. The tube was opereted with
the screen gromded. - The I.F. signal was fed through high=-voltag
condensers and the rectifier and video amplifier were at a potenti

of 80 KV. to ground,

The projection lens used was the Astro dioptric objective of
aperture £/l.4. ' ‘

Small Screen Pro;jection.

Asecond system was described by Dr. Schnabel, giving a
picture 1 metre square, intended for domestic use and employin
& straight-through type of Cathode-Ray tube with the fluoreseent
screen deposited direct on the glass. This, however, had been
found to give trouble owing to screen charges and the expedient of
depositing a transparent silver film upon the glass before applyin
the fluorescent coating had not resulted in much improvement. ,

Projection wes by means of & Busch "spiegeloptik""of aperture
£/1 and 30-35 cms in diesmeter. _
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This device comprised a speciel back=-silvered mirror togefher.
with & dloptric system of several components, one of which was 'wrung'
o to the optically flat end of the ocathode-ray tube (See Fig. 10).

. The back-eilvered surface of the mirror was plane, or virtually
" plane, and the front surface was of aspherical form. The

" pathematiocal deaign of this system had been worked out by HemxrFlugge,
" and the system developed by Dr. Naumann for aatronomical work in
"1936/7. . It had been first adapted for ielevision in 1938.

NOTE:- Dr. Schnsbel thought that & full descrigtion of
o - the system was likely to be found only in the
Patent literature.

A further projection receiver was described, having a built~in
. viewing screen hinged to form a 1lid for the receiver snd employing a
" pipe-shaped cathode~ray tube with lens projection via a mirror.
. The sngle between the planes of the tube screem, mirror, snd viewing
_ screen were chosen s0 &8s to provide optical correction of the
keystone distortion produced in the tube.

The Cathode-Ray tube was elecirostaticelly focused eand scanned,
as it was found that coils necessary for magnetic operation were too
- large snd obstructed the light in trensit from the mirror, past the
tube, to the screen. As large scanning voltages could not be
" produced economically, the tube snode woltage was limited to 12 K.V.
A msximum beam current of 0.5 mA wag used which geve a light output
of from 10 to 15 Heffner cendles from a primary picture area of
36 sq. cms., With a2 screen temperature of from 60° to 80°C, end &
useful life of from 25 to 30 hours. The tubes were usually rendered
‘ugeless owing to electron burn, replacement being effected when the
loss exceeded 20 per cent. A translucent ground-gless viewing screen
was initially provided in this type of receiver. Owing to the dis~
advantages involved, the use of this system was discontinued, ard the
pipe-shaped Cathode-Ray tube (operating &t 25 KV.), in cmjunciion
With a dioptric lens, was substituted. (See Fig. 11.).
Dr. Sclmsbel was masble to give details of any of the phosphors
used as these were supplied o him imder Auer or other trade reference.
The glass-work of the tubes was of 'gsoft' glass, and had been made by
. Osrem Glssgworks at Weisswasser. The fluorescent screen was
depogited on a copper emd-plate. '

RectengulareEnded Tubes.

Before the war Lorenz had haed some experience in the p:oduction

/of
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of the rectangularwended tube used in the Einheitsempfangers The
principal source of the glasswork for these was the Osram works at
Weisswasser, although several other glassworks were able t¢ supply .
thems Lead glauss was used and the mein difficulty hsad been the
Jointing of the neck of the tube to the rectangular end. It had
been found impossible to remove the strain comnletely at this point;
and the percentage of rejected tubes was high, but no actual

figure was givene The tubes were accepted after & pressure test
ziving & differential pressure of ouly one atmosphere - i.e. the
working coadition.

Physikalisches Iustitut,
Bunsen Stresse,
Gottingen.

Date ol Visit - U.ju 40.
The work undertalen et these piremises has been = and still is <
relatec cntirely {o instructionsl and academic research work carried
out in well-ecuioped Jaboratories. The premises have not suffered
SNy Var dardic€.
The following persons were interviewed:-—
Professor R.d¥. Pohi,
N .
Dre. ttockmaan,
Diple Inge F. Mayer.

ana the foilowing information was obtained fron then.

_ t
Screens for 'Bildwandler' ‘ubez.

The process of producing wiform and firmly sdhereat screens of
zinc Oxide on gless for use ir the 'Eildwandler! (inage) tubes Wes
discussed with Dr. StUckienn. This has already heen <sscribed Ly
previous investigetors (3.1.0.5. Heport X{Xi-2} but adaitional infor
ration was oblzined. It was siated that the resoclution of the
screen Was 1 micron, the screen thickuess veing 10=20 nderons.
Dr. Stockmarn coniirmed & statement by von Ardenne thet fine
resnlution could be o teined with large grain size - even with a
cnystalu measuring 1 nine Zinc powder wes evaporated and burnt in
an oxidising flame and deposited upon a heated glass plate so that
a thin film wes produced strongly sdherent to the glass.

' /The
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The eificiency of the screen was stated to have been 70% of the
best “inc Sulphide Screen, but no figures were availsble with regard
to the sbsolute efficiency, the experiments having been conducted
gquite without regard %o any practical reguirements for fluorescent
powders, tinis aspect of the matter evidentally being considered to
be guite outside the field of the research in question.

NOTE: - The efficiency figvre of 70% - quoted above = is
not in agreement with the figure reported by the
previous investigators which wes only 20%.

A second method of producing Zinc oxide films (0.1 micron
thick) wes described in which & zinc mirror-like surface was formed
on & glass olate by evaporation in vecuo and subsequent oxidisation
in a combustion tube. The resultent tube showed fluorescence equal
t0 that of the *burner' screens. The thin screen however, had the
disadventage that electrons with velocities higner then 10 XV.
dissipeted much of their energy in the class.

~ On the practical question of after-giow time for iinc Qxide
films produced gy the two methods described above, a figure of
10~4# sec. (?107° sec.) wes nuoteds Dr. Stockmann had not measured
 %his time~consient himself but guoted this figure as given by

Dr. Schlede in Berlin.

The life of the éinc_oxide screen was claimed to exceed that
of the zinc sulphide screen.

The crystals of zinc oxide contain some free metallic zine
which evasporates during life until eventually there is no fluores-
cence. Pure zinc oxide has e white body colour; with free zinc
present the colour becomes yellowishe  The work carried out in the
laboratory was concerned with the electrical conductivity of the
screen. There were possibilities of changing conductivity by the
- following meanss=

(i) The addition of more metailic Zinc in the Oxide..
(zinc Oxide alome has zero canductivity)

(ii) By irrediation with light, preferably with & weve=
length’pf the order of 4050 =~ 4350 A.U.
Dr. Stockmsnn was working to find a reletion
between photo-conductivity snd fluorescence but,
so far, without successe. He had ascertained,
however, that at 3660 A.U. the screen fluorescence
was good while at 4050 = 4350 A.U., the fluorescence
had deteriorated but the photo-conductiviiy hed
. increased. ' .
/(iii)
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(iii) By electronic bombardment of the film. This
- has the effect of increasing by some 10,000

times the conductivity of e zino oxide film
which originally was of poor conductivitye
The treatment does not affect the fluorescence.
If this treatment is carried out in & good
vacuum the electrical conductivity remaina for
a cameiderasble time after bombardment = of the
order of minutes. The photo-conductivity is
alse increaged by bombardment.

Asked for an indication of the order of loading for the
electronic bombardment Dr. Stockmann guoted & figure of 10 mA. on
1 8q. cme 8%t 5 = 7 K¥e The improvement in conductivity is propor—
ticnate to time up to 10 to 20 seconds, after which & saturation
effect sets in. Conductivity of a sinc oxide film 1 micron thick
and 1 om. sq. measured with a potential of 100V spplied between -
opposite sides was 10~7 who at 10~> empere. Additionel to the
increase in conducktivity produced by electronic bombardment, a
further increase may be sbtained by illumination but this persists
anly for a short time after the illuminetion is removed,

Dre St'ckmsnn had no definite ideass as to the possibility of
using these effects to provide & new type of photo-electric cell,
Reseaich work on the chances of phote conductivity in alkeli halides
wes carried out in the laboratory for some years prior to the war
(R.’U. Pohl, Proce. Phy. Soc. 193r§o . '

~ The interview with Dr. Stockmann was followed by & genersl
discussion on the subject with Professor Pchl, who confirmed that
_the work of the Institute was purely scademic, and had no immediate
practical application %o televisions Pressed on the question of
reducing the time—constent of zinc oxide films, he guggested that
this might be effected by the introduction of free Oxygen held in
minute cavities in the fluorescent crystals, which would tend to
sccelerste the decey of after—-glew. .

Profeasor Pohl also stated thet he had found the time-constant
of decay ®f colouration produced in potessium bromide corystals
wmder bombardment ('skiatron'), hed been reduced by the inclusion
of @ small percentege of potassium ydride which also increased the
depth of colourstion (Proc: Phy: Soc: 1937).
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Copies of reprints (in German) of three technicel articles were
obtained from Professor Pohl. These have been read and are
summarised below.

"Uber die Ausscheldung von Gasen in Alkslihalogenidkristallen™

"The Separation of Gases in Crystals of Alkali~
h.alide_éi by K. MOllWO-

The paper describes experiments in which KBr crystals
containing & small admixture of KNO, are heated in an
atmosphere of Br vapour of 60 to 700 1bs./Sq.in. to a
tenperature of 650° C. As the Br diffuses into the
erystals small cubic gas bubbles of NOBr are formed
according to the reaction formula

2 KN02 + Br2 = F;N03 + XBr + NOBr.
The size and distribution of these bubbles is studied
as a function of the Br-pressure and the durstion of

the heating process.

