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(e) A.E.G. Hamburg., Dr. Borden is on the legsl side
of the fimm and could not give much irPformation on the
technical activities. It was learned that A.E.G, themselves
produced very little in the way of H.F. instruments but they
control Telefunken and the latier fim carries out all the
radio research work,

Most of their technical staff are at Stuttgart where they
have done some work on refrigeration using the process known
as magnetic refrigeration, some details of which wers stated
to be available at Stuttgart. The pumps used in this device
work on the vibrator principle. They are also the mamufac-
turers of the Magnetophon, the chief engineer on this work
being Dr. Schippelman. Model K7 is to be mamufactured at
Hamburg, this being a tape machine to work from radio. The
address of Dr. Schippelman’s deputy in Hamburg is Dr. Schuller,
Kochmannstrasse 12-14 (Ceifert Co.). ,

(b)  A<E.G. Stutteart. The A.K.G. factory at Bad
Constatt near Stuttgart was not producing eny H.F. instruments,

and according to Dr. Schaeffe their main concern at the moment -
is maeking electric tools, drilling machines, shears, grinding

machines, ete; alsc a certain amount of power transfomer work
is in hand and they are starting to make H.T. switchgear again.

(2) |

(8) Telefupkan, Hamburg. Interview with Dr. Kleen, an
expert on velves. He was quesiioned regarding measursment
technique. He showed a series of books called ®Bucherel der
Hochfrequency-Technic* which he had written in collaboration
with Dr. Fothe (now at Munich). These bocks have been
published since the war, and it is strongly recommended that
copies be obtained. Most of the books deal with valves, and
the last'volume "The Behaviour of Electrontubes at H.F,"
(Vol. 8) is at Munich in mamuscript only. The rest were
published at Leipsig in the Bussian zone., This woxrk
sppeared most important and it might be worth while trans-
lating and publishing.

Dr. Kleen informed us that the specislised work in
measuring equipment was carried out by Dr. Meinke who now
lives at Hamburg Bergendorf, Uhlanderstrasse 5. See Section

(3.

Dr. Kraft was questicned on the methods used for testing
high power water cooled valves tut was not conversant with
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these himself, He said that this work had been done in
Berlin bty Dr. Gunthe Wolf. It was a method by which charac-
teristic curves of a velve could be plotted point by point
over the full working range and was developed in 1942-1943,
Other schemes were worked out for small valves by which the
characteristic curves were chown divectly on a cathode ray
screen. He said that high power valves capable of working

down to 10 em. vith an output of 100 kW had been mesde.

Work on aeriels was done by Dr. Kotowski who is now in
the Russiean Sector of Berlin. The tranamitter work was
hendled by Dr. Bushbeck who now works with the Russisns on
guided rockets but who is allowed to go to his home in
CGruneweld once a week. Dr. Bruck was also associsted with
the valve testing plant end is living at present at
Csnabruck but is not working., A1l the best Telefunken
technicians are working in Berlin for the Russians directed
by Dr. Steiner who lives at Zehlendorf, Geothestrasse Za.

‘Work on wave guldes was carried out under code names
Budolf and Michel by Herr Spiegel who is in the Russian zone,
but Herr Maas in Munich would have some imBrmation on this
WOTK.

Dr. Ulbricht was also present and stated that his work
during the war was on direction finders of the Adcock type.
He had, however, adjusted the medium wave aerisl at
Norddeich te cover the British forces zone to serve which it

is now used. The aerisl system at this station has 10
masts, 4 in line as a director, behind which are 2 in line
whiich are driven, and behind them egein 4 more in line &s a
reflector, set up on a bearing to cover England and originally
designed to operate on 758 ke/s. To work for the British
forces network, 3 masts were selected, one of the directors,
one of the drivers and one reflector to give radiation 150°
away from the original direction.

+ The H.F, bridges used by the Telefunken Compsny were mede
chiefly by Siemens & Halske of Berlin, btut 11 such apparatus
has been taken by the Russiens. Others were made by Roche &
Schwarz and a few were made by Telefurnken themselves at
Berlin. No details of this equipment were availabld.

(b) Telefugken, Stuttgsrt. Telefunkens are ogemting
in a very small weay in the Mahle factory carrying ou

repairs to broadeact receivers. The whole place is
equivaient %o a Hadio Desler's repair shop and is of no
interest.
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{c) ZTelefurken, Mexctrasse 8. Bexlin. Here agein very
i1ittle work of interest to our team was being carried out since
they were producing a small type of portable radio receiver,
meins operated. It was learned that the Chief of vacuum tube o
development was Dr. Steiner who is now working in the Russian ‘o'\'—&:zvui?
sector 28 head of an Institute for controlling various B
regearches.

in interesting calibration device for calibrating trans-
pitters automatically was described. The methed was a photo-
crercic one, a sensitised plate being placed in the positdon
i occupied by the dial and a beam of light was transmitted

cn to this from a special projector. Thi s projector was fitted

m,

OAmIT. The methed in use was as follows:—

4 shandard crystal control oscillator was used end the
.smitter was slowly tuned by a molbor, VWhen a beat note