Some photographs of light reflections and refractions
in the bubbles (called "hollow crystals") are given.

™achrichten aus der Physik, Astronomie, Geophysik, Technik"
“her die Natur der U=Zentren in Alkslihslogenidkrisztellen"

*The Nature of the U=-centres in crystals of d¢he Alkali-
hahdes" by Re. Hilsch and R.W. Pohl.

The paper describes expériments which prove that these
centreas are molecules of Alkali-Hydride. For example
a K=-Br crystal showing the U-band of absorption is
characterised by the fact that some of the Br-ions have
been repleced by H-ions.

"Eine neue lLichtabsorption in Alkalihalogenidkristallen®

"A New Absorpiion Band in Alkali~halide Crystals®
by R. Hilsch &nd R.W. Pohl. (1833)

In addition to the well~known absorption band in the
visible renge (called the F-bend) & new band in the

/far
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far UV iu described in this paper. Both bands are
produced by the entry of electrons into the crystal
lat¥ice. They are intercounected, i.e., they can be
transformed into each otherj the U=-band into the
F=band by absorption of light of a wavelength near
the maximum of the U-band, and the reverse trang=-
formation by heat treatment. In the latter case
emissicn of blue violet light takes place.

These phentmena are considered important in connection
with the problems of: . '

Phosphorescence
latent image in photography
Fhotoeiectric conduection in crystals.
A =mall sample zinc oxide screen was obtained from

Dr. Stéckmenn and has been tested by Cinema Television Lté.,
(Sydenham) in a demountable cathode-ray tube. It gave very poor

fluorescence in comparison with zZinc oxide produced normally. There

may have been-a deterioration owing to the sample having been open
to the air for so long after preparation. In any event the results
were very feeble and certainly not equal to those indicated in the
discussion. :

Technische Hochschule,
* High=Frequenoy Departiment,
Braumschweig.

Date of visit = 18.3.1946.
* Person Interviewed, Dr. lambert.

This target had already been investigated by Cdr. Retsey and
F/Lt. Absom representing G.I.0.S., C.A.F.T.l. The cbject of the
present visit wes to discuss in grester detall the experiments o
wide~band antennse carried out by Dr. Lembert, since it was feld
thatthe designs might have sowme television application.

The work was initially undertaken in connection with a
directional serial for F.M.B. (& search receiver for collecting

/information
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information on enemy redar)and was later aspplied {0 the design of an
. ‘omidirectional aerial for a similer purpose on submerines. It was
" intended to cover the band from 120 to 150. cms. wavelength.

Method of lMeasurement.

The work was confined to the measurement of aerial impedance over
~ the renge of frequency required, since the radiation patterns were not
- in any case likely to be senaitive to frequency change.

The aeriel was connected to an open balsnced transmission line
and the real and imaginery components of impedance calculated from
stending-wave measurements. This procedure was later discarded as
insufficiently accurate in favour of a resonance method very similsr
to that of Essen. (See Jourmsl I.E.E. Part III, June 1944)., The
aerials were spaced about one quarter wavelength from a reflector
plate which also served to shield the measuring epparatus and the
observer. To aveid interference from surrounding bo8ies the whole
spparatus was located on the roof of the laboratory building. The
balenced to wmbalanced connection from the signal generator to trans-
"mission line was effected with a gquarter-wave sleeve. This required
-careful adjustment every time the frequency was chenged and made the
nmeasurements extremely slow and laborious.

Results.r

The experiments were conducted over a Jong period and resulted
in a considerable collection of detailed information on the
characteristics of wide=band serials of many types.

It was claimed that appreciable control of bandwidth could be
obtained only by use of the voltage-fed type of aerial. The work
had therefore been devoted entirely to this type with the ol ject oo
reducing the feeding point impedasnce at resonance to the minimum
value, and hence increaging the bandwidth to a maximmm,.:

; A study had been made of the effect of length-to-diameter ratio
on the bandwidth of fat cylindrical sntennae consisting of two half-
‘wave elementis centre fed, Cylinder diaueters up to 8 cm. had been
used giving a resistive component at rescnence of about 300 to

400 ohms. The cylinders were then replaced by flat sheets{having
their major dimensions in the plane of the dipole major axis)of
various shapes since the arrangement hes some advantage in mechanical
construction, particularly in nmulti-element arrays. Best results

/were



~30=

!

were obtained with circuler discs for which a bandwidth of L 10% was
obtained for a 10% change in the real compmment of impedance. It
was then found that an epprecisble sectian of the disc could be cut
away with only a smell effect an performsnce. This left a ribbon-
shaped aerial of which each half had a length of about three times
the width. ‘The resistance et resanance was about 300 ohms. '

Dr. lambert was familiar with the methods of reectance compen=
sation end had tried & section of line snunted across the serial
terminals for this purpose. In general the method was found to !
give an improvement in response over a limited freguency range but :
did not admit apprecisble extension of the bandwidth.

Some experiments had been directed to the design of a wideband
aerial having omidirectional radiation in the pleane of polarisatiaon.
The ribbon aerial, however, was found to lose most of its advantages
when bent romd to form a cirele in order to give such a radiation
pattern. Thus bending it to forms a "U* incressed the resistence to
about one thousand ohms and reduced the bandwidth considerably.
Further bending to form & circle geve still further increase of _
rescnant resistance and decrease of bendwidth. The arrangement was,
however, the beat that could be obtained at thet time and an aerial
of this type had been fitted to submarines.

lster experiments used a8 form of Alford loop with flat radiators,
which oonsisted of two flat dipoles disposed so that the radieting
elements of each formed the opposite sides of a square. Both dipoles
were fed et & point correspanding to the ends of ocme of the disgonals
of the square. The best arrengement of this kind gave a 25% chenge
in resistance for ¥ 10% frequency band, end had a polsr disgrep in
the plene of the square thet wes very nesrly circular (within = 5#%)
at rescnance and did not depart very appreciebly from this over the
frequency band. (See Fig. 12.), '

Telefunken,
Nicholasbergersweg 55
Glttingen. -

Date of vigit - 19"3.1"60

These premises are used merely as & Telefwmken foice in G'éttingm
There are no factory premises snd no production or practicael work is
carried ocut there,

/The
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The obJject of the visit was to interview Dr. Diels who had made
cathode-ray tubes at Telefunken prior to the war. Dr. Diels, however,
- was not availsble =nd the following personnel were interviewed instead.

Drs K. Muller,
" Dre Theile and
Herr W. Herm.

Projection Systema.

The latest type of projection tube used by Telefunken consisted
of a normal flat~faced cathode-ray tube with fluorescent screen on
gless operated at a potential of 50 KV., the image being projected
by & lens on to & directional screen 2 metres sguesre. The screen
was built up of a number of elements, each 10 cma. sq. which were
coated with slightly erumpled tin foil, end each element was sub=
sequently adjusted to its correct angular position.,

No ectunl figures were available to indicate performsnce or
efficiency, but Dr. Theile said the results were very good with a
L4l=line picture. He also stated that, in the opinion of Telefunken,
mirror projection systems were not good enough, the reason given
being that, in their experiemnce, small projection tubes as used with
mirrors could not give the definition of larger tubes with a lens
optical system = presumably owing to tube limitations.

Dr. Theile knew of no experiments having been msde in the
Telefunken Laboratory with high power screen-an-~metal tubes or with
Diavisor systems, although he knew of the Swiss. projection system
using the dchlieren effect.

In reply to sn enquiry as to the possibilities of recent develon=
ments of the zinc oxide soreen for cathode~ray tube scemnning, it wa-
stated that this had been used on 4il-line transmission - as described
in Telefunken Hausmitteilungem 1938. The screén had an after-glow
time constent of 1 microsecond end required three correction circuitse
It was also stated that Prof. Kerélus had developed an 800-line system
using cathode-ray tube scanning, in which he had modulated the cathode-
ray beam so as to produce & carrier frequency for the photo-cell
response and thus reduced the effect of afterwglow.
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Fernseh and Blaupunki,
Trilkewerke,
Hildesheim,
Nr. Hanover.

Date of wvisit - 19-3:191-!-60

The Trilkewerke factory is situsted about 2 mile from Hildesheim,
end had previously been opersted by the Bosch Company for the
production of motor accessories = magnetos, larps, eic.

The building had not suffered any damage by sir attack.

The group of engineers at the factory ere from Fermseh and
Blaupunkt,and heve been collected by Lt. Col. French (of 20 WISFF
at Bad Oeynhausen), who arranged the visit and accompanied the
present investigators.

The object of the visit was to discuss experiments carried out
by Fernseh A.G. between 1940 and 1945 on mosaics for iconoscopes,
supericonoscopes, end orthicons. It was learned thet the group had
not been concerned with development of camers tubes for eny specific
military applications. Work on tubes for "Tonne" projects was
cerried out at Obertannwald, and is referred to elsewhere in this
report {See Page & ). ‘

The following persconnel were interviewed at this factory:-

Dr. Goerz. Dr. ¥lechsig.
Dr. Frensalaue Fraulein Simon.

Of particular interest is Dr. Flechsig's work on orthicons,
which started in 1944. Fraulein Simon was responsible for a
special geometrical mosaic intended to increase the sensitivity of"
these tubes.

Iconoscope Mosaics.

The method employed by Fernseh in the prepsration of mosaics .
for normal iconoscopes was, in general, similar %0 British practice,
but differed in some details. The processes adopted are as
follows:= '

(8) 4 thin coutinuous film of silver (rather less than
1 micron thick) was evaporated on to a selected
mica sheet or plate.
| /(b)
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(b) The plate was then heated to approximately 400°C
for a few seconds to form the elements of the mosaic.
It was stated that neither the temperature nor the
time of "baking" were at all critical, the size of
the particles being controlled almost entirely by
the thickness of the initisl deposit. The lower
limit of size was determined by the requirement of
sufficient materiel to pérmit oxidisation of '

. photo=sensitisation in subsequent processes. The
wpper limit was determined by the failure of the
silver to seperate into discrete particles which
resulted in a "patchy" mosaic.. The maXximum mean
diemeter of the particles was 3 to 4 microns.

(¢) oOxidisation and subsequent sensitisetion with
caesium. During this process a potential of 1,000V
wes applied between a ring electrode in front of
the moseic and the internsl grephite coating of the
bulb. (Apparently this was intended to ensure a
uniform condensationj. Caesium was evaporated on

' to the mosaic in a number of stages, the photo-
sensitivity being measured at each stage. This
made the process lengthy, owing to the necessity
of cooling before each measurement, buit it ensured
optimum sensitisation of each mosaice. '

Normel iconoscope moseics for 44il=-line operation measured
approximately 100 mm. by 860 mm. with nearly the whole of this area
operative. The number of perticles per picture point was stated
to be sbout 70. The sensitivity of the mosaic was 30 micro-amps
per lumen for the sensitised sreas snd 10 micro-smps per lumen

- overall (since only sbout 30 per cent of the totel area wes
covered by the silver particles).

Supericonoscopes.

The design of supericonoscopes was not discussed in detail,
but sppeared to be on the lines of nommal British practice. It
was stated that an electron optical magnification of 5 to 1 in
area was usual, and the light loss in transmission through the
photo=cathode was given as about 50 per cent.

" Orthicon Moseics.

o Work upon orthicons was begun about mid 1944, end some satis-
‘ factory tubes were produced by the Spring of 1945. Contact had

been meintained with the Comagnie des Competeurs in Peris, and

1 Dr--Flechsié was familiar with the work of Bartholemy. /T
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In preparing mosaics by the usual method of silver aggregation i
a considerable loss in sensitivity - owing to back illumination - :
was observed. About 50 per cent loss of light occurred in trans-
mission through the signal plate formed by a thin leyer of nickel
on the mica plate,

A more gerious loss, however, wags due to the opacity of the
silver elements of the mosaic, since only the sides of each globule
were then illuminated by light trensmitted through the plate. A
difference of 10 to 1 was measured in the photo=sensitivity by
front and back illumination.

It was observed during the preparation of the plate that when
only a small amount of caesium had been condensed, the sensitivity
was greater for back illuminetion than for direct illumination of
the mosaic, but in this condition the sensitivity was in esny case
low, and therefore not of practical value. Dr. Flechsig thought _
that this effect might be due to the initial condensstion of caesium .
occurring more readily at points on the edges of the silver globules.:

Experimente with this type of orthicen showed the sensitivity
to0 be only about half that of the super-iconoscope in use ai the
time, with & similar figure for signal-to-noise ratio.

In view of the loss of sensitivity with this type of mosaic, -‘
an atterpt was made to prepare & plate with transparent photo-
sensitive elements and to reduce the insulating space between !
elements so that a greater proportion of the totel area was photo=
sensitised. T

This was done by fixing & fine-mesh grid of copper to the
surface of the mica plate end condensing silver on to the mica
through this grid. The grid was then removed, leaving & mosaic
consisting of small squares of silver arranged in a geometrical
pattern. By avoidance of heat treatment in the formetion of the
mosaic, the thickness of the silver elements could be controlled s0
as to render them transparente. 3

The fine-mesh copper grid was prepared as follows:- i

(a) A sheet of glass Was silvered on one side to a
thickness sufficient to render it opague.

(b) The silvered surface wss covered with horizontal
and vertical lines (20 lines per mm.) the width
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of each line being about 4 micronse This was done
by mesns of a ruling machine provided with a
diemond point, care being taken to ensure that the
Biiver was removed without scratching the surface
of the glass. (Ruled plates were supplied to

. Fernseh by Albert Sass & C0.).

(¢) The ruled plate was used es a negetive to print
direct on to a copper foil approximately 5 microns
thick, and covered with photographic emulsion.

(8) 'The copper foil print was then developed by a

' process which dissolved the unmexposed areas leaving
a fine net qQf emulsion on the surface of the copper
foil.

7 leaving a grid structure of the required dimensions.

For a mosaic measuring 8 by 10 cms., & grid of 400 squares per
aquare millimeter allows four elements per line in a 44l-line system.
At least 4 elements per line were considered necessary in the mosaic
%o obtain the reguired definition, and Dr. Flechsig thought that
this number would avoid eny "interference shading” effect which might
have occurred owing to lack of accurecy in alignment of the scanning .
with the elements of the mosaic. No such effects had been observed,
and with a mossic providing 50 elements per picture point (development
of Which was in hend) it waa thought thet this effect would be

I entirely negligible. -

I (e) The copper foil was etched with a2 suiteble sgent,

Work an the geometrical mosaic was still in the experimental
stage, but some plates had been constructed and found to give
almost equal photowsensitivity with either froni or back illuminaiion.
Further specimens had been sent to Dr. Behne at Obertannwald.

_ The chief difficulties in manufacture were stated to be as
I followa:-
(a) Non~-wniform vamishing in the photographic process,
' : resulting in a patchy mosaice
(b) D.iffioulty‘in supporting the copper grid on the mica
plate during the process of silver deposition. The

grid was stretched in a frame end pressed against the
fece of the miea, but it was found difficult to
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meintain good contact over the whole surface.
Deposition of silver under the wires of the mesh
resulted in interconnection of the elements of the
mosaic which caused marks to appear in the
televigion plctu.re.

Orthicon Deaign.

(1)

(1)

General. The methods of scanning and focussing
employed had been similer to American practice.
Electron velocities were somewhat greater however
at 100 to 150V. Operation in the orthicon regime
was generally satisfactory at the higher potential,
but was found to be dependent upon the iilumination
level. Thus, if sufficient primary photo-electiroms
are emitted, the mosaic becomes sufficiently '
positive to cause secondary emission when scammed
by the electron beam. Dr. Flechsig described the
formation of a "patch" where the mosaic lapsed into
iconoscopé behaviour. It had not been fownd
possible to operste the ortnicon satisfactorily at
the lower electron velocities of 20 to 30V quoted
in American literature owing to the instebility of
the system in this region. The limit of voltsge
in the upward direction was gbout 150V end was
determined by secondary emission and the change to -
iconoscope vperation.

Stripe and Spot. TUnder conditions of no illumination
certain irregularities were observed in the signal.
derived from the orthicon. Two vertical white
stripes close 1o and symmetrical about the centre of
the picture were found to be caused by reflection of -
electrons from the mica supporis of the gun at the
back of the tubes The beam electrons from the mica
are normuelly collected by electrodes on either side
of the gun assembly. By extending these elecirodes
to form a screen to cover the mica supports, the
defect could be completely removed. This effect had
been observed in orthicons made both by Fernseh snd
Bartholemy. In both cases it had been remove& by
the means described above. -

There remeined & merk in the centre of the screen
which was thought to be due to reflection of returmed
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electrons falling in the hole in the Wehnelt electrode
through which the primery beam cwrrent pssses. This
defect was corrected by placing a small collector, at
a suitable potential, in front of the hole. With
these precautions, it had been found possible to
produce an immeculate field.

(iii) Electron Multiplicstion. An atiempt hed been made
: to increase sensitivity by replacing the collector
electrode by a grid structure used as en auxiliary
. cathode. This was found to give rise to "shading" of.
- the picture owing to variation of sensitivity of the
- auxiliary cathode across its surface.

. An altemative proposal to overcome this {rouble
js shown in the accompanying diegrem (Figure 13).
The electron beam is subjected initially to a constant
megnetic deflection, end is then mede to scen the
mosajic in the normal menner. Returning electroms .
retrece their original path up to the point "B", and
are then deflected away from the gun end enter the
secondary emission multiplier system. An experimental
system on these lines, using s multiplier of the Weiss
multigrid type, had been constructed but had not been
tried when the work was stopped st the end of
hostilities.

_ Purther practical informetion in regard to the methods of
menufacture of these special camera tubes can be obtained mly by
actual cbservation during production. This, of course, was im-
possible as no production is in hend et presente



Some interesting features of the Cathode=-Ray
Tube for the German Stendard Television
Receiver (Einheitsempfanger), being a precis
of the report Das Bildrchr des E 1, by
Drs_Graupner of Blaupunkt-Werke,

The tube is an all=magnetic tube of roughly rectanguler shepe,
of ebout 300 mm. diagonal, 396 mm. overall length, 35 mm. neck
dismeter, and 800 mm. radius of curveture for the face. (1t
is stated that the increase in production cost - about 75% =
over a circular bulb, is practically made up for by a great
reduction in rejects), =

The anode contact is on the neck near the caps This i
position of the anode contact limits the possible anode voltage
rather severely, Voltages higher then & KV. leed to brushing

and breakdowns inside the neck.

The electrode system is an ordinary triode with the graphi te
coating acting as anode. A normel pinch is used in preference
to & button base, mainly to provide space for the getter.

Cherecteristics of the gun system; out-off voltage minus 39 to
winus 60 voltss Length of base: maximm voltege necessary to
produce 166 micro-smps besm current to be 36 volte. Alignment:
the deviation of the un-focused beam from the mechanical centre
of the tube to be not more then 1 degree.

The operating tempersture of the cathode seems frenarkably high
at 950 degrees centigrade. The tubular cathode carrier is

5 mme long and 2 mm, in diemeter. The filement date are 4
volts and 0.8 ampe The diameter of the aperture in the '
modulator is ©.8.mm.

Iife. The life of the tube is a minimum of 1,060 hours at
150 micro=amps beam current.

Screen.. The screen is applied by "settling". It consists
of a mixture of two powders, an orsnge zinc-cedium sulpnide,
and & blue zinc sulphide, which produces a white with a slight
sepia tint. The efficiency of the screen is aspproximately 5
candles per watt in the light parts of the picture. A '
contragt of 1:49 to 1:50 is obtainsble, '
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Ton spote This cen be avoided by very good vacuum, thet is,
extreme cleanliness and conscientiousness in the making of the
tube, and by choosing specially prepared powders. Iarge
betches of powders are pre~tested for their sengitivity to
ion damage,.

Mowmting of the tubes To remove danger to the observer by an
occasionsl implosion, the conicel pert of the tube is covered
throughout with "sticky tepe". The screen is held in a freme

with & plate of safety glass which also serves as a masks The

neck of the tube protudes sbout 50 mm. through the back of the
cabirI.Ett
NOTE: From a conversation with Blaupunkt engineers it was

wnderstood that & pressure of only 1 atmosphere was
applied to the bulbs and that a high percentage collapsede



Appendix Bo(1)

REPORT OGN THE EINHEITSEMPFANGER FROM DR. m.

THE STANDARD TELEVISIGN RECEIVER E.le

The standard television receiver E.l. was developed for receptio;;
of trensmission using the German television wave-form of 1939, The
character of this wave~form is fully shown in Fig.l.

The receiver is a superheterodyne for & carrier frequency of
47.8 ¥Mc/8e, with cathode-ray tube and 15 valves of waich four are
diodese There are gseparate vision and somd I.F., amplifiers with a
common oscillatore The vision channel uses double-side-band
operation and requires & minimum signal of 230 microvolts at the aeria;
terminals,Fig.3 shows a block schematic of the receiver and Fige 4 &
conplete circuit diagram,

, The epparetus comprises the following main parts which are
described in greater detail below, _
ia; Antenna.

- (b R.F. Amplifier and Frequency Changere.

Vision Amplifier. (I.F.)

Video Amplifier.

Synchronisation Separator.

Line~Scan Generator.

Frame=Scan Generator.

Cathode=Rey Tube.

Sound Receiver.

Power Supplies.

e ol PR I =T 2

(e) Antenna.

Various special types of aerial were developed to give maximum
sensitivity end freedom from interference. The aerials designed by
Telefunken end Pernseh are both of the resonant type. The former is
fully described in "telegrephen-Fernsprech ~ Funk and Fernseh Technik®,
Vol, 28, July 1939. ©Fige 5 shows the principle of operation of this
type of eseriasl, It consists of a vertical guarter-wave element fed
from & concentric line with horizontel quarter-wave elementis intended:
to reduce the waves an the outer of the feeder. These stubs are
tuned with inductance and sre sufficiently effective to prevent the
cable influencing the radistion disgrem. The performence is further
improved in this respect by the use of a quarter-wave sleeve.

The antenna developed by Fernseh consists of a resonant element
and reflector end hes no provisiocn for balancing. :
| (b)
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(b) R.P. Amplifier end Mixer,

The aerial plug and socke{ are designed with an impedance of 130
ohms (the cable impedsnce) to minimise reflections at this pointe
The R.F. amplifier and frequency changer are fixed tuned and built in
a small wnit which plugs in the receiver and can be replaced if
operation is desired on some other carrier frequency. The coils in
this wmit are adjusted by iron cores and no cepaclitance is added to
the circuits other than thet of the valves and wiring. The gain ¢o
the grid of thé mixer valve is 30 times for vision and 15 times for
sounde : '

; As already explained the R.P. emplifier and frequency changer
are common to both sound and visione

(0) Vision I.P. liﬁer.

Separation of sound and vision is effected in the anode circuit
of the mixer stage. 'The local oscillator frequency is 39+4 Mc/s.
s0 thet the intermediate frequancies are 8. Mc/s for vision and 5.6
Mo/s for sounds PFige 6 shows response curves of the sound and vision
spplifiers, both of which use E.F. 14 velves. The flat response for
the wision amplifier is obtained with two overcoupled band-pass
circuits with peaks at a seperastion of 4 Mo/s., and one single demped
circuit with a drop of 50% st ¥ 2 Mo/se The response curve of the
“wision I.F. applifier is shown in Fig. 7. An absorption circuit is
cannected in the second bend-pess filter for more efficlent rejection
of the sound frequencye

As in the R.P. stage the tuning capscities are provided by ths
velves and wiring and tuning is effected by iron-dust cores. The
stage gein veries from 14 times to 20 times end the goin is controlled
by variation of the cathode potential of the first valves A.V.C. is
not provided.

() Yideo Amplifiers

The detector is required to have a low value of losd am account
of shunting cepacitance and the high modulation frequencye A diode
' of 1low internsl impedence, the EZ.1l is therefore used, connected for
negative outpute. There is direct cannection to the grid of the
videoy emplifier and direct connection from its anode to the modulator
elecirode of the cathode-ray tube, D.Ce. restoration is not therefors
necesssrys

S /(e)
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(e) Synchronisstion Seperaticns

the synchronisation separator is fed from the cathode resistor of
the videc amplifier valve where the synchronising pulses appear in
positive sense. Separation ocours in the grid circuit of a high-slope
pentode EF.1; which is normelly biassed %0 a low value of anode curremt,
and is fully loeded by 3 volts of synchromising pulses The grid of
the synchronisation s:parator valve is fed through & condenser so that
the bias is independent of the mean current in the video amplifier
valve and the aignals supplied to the saw=tooth generators remain -
congtant under all circumstences.

Separation of line and frame pulses is effected by two transformers
cannected in series in the snode circuite The secondary windings
serve to invert the pulses since positive input is required to syn=
chronise the saw-tooth generstors. The line-pulse transformer
differentiates the pulses to separate line synchromising from frame
synchromising, snd the frewe pulse transformer is connected to an
integrating circuit in which the frame pulse builds up to greater
amplitude than the line pulse. Separation of the frame pulse is then

effected in the saw=tooth generator itself by suitable bies on the
synchronising gride.

(£) Line-Scan Generatore

The line scan is generated in a trensformer-coupled relaxation
oscillstor using a special valve the ES.lll. The deflector colils are
fed direct from the oscillator circuit. The first two grids of the -
ES.111 form part of the oscillator circuit and the thid is uged for

synchronisation. The pulses developed during fly-back sre stepped

up by & special winding on the oscillator trensformer ané used to :
suply 6,000 volis to the cathode-rey tube after rectification in a
special diode R¥G.5. The heater of the high-voltage rectifier i_s also
supplied from the oscillator transformer. The advantages of this
method of E.H.T. generstion are:- _

(1) Only amall condensers are necesssry in smoothing
since the frequency is high.

(11) sSaving of & specisl high~voliage transformer.

The chief difficulty is high-voltage insulation of the linew-scan
transformer. A re-development of this transformer appears %o be

necessaryes

(g) Prame-Scen _Generstor.

fhe cirouit of the freme=scan generator is similer in principle
/to



to that of the line scan. However, the trensformer irons are formed
into a U-sheped yoke. The arms of the yoke enclose the neck of the
tube and are provided with pole shoes between which is the deflection
 field (Fig. 10). Specisl shaping of the pole pieces is necessary to
compensate for distortion of the raster consequent on the large .
" deflection angle end the flat face of the tube, An ES.1ll is used
ag oacillator in the frame-scén generator.

(b) The Cathode=Ray Tubee

The picture tube has a wide angle of flare and an alwost flat
rectangular screen. (Pigs 1l)s The picture sigze is 225 x 195
millimeterse Magnetic focussing is used snd magnetic deflection in
both directions. The tube therefore contains no electrodes other
than the cathode, modulating cylinder, and anodes The cantrol
electrode is cannected directly to the video amplifiers The focus
ocoil is fed with direct current which mey be adjusted for minimum
gpot size. The brightness is controldd by verying the cathode
‘potential with a potentiometer cannected to the H.T. supply for the
receiver. The tube requires 30 volis at the grid for full modulation
from bleck to white =~ i.e. 45 volts total voltage including the
synchronisation level.

(i) sownd Amplifiers

The sound emplifier consists of two L.F. stages, diode detector,
and output velve. (See Figek)e A total of three single-tuned
circuits sre included in the I.F. anplifier efter the mixer valve.
they are tuned by iron-dust cores. The band-width is relatively
large (150 Ko/s half bend-width) since the local oscillator is fixed
- tuned.

The first 1.F. valve isfvariable-mu pentode (EF.11) of which the
eathode potentisl is variable as a volume control. The detector is
an EBF.1]l and is condensor coupled to the grid of the output valve
ELll. The tone control is connected at the grid of this valve, and
the metching transformer in its anode circuit feeds & moving-coil
speakers .

(k) - Power Supplies.

 fThe power wnit is divided into two parts in order to sllow the
 vision secticn of the receiver 4o be switched off for sound trens-
mission without the accompanying picture. The first rectifier unit
supplies the R.F. and frequency chenger, the sound smplifier, and the
loudspeskers 'The second unit supplies the cethode-ray tube and all
remaining valves with the exception of the first valve of the vision
I.F, amplifier which is fed from the first umit. /e




m&iil.

The mmin switch for the whole apparatus is on the sound volume
cantrol, and a second switch on the vision gpin cantrol emables the
vision section to be switched an or off separately.

The receiver hes a flat face with horisontally adjecent cpenings -
for the picture and loud _gpeeker. The wholsspparatus is built on one
chassis %o facilitate a favourable disposition of the leads between th,'
various parta. : g

However, the cathode-ray twbe, deflection system, and focussing
coil form a sw=~asgenbly that may be adjusted and tested out of the
gete ’

The receiver is a table model with sliding door to cover the
picture opening whem not in uses Four controls on the front allow _
adjustment of somd volume, focus, brighiness, snd viaion gein. Tme
control is edjusted from the becks In the centre of the frant pamel
is 8 small indicator lamp to show when the set is switched on or off. |

Blawpwmkt - Werke. G.M.B.H. |

Berlin, 29th March, 1946.

_ - e arendis are not -reproduced and
ifote:~ Figures referred to in this appendix are not re ed and
reference mist be made to them in- ther OFIgiyp. - German . TePOry:

e
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APPENDIX C.
PP 1 - 12,

Development of Infra=-rea-sensitive
Photo=-gsemi—conductors,

Candensed trenslation extracted from a report
prepared by A.E.G, Neustedt (Mr. Coburg) at
the request of U.S. Air Technical Intelligence.

Ordinary vacuum photocells are sensitive only wp to 1.3 {ﬁ .
Above this conductive cells must be used and lead sulphide, lead
selenide and lead telluride are especially suiteble. Coblentz showed
lmg ago that natural lead sulphide was photoconduotive, and Reynolds(2)
Hauser and Biesalski (3), Smith (4), Beutel and Kutzelnigg (5), and
others showed that lead sulphide could be deposited as s mirror on to
glass by a wet process, Tiede showed in & Patent (D.R.P.566304,1930)

- thet such lsyers oould be made photo sensitive and shortly afterwards
it was shown that photo sensitive layers could be formed by distille
ation using high-vacuum methods csees

- Decided progress was made by AJE.Ge in the discovery that pure
lead sulphide, whether with excess lead or excess sulphur exhibited
practically no photoelectric effect until oxygen was taken up.

The discovery of oxygen-activation and of the smphoteric nsture
- of the normal conductivity of leed sulphide pointed the way to the
production of highly-sensitive photo-semi~conductors. 4s is explained
later in more detail, both the stoichiometrical verieiians and the
additional oxygen content led to the formation of "disturbance centres"
from which electrons end "defective® electrons could be seperated out
by thermal and photoelectric selection.

The concentration of "disturbance centres" is very loWeecso SC
*far no optical difference has been detected between active and
inactive PbS layers. Recent researches on the boundry layers
Sccurring at the Jjmetion of metal and semi-conductor, which allow
dedugtions to be mde as to the camcentration within the semi-conductor,
show & concentration of about 1017 atoms per cubic centimetre.

/The

Js Emerson~Reynolds, J.Chem. Soc. Iondon 45, 162, 1884.
‘Hauser & Biesalski, Chem.Z. 34, 1079, 1910

H.L. Smith, J.Scient.Instr.4, 115, 1527

Beutel & Kutzelpig., Z.F. elektrochem. 36, 523, 1930.
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The cantent in excess or deficient Sulphur is established
directly by the method of msnufacture. In contrest to the more _
recently developed viewpoint there iz a general inclination to strive -
after the attainment of as great as possible & “stoichiometrical ’
sharpness®. '

The introduction of the oxygen into the lead sulphide (which is
inactive per se) cam be carried out by two different methoda:

(1) subsequent treatment of inactive lead sudphide in
an atmosphere of oxygen at temperatures of the
order of 500°C.

(2) Direct imsertion of the oxygen during the
manufacture of the iead sulphide.

With the distillation method the activities with oxygen can be
effected in an cbvious way, whether it is & question of distilling
lead sulphide or its componentis in an atmosphere containing oxygen,
or of simulteneous evaporation of lead oxide and lead sulphide.

The behaviour with the wet process is far more obscure. At
present peak results are obteined in individual cases as well as in
batches. Since highest pensitivities were required this method of
mer:ufacture wes adopteds From this work sn extensive knowledge has
been obtazined and the wey has been paved to systematic procedure.

Physical Chemical Fundamentals.

The mechanism of reaction in the production of photoelectric
PbS by the wet process is hitherte incompletely explsined. Generally
it proceeds from solutions of plumbites (i.e. solutions of lead compound
in excess alkali hydroxides) which are made to react with thiocarbamide.
Pormulations hitherto suggesied, sccording to which plumbite molecules
of the form Na2(Pb (GH)4) or Na (Pb(CH)3) react with thiocarbamide
according Yo the equation.

- 2
Ne [le(OH)E +sc<N312____>, PbsS + cg; + NaOH

[ere
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are far from the truth. Extensive work in the sphere of the
 solubility of lead hydrates - rendered difficult by the exireordinarily
slow movements to equilibrium points = have led, through the researches
of Randall and Spencer(3) end Gertett, Valenga and Fontana(4), to the
“result that the sbovementioned molecules are entirely absent from
plurbite solutions. According to these workers, alkeli plumbite
solutians contain the main part of the lead as plumbite ions of the
form

HPbO,,

apart from & very small amount of dissolved lead oxide or leed hydrate
corresponding to

Po0(S) g2 Pb0(aq).

From the experiments it may be deduced that the alkali plumbite
is slmost entirely dissociated up to a concentration of 1 molflitre,
But, as Fig.la shows, the rate of separating out increases with
jncreasing alkali content despite constent lead content. (It should
be present in all alksli concentrations as plumbite ions)s Further-
more, the rete of separation varies with different kinds of alkali.
This wmexpected behaviour led to exhaustive experiments on the
influence of acetete ions, which were introduced into the plurbite
solution together with the lead ions in the form of lead ecetote.
Tests showed that thers can be no doubt that

(1) +the solubility of lesd hydrate in alkalis is
" considerably increased by the presence of acetate
ions. .

(2) 8 certain content in acetate ions is ebsolutely
essential to the formation of a dense lead-sulphide
Ml rrore.

The above results seem to show that a basic lead acetate,
possibly of the form CH3COO(OH)Pb cen exist well into the alkaline
region and is broken down only with increasing alkeli content. With

/the

(3) Rendall & Spencer, J.Am. Chem.Soc. 50, 1572, 1928,
(4) Gesrett, Valenga & Fontana. "™ " 61, 307, 1939«



-l

the existence of the sbovenemed basic molecule an equilibrium could
be summed up in the form

HPb 0, + CHy CO0” + H Og¥CH3COO(CH)Fb e 20H

However, the existence of a basic acetete is, on the other hend,
discomted by Dossmarm and Eich of the firm of Kast and Ehinger (in
repor’t dated 2802045, Page 1’-!-0):: . :

Actually the complicated reaction mechenism of Fig la cannot be
completely explained with reference to the results Jjust mentioned.
The fact that the curves for the different alkalil hydroxides do not
cross - although accordidy to Randell and Gerrett, and collaborators,
with high cancentrations anly the plumbite ion HPb0, should be present -
is very difficult to explain without assuming specific elkali
combinations. 4

The date at which the PbS separates out 2t a given temperature is
by no mesns determined solely by the chemical conditions of the reaction
partners. Of primery importence are the following: '

1. Chemical Impuritiea.

Pig.1b shows the effect of impurities in the lithium hydroxide.
The effectiwess of these foreign bodies is especially merked at the
first moment of separation as the nuclei are being formed......thus
cupric ions can lead 1o complete suppression of homogeneous nuclei
formation (Se.e mgolda)o ’

2. The condition of growth of the deposited layer.

It is of cutstending importance to the further growth of the layer
and to the size and type of crystsllite (end hence to the entire
electrical and photo=electrical behaviour of the completed layer)
whether the initially deposited layer cansists of quite fresh nuclei or
of nuclei which have been growing for a short time., In other words
whether the foundation of the layer came into contact with the reaction
solution at the moment at which the reaction began or a few seconds
afterwards. In this comnection researches show thet the precipitated
layer does not grow solely by taking up moleculerly dispersed PoS from
the solution, but essentially by cepturing already-formed PbS nuclei.

3, Acceleration forces in the solution.
The initiaily formed PbS nuclei have a strong tendency to form

/larger
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larger secondary particles by coagulations..... The sk@ller
particles which may be moving under gravitational or centrifugal
forces drag along with them crystallite which happens to lie in their
paths, thus forming larger particles. These orthokinetic
¢oagulation phenomena are closely related to the dependence of the
layer on the depth of immersion of the foundation in the solution,
the veloclty of agitation, etc. with constent temperature and

- conmposition.

With chemical conditions mainteined constant, the reaction rate
depends on the temperature and is shown in Fig.le., the reletionship
being in agreement with the theory of Arrheniusessses

While the chemistry of the fundamental reaction of the formation
of lead sulphide in elkeline plumbite solutions is fraught with a
series of doubtful points, this is even more true of the stoichiometric
variations and of the insertion of oxygen already mentioned at the out-
set, owing to the inaccessibility, from the point of view of chemicel
analysis, of the small gquentities which come into questicn.

As a result of researches the following points can be
established:~

i. Stoichometric variations occur with the wet process exclusively

on the side of excess sulphur. It is believed that the
presence of excess sulphur is & necessary condition for the
insertion of photoelectrically effective oxygen. 0f course,
the excess sulphur must be obtained by breakdown of the
thioccarbamide molecule. The comnsequent energy expenditure
can, if necessary, be drawn from the gain in energy when the
pulphur is inserted into the PbS lattice <+eS ~p3 )

(Pbs

2. THithertd colleidal lead hydreste has been primarily held
responsible for the insertion of oxygen-besring "disturbance
centres'. This idea led to the conception that very good results
could doubtless be obtained with solutions having & high
content in lead hydroxide suspensions and colloids. Researches
show, however, that it is above all a questicn of e certein
content in molecularly dispersed lead oxide. From considerations
of equilibrium, plumbite solutions must always contain moleculer
Pb0. In the presence of a lead hydrate base the content assumes,
oan thermodynamical grounds s & Fixed value dependent only upon
the teuperature.

PoOex Hp0 (S)aZ—=2 Fb (2q).

/Values
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Values of concentration of dissolve_eE FbO at 25°C have been shown
very between 0.4 x 10~4 and 1 x 107 Mol./1000g. Hp0.

It would appear that this dissolved lead oxide is directly built d
in to the growing PbS latiice in place of a PbS molecule, To this
process would correspond an equation of the form

Pbo (aq.) 3 ? PbO

(Pbs)

The Pb0 content of the plumbite solution is quite sufficient,
with complete assimilation into the PbS lattice with the concentratiom
used, to attein a content of at least 104° molecules/cubic cm. in
Hdisturbance @entres". Since this amount is several orders of
magnitude greater than the required value, there should be sufficient
energy available.

To what extent the Pb0 molecules used can be delivered from the
plumbite ions according to the equation

HPbO3 &= PbO (aq) + OH™

depends on the rate at which lead sulphide can be formed. According
to so=far wnfinished experimentge.....this delivery......takes place
relatively slowly even at high temperstures so that under certain
circumstances exhaustion in the reaction zone can cccur. ' N

The resction Zone - {i.e., that zme of the reactive mixture which
iies immediately edjacent to the layer carrier smd from which is drawn -
the material deposited on the foundetion of the layer) has, sccording
to theoretical and experimental investigations, 2 thickness of up to
a few tenths of e millimetre under conditions obtaining in practice.
The quantity precipitated in forming & single mirror is about 1 mg./
square cm. The influence of the rate of agitation on both the
quantity end on the electrical and photoelectric properties of the’
layer is to be atiributed primarily to avoidance of exhaustion
phenomens ss well as, within certain limits, to the condition of
coasulation.

(Review of the Physics of TbS photo—resistances.)

1, Photd—electriéally active sbsorption.

The photo=electrically active absorption takes place in the
oround lattice of the Pb3, since

/(=)



(2) the absorption constants for wavelengths below l.5m
assume o value with FbS sc high that it can only be
explained if all the compnents of the lattice
participate.

(b) determination of the photo-electric yeild, using rigid
methods of msesurement, shows that this yield increases
proportioally with the wavelength over a wide range,
corresponding to & constant quentum yield.

.2+ Nature of the "disturbance centres"

As already mentioned, in PbS photo-res:.stances the sulphur
camtent exceeds the stoichiometric walue, and there is also an extra
smount of oxygene. These added amounts are 30 small that the funde
amental lattics structure of the lead sulphide is wnaffected by them.
Hence one finds

(a) Optically no difference between active and insctive
PbS layers

(b) The X-rey structure is that of normal lead sulphide
with certein small differences in the grid
conatantse

Excess sulphur camnot be introduced between the lattice on geometrical
grounds. The apparent excess of sulphur is rather due 0 a
deficiency in lead brought sbout by the formation of gaps in the lead,
Since for the formation of a lead gap, two electrons as well as a
Fb2* ion must be removed from the ground lattice for electron- neutral-
ising reasons, the question of from which of the ions sadjoining the
gsp thess electiruns are drawn has no significances. As sn amphoteric
semi=conductor FbS should behave in the region of excess anion &s sn
oxidation semi=conductor and accordingly, cbeying the rule discussed
by Schottky (1), should yield the required electrons from the lead
kations with the formstion of higher stages of oxidation like Pb

Pb%*, to which behaviour lesd is eminently sulted, Caneiderations of
ene.rgy show, however, that the e¢lectrons can be taken muck more

easily

(1) Schottky, Vorberichte Bumsentagumg 28/29.10.39
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easily from two adjecent S2™ ions with the formation of wnit charge -
S” ions symmetrically to the lead gap. Symbolically, the "disturbanc,
centre” correspoands 10 the form ’

Poo+ fs‘

Pbe+
(electron-neutrsl lead-gep point in the PbS lattice)
Fige. Zb shows & three-dimensionsl representation.

The "disturbance centres" act as points to which the electrons
adhere, by the assimilation by the S™ ions of the electrons separeted
thermally from the completely occupied conductivity linke The remain-
ing electron gaps wender sbout as positively cherged "defect™ electrong,

2. Additional oxygen can be introduced

(a) By insertion into the inter-lattice, as the small
dismeter of the oxygen atom would permitsecess

As far as can be ascer¥ned at present, oxygen atoms built into
the inter-lattice exhibit neither electrical nor photo-electric effect

LR

(b) by substitution of a 52~ icon at & normal point of the

lattice by an 02" ion.

As already mentioned this occurs in practice as the suwbstitution
of a PbS molecule by a FbO molecule in the lattice.

No significant electrical photo-eleciric action can be attributed
to the "disturbance centre®

Po=-S=FPo=-0=Pb =35

on the gromds of the energy condition in the electrom miveau (level)
in lesd sulphide with excess. sulphur.

(¢} By substitution of wmivalently charged S™ ioms beside
Phe* gaps by O~ ions with the formation of the
"disturbance centres":

o [m2*] s | o |2t o-

phot PbE*

/(electren:
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(electron-neutral lead=gep points with added oxygen in
the PbS lattice)

A three-dimensional representation is shom in Fig.2c.

"Disturbance centres" of this kind act primarily as points of

adhesion similar to the earlier menticmed gaps charged only with

" sulphure. However, the higher level of the associated electron niveau

band considersbly reduces the probability of transfer for elecirons

out of the fully occupied band. With this there is excellent agree-

- ment in the experimentally determined reduction in conductivity in
lead sulphide charged with oxygen.

(d) by substitution of divalent S2~ ims &t geps already electron-
neutral by 02= ions with the formetion of centres of the

type
s [55] - o (5] o
or ’
Pb2* 2~ pbl+ pbet 2= pp*

(electron=neutral lesd-gap points with added oxygen)

such "disturbance centres® display their effectiveness primarily
with the photo=electric effect, yielding electrons from the doubly
charged oxygen ions, s0 as to occupy quickly geps left by electron
- liberstion owing to photoelectric effect in the occupied link of the
lattice. It is only by such & process thet premature recombination
of the photo-dectrons is svoided and a useful "life" atiained. .

3« Reactions of . the "disturbance centres and changes in the
snnealing process.

: The temporary process consists in reising to 1259C in order to
change the structure of the "Misturbance poinis" in the lattice and
to trensfer into the most steble form from the energy point of view.

It is bel:.eved that the problem wnderlying sn effective annealing
process oconsists in bringing the oxygen distributed throughout the
grid into the lesdwgaps. . These lead-gaps, it will be remembered,
exist only when excess sulphur is present. If the annealing
temperature is raised above 1259C, the electrical canductivity falls
-, and the photo-electiric conductivity disappears.

[ivo
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4o Inertis phenomens.

The photo current obtaingble with a given number of 1light
quants is directly proportional to the “iife® of the photo-electrically -
liberated electron. (n the other hand, of course, the longer the :
life of the electron the greater the inertia effeci...Hence high
gensitivity can anly be obtained with relatively large inertia snd in
this connection the frequency of modulatiocn of the light must be bomme
in mind. :

Apart from the chemicsl cowpling up ("disturbance centres") the
rate of recombination depends on the temperature...

It iz the present practice to cool the cells for highest ;
sensitivity especially with =30lid carban dioxide. The "life" is raigeq .
from & few milliseconds to some hundredths of & second. The sensitivity
is increased some twenty times, since the derk current is reduced; but
this is af the cost of greatly increased inertia.

Noise phenomensa.

. The noise produced iz dependent not only on the usual parsmeters,
but also an the construction snd properties of the semi-camductor
itself. (Pmdamental questions are treated by Kasper in "Problems der
Fotohalbleiter-Entwicklung, Forschungsarbeiten uber ultrarote s
Strahlungsempfinger® OKH WaF 1942)s The cbserved noise is made wp of
the statistical sum of the following causes:

(s) Nyquist noise (See Physical Review 32, 110, 1928) e+
(b) Semi-conductor noise |

This was discovered by Kespar (see sbove report)... It arises
from the fact that the number of free electrans respomsible for the
current regarded per se undergoes a catinual chenge between the free
and bound conditions, -

It can be shown that as long as nothing changes in the homogen-
eons elscirical structure of the semi-conductor, and ignoring a
possible dependence of frequency distribution an the temperature, the
noise current is given by T

ip =4 JF .f'ec (v 1T)AdV
where i is the direct current flow:l.n,g and F is the surface ares.

/(e)
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~{e¢) Electrode Noises

) Variations in elsctron density of the kind described above, must
of course, be especially marked in regions of smell electron densgitye.
Such regions oocur &t the transition points from semi-conductor to
metal and therefore at the electrodes. See Schottky, Schweizer-
archiv fur angew. Wisa. Techn. 7,20,82.(1941)s In certain circum~
 atances the noise thus produced can far outweigh the semi-canductor
noisGesss. There is a characteristic dependence of this noise m the
material of which the electrodes are made.

. Chemical rescticn between metsl and semi=conductor is greatly to
be feared in prectice a3 the generslly small conductivity of the
reaction products leads to very sirong (semi-conductor) noise.

(aj Grain Noise.

fhe phenomena discussed in (¢) above can occur in similar form
at the boundaries of granularities in the crystallite of polycry-
stalline semi~canductors. The grain boundaries have not, in general,
the same construction as the inside of the crystallite... Agwin the
amownt of noise produced by these boundary layers depends on whether
there is & comsiderable deficiency in {defect=) elecirons. As
Devidor(1l) has shown theoretically, the transfer resistanogbetween
crystallites inoreases with incressing current strength. The flooding
of electrons over the boundary surfaces snd surfaces of contact which
thus results must thersfore compensate to a certain extent for {the
Aoise which would incresse with the strength of the current, Isadd the
structure remained the same throughout.cse. _

Charscteristic of this type of noise is its independence of
electrode materiel and its less-than-proportional increase with a
direct current, since, with the stronger cwrrent, 2 flooding of the
transfer regions sets in.

(e) Breakthrough noise.

_ If a certain value of current through the semi-conductor is
exceeded, pockets of charge occur at the transfer surfaces which cannot
be diasipeted in the normal waye. The consequent breakdown phemomena
lead to en extreordinary rise in the noise effects, which result in
irreversible changes.

/Electro=

(1) Devidor. Jeexp.theor. Physics (Moscow) 10,1542 (1941)
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Electro-technical treatment of Photo=Resistances.

In modern apparatus photo resistances are used anly with inter-
mittent radiation. The frequency of "chopping" is chosen so that
inconstancies of apperstus and cells are too slow to be of importance,
(See Figse3 and 3a.)

The Select Compittee of the Coundssion on Fuses set wp two
speciiicztions of senasitivity:

(a) =n absolute: .e.e iee. the attainable effective value
of the wvoltage/watts of incident radiation with
simulteneous peak sensitivity end with working re-
sistance load metched to the source.

(b) & relative: ..o i.e. that radietion power which
produces a signal voltage equal to noise in a lcad
resistance in the frequency range to be used.

The rediaticn to be modulated (300 cycles/sec) black body
radiation 2t 300%. s

The rost important messurement of sensitivity is (b) sbove, and
(a) proved, in practice, of little use.

Tote:-
The figures referred to in this Apvendix are not reproduced and
reference must be made to them in the originsl German report:-

Lobor=tory Worx at Lid,Ga. Tewstadt, e loberg.




APPENDIX D.
Poe 1 -3

Technological Questions on Cell Productione.

Project "Uhr"

Condensed translation extracted from a report prepared
by A.E.Ge, Neustadt (Nr. Coburg) at the request of U.S.
Air Technicel Intelligence.

The State Research Ministry gave the A.E.G. Company the order for
development of the project "Uhr', which was intended to provide self-
homing devices (explosive boats, rockets, etc.) with infra=~red photo-
cells. Above all, the foundations were to be laid for mass
production after the existing select committees had established that
the Elac Company had not the necessary technological facilities for
ite The difficulties wder which Elac was labouring lay primerily
in the fact thet its preliminary research work, as well as its
vacuum technigue development in the very important chemical and

glass blowing spheres, could not be carried out by themselves but
hed 4o be left to firms like Kast snd Ehlinger, Stuttgert; Hanff and
buest, Berlin; &nd Schott, Jeme. Thus they could never get beyond
the stage of reguiring skilled craftsmen. Therefore, in agreement
with the Ministry of Supply, the A.E.Gs was requested to take om the
commitment in the "A" factory at Konstanz by the Commissions an
"Puses, Remoffe Firing end Munitions Ancillisries", since this company
had aveilable the necessary scientific and technological experience.
The problem facing the "A" faciory was to carry out independently the
.geientific end technological development on the infra-red photo-Setmia
conductors snd to prepare for a cell production of several thoussads
per month. Despite the great difficulties caused by the war the
factory was successfully provided with 8ll necessary equipment and it
was found possible to push so far ahead with the difficult problems
of mess production, employing wntrained personnel, that the Commission
on Fuses was able to confirm the complete success of the production
in bulk.

Apart from the building of the apparatus & series of requirements
were raised in the construction of the tubes. These were as follows: -

(a) As lerge a maxipum as possible for black body radiation
in the temperature range 80°C -~ 3009C, so as to attain
as great &s possible a range for the devices.

(b) Termination of the tube in & thin plane window in order
to bring the wide aperture optical system near to the
' /sensgitive
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sengitlive surface with low absorption of the
radiation,

(¢) A distance between window snd lsyer as far as
possible not exceeding 2 mm., thus fulfilling
condition (b), |

(@) A cooling period ofabout 2 hbours corresponding to
the time of deposition,

(e) As few external fittings as possible in order to
minimise space requirements in rockets,

(f; A semsitive surfece of sbout 1 square cm., in order
to attain @s high & meximum sensitivity as possible
with large aperture angle and optical image.

(g) Suppression of microphanye

the above requirements were simultsnecusly satisfied anly with
difficulty. However, by working out special methods of menufacture
it was found possible to carry out production of the tubes by
extensive installation of smell machinery. The réquired large=scele
menufacture was facilitated by development of special tecilmigues.
The overall methods of production were sc simplified that the initial
heavy demands cn technicel skill were later unnecessary, the work for
the greater part being carrisd out by assistants.

The result of this development work is sn infra=-red photo cell
of which the cmstruction is shown in section in Fig. 4 The tube
satisfies the requirements enumeraied above, for black body radia=
tiom of 300°C, and & modulation of 300 cycles/sec. it has @ peak
value of 0,15 microwatt.

The requirement of placing the lens close to the sensitive
surface is met by using a plane window of Duren glass 0.5 mm. thick,
with 1.5 mm separation from the photo-sensitive surface., The losses
by reflection and sbgorptiom are kept below about 15% (with & 300°C
redistion). The design of the inner tube allows of a cooling of the
layer for a period of time of about iwo houre with solid carbanr
dioxide. In order to eliminate microphonic effects the wires lead-
ing to the electrodes are covered with glass throughout their whole
length so that any period of oscillation would lie well above the
frequency range being usede By virtue of the small length snd width

/of
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of the tongue=-sheped platinum electrodes microphonic effects, caused

- by veristion in the dieleotric constants owing to mechanicel

agitetion of the cooling medium, likewise remsin smell. If necessary
the inner-part of the tube can be coated with a metallic layer up to
& certain height for screening purposes.

The stringent demands made on the gless by thermsl loading (removal
by amealing of the streins existing in the glass after the fusion
. process is impossible owing to the occurrence of irreversible altera-
tions of the layer at temperatures exceeding 60°C.) were met by using
Dursnglass made by Schott of Jens. This glass has & thermal
coefficient of expansion of canly 33.107 7 with & low absorptive power
for infra-red radistion.



APFRNDIX E.
PP» rl - E.

Summarised translation of extreets from &
Report prepared by A.E.G. Neustadt,
(Nre. Coburg)e

The report was prepared at the request of the U.S. Air Technical
Intelligence, and it conteins informetion on the developments by
A.E.Gs in the sphere of infra-red cells as well as an the spplication
of electro=opticel methods to target=seeking devices and proximity
fusesy Relevant scientific questions are discussed to some extent.
The report falls within the project "Lugsty", under which the
greatest part of the apparatus developed in Neustadt has been re~
quisitioned by the U.S. 29th Air Disarmament Squadron, Schweinfurt.

Development of Infre-Red=Sensitive Photo-gemicouductors.

. This section opens with a discussicm on the feasibility of using
detectors of the infru-red redistion from cembusiion motors, rockets
etc., for their location for military purposes. Two types of
detectors are possible - vacuum photo-cells or photo~conductive cells,
of which the former are not as suitable as the latter owing 4o their
higher work functions. For use in the latier type, lead sulphide,
lead selenide, and lead telluride are particularly suitable.

Various methods of synthesising lead sulphide are next mentioned
and it is pointed out that they were based largely on empirical consid-
erstions wmtil the beginning of 1940, when A.E.Ge discovered the importi-
ance of the presence of activeting oxygen. At the same time the ,
photo=conductive effect was clarified as a result of measurements an
elecirical conductivity, Hall effect, and thermo-potentials.

Two methods of imtroducing the necessary activating oxygen are
described. The physical chemistry of the formation of photo-sensitive
lead sulphide by the wet process is treated and theories hitherto
current on its molecular form are discounted and two discoveries are
mentioned relating to the manufacture of thick lead-sulphide mirrors.

The general basic reaction of the formation of lead sulphide in
salkaline solutions of plumbites is considered with reference to the
effect of even small traces of impurities and to the dependence of the
photo~sensitivity on the history of the primary layer on which the
remainder is deposited.

/ Review
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Review of the Physics of the PbS PhotoeResistances.

Pallacious conclusions hitherto held concerning the mexima and
minime occurring in the PbS output distribution curves are exposed and
the reason for them explained.. The smell treces of excess sulphur
- &nd oxygen which sre known to exist in photo-sensitive lead sulphide
are ‘described with reference to crystal lattice models which, it is
suggested, represent the structure of the photo-conductive meterial.
Practical and theoretical considerations relating to the process of
 annealing are mentioned. The result of cooling the photo-conductive
medium with solid carbon dioxide is to enhance the sensitivity greatly
with, however, corresponding increase in the inertis effectse

The electrical noise produced by the semi-conducting layers is
shown. to consist of five kinds, each of which is discussed, namely
Nyquist noise, semi~condwtor noise, elecirode noise, noise produced
'8t boundaries of grains of crystal, and break~through noise.

Standards of sensitivity which were laid down in specifications
for workers in the field are also discussed. '

Techhological Questions o Céll Production.

Progject "Uhr"

The preamble deals with the A.".¢. commitment of mass producing,

under wartime difficuities, several thousand infra-red cells per month,
 employing watirained personnel for the purpose. The requirements
included the following:=-

(a) Attainment of as large s possible a maximum sensitivity
for black~body radiation in the 80 - 300°C. regiom,

(b) Termination of the tube in & thin plane window so as to

‘ be able to bring the large aperture optical system as
near &s poasible to the sensitive surface,

(¢) Keeping dimensions small,

(d) 4&n ares of sensitive surface of about 1 sqe.cm. and

(e} sSuwpressian of microphaay.

- The many difficulties were eventuslly overcome and & construction
evolved which is represented in Figel.

Project "Linse"

This infra-red self-homing device was intended for automatically
/steerimg
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steering explosive boats into shipss Its main feature is illustrsted
in Fige5. of the original report.

Infra-red rediation from the target passes through chopper disc
on to the sensitive surface of an infre-red cell. Since the diasc is
fitted with & different number of occulting segments oan the {wo annuli
shomn, two signals of different frequencies will be produced at the
output of an smplifier connected to the cells Any unbalance in the
signels is discriminated by the circuit of Fig.6, the output from which
is used to correct the helm of the explosive boat via relay.

Detailed data relating to compment parts of the equipment is
given.

Ranges of 2000 metres were successfully coversd a tryals. Various
possible improvements are suggested.

Project "Krebs™

This infra-red self-homing device was intended for the automatic
steering of rockets launched from carrier aircraft againsi{ enemy
aeroplanes. .

In principle it correspunds closely to "lLinse". In order to
permit of automatic steering in azimuth and elevation two chopper discs
are used arranged in- such & menner that in the image field the chopping
elements intersect at right angles and thus signals of four different
frequencies are used. Renges obtained varied greatly with orientstiom
of the target aircraft owing to occulting of its exhaust pipe, etc. by
the fuselage or wings st certain snglea of approach.

(nly one model of this equipment became availsble and this was
removed by an American Commission of Invesiigation.

Project "Emden"

.An improved arrangement in which the correction signals are linearly
proportional to the displacement of the target off centre wp to % 10°,
and which has & field of self-homing of ¥ 25° is shown in essentials in
Fige 9 The specially shaped occulting diaphregm is rotated in the
image field and the length of time for which the target is exposed is
proportionsl to the displacement from the cenire, while its angular '
position is disclosed by the phase of the signal with respect to an
altemating voltage produced by & generator coupled to the axle driving -
the shutter. This appsratus was celled "Emien®.

Another form of scenning device is shown in Fige 10, in which &
weross" disphragm moves i such & way that the centre of the cross
[cizcles
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circles round the edge of the image fieldo A= the arms of the cross
‘move over the image field impulses are produced of which the displace-
ment in time with respect to the horizemial and vertical limiting
positions of the disphragm give the horizontal and vertical displasce-
ment of the target from the optical axis,

Project *Netzhaut".

A self~homing device developed for building into the A.A. rocket
"Wesserfall®". The main requirements were a range of at least 3000
metres and a field of £ 3% A concave mirror system of £/1.8 and
focal length 45 cme wes used at first but wes superseded by an optical

system of less weight.

No tests were carried out with this devicee.

General fundamental conaiderations applying to the design of infra-red
self-homing devices.

: This section of the Report discusses the advantages end dis~-
advantages of infra-red detectors compared with radar. Thus, although
the former suffers from certein westher conditions, it presents the
-great advantage of secrecy in opersation and gives no warning to the

Various criteria for an eificient infra-red equipment ere enwciat~
ed. The question of the variation of the sensitivity #s a f'uction of
the size of the sensitive area is considered, resulis given by verious
investigators being quoted. There is an optimum size of surfece above .
which the principle of diminishing retumms spplies, a& figure of 8§ mm.
being considered a good compromise. ‘The effect of microphomy end
noise produced by irregularities in the photosenaitive surface is con-
sidered, as is the necessity for & condensing lens to focus the
rediation from the target an to the surface.

Acfive Proximity Fuses = Project "Zossen".

This apparatus was intended for automatic launching from fast
fighters. The proposed arrangement is shown in Fig.l2, from which the
method of attack is evident. The time of release is fixed automatically
to an accuracy of about cne~hundredih of a seconds The frenamitter
sends out & chopped light beam which is reflected by the target whem it
comes into the field of view, the reflected light passing into a caesium
vacuum cell. The amplified sipgnal energizes & relay which operstes the
 launching eguipment.

/Differences
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- Differences in altitude of up to 80 metres were ﬁsea on trials.
it was found possible to hit a target 2 meires square with certeinty
st 4§ metres renge from a fighter aircrafti. :

Project "Pio"

This equipment was intended to detonate a torpedo as it passed
wder and several yards below the keel of a ship, detonation in such
cases being most effective (see Fig. 13a)s. The light from & glowlaup
is chopped by a rotating disc and projected wpwards. Should any -
light be reflected into the receiver by the presence of a terget, &
signal is produced by the caeszium vacuum cell, amplified by a tuned
audio~frequency amplifier, the output of which operates the detansting
gears, By suitable inclinstion of the outgoing light beam, light '
reflected from the surface of the water is prevented from entering the
receiver (see Fig. 13b).

The chief difficulties were the low signal/noise ratio {as low as
4/1 in some cases) owing to waves, and the high coefficient of
absorption of the rediation by sea waters, Rather poor results scem
to have been obtained with this apparatus. S

Project "P.L."

This equipment was intended for building into the A.A. rocket
Pwasserfall” and worked according to the same principles as "Zossen"
and "PiQ", but the disteance at which detmation occurs is less, since
the outgoing light is split uwp into a number of besms. A range of 30
metres was required. In Fig.15b is shown & section through the nose
of the rocket. A motor rotates & lens drum at high speed, producing
a8 series of rotating beams similar to that produced by a lighthouse.
The presence of a target causes light to be reflected into the receiver
photocell which is a caesium vacuum cell with semi-trensparent cathode,
The cutput from the cell passes through & timed audio-frequenocy ampli-
fier and operates the dsiomstor. Fins are provided to screen side
lights from the phote=cell.’

On triales ranges of only 15 meires were obtained and since
increaging this figure to 30 metres would have required a 500-watt
lamp the outlook was poor. Work was therefore suspended at the

peginning of 1945.
Project "Kegel"

This is a "passive™ optical proxin:i.fy fuse, to be employed against
low=flying aircraft. (up to 50 metres altitude). Mines arranged in
the neighbourhood are detonated by the eguipment.

/The
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The shadows principle is used. A shsdow falling on the caesium-
antimony ges-filled photocell produces a pulse which is amplified and
used to detonsete the mines. Shortage of petrol curtailed trisls,
but results were oblained with a slow-moving aircreft flying at
50 metres altitude.

Collsboration with other firms.

_ The names of the firms inwolved in the various projects are shown
in section IV of the report.

In the finsl sestion messures are discussed which would be
necessary for further development and completion of the various
proJjects. Such quesiian #s library fecilitiea, space, staff, appsra-
tus, and rew materisls required are discussed.

- Note:- Figures referred to in this appendix are not reproduced ard
reference must be made to them in the orlg:.nal German report--

| laboratory Work at A.E.G. Neustadt, Nr.cherg,j,



— A ——— o — —  T——— i B S e e ———— ——— ——— r— et — — —— — —— — - —

o~
7o)

it e S e s e— e — — o e mme e r— ——— AR e e e e

TSN HINAS I

MoviE

HIALHUVI XYW

_ ,umnut ‘




FIGURE 2
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' FIGURE 3
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FIGURE 4
COLLECTOR ELECTRODE GLASS SILVERED
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FIGURE S
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' CAPACITANCE * (I F) WAS CONNECTED CLOSE TO THE GRID OF
THE 70 ¢M. OSCILLATOR TUSO0 AND FED ON THE CATHODE
FROM THE FINAL MODULATOR YUBE (LV| TELEFUNKEN). IN
THE CONDITION OF MAX: CARRIER THE DIODE IS NON
CONDUCTING; WHEN THE DIODE CATHODE POTENTIAL FALLS,
MODULATION IS EFFECTED INITIALLY BY DAMPING OF THE LECHER
LINE CIRCUIT, AND FURTHER, BY SHIFTING THE WORKING POINT
OF THE TU3O, DC RESTORATION (6§ NOT NECESSARY DUE
TO DUAL- CONNECTION FROM THE TUSO0 GRID TO LV ANODE.
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FIGUREG.
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FIGURE B
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FIGURE 10.
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F'IGURE 13

COLLECTOR

- SIENAL

MULTIPLIER

|CONSTANT DEFLECTION FIELD

— —— i — — —— w—

SCANNING FIELDS

o  w— man w— G —

MOSAIC

i

ORTHICON WITH SECONDARY'EMISSION MULTIPLIER.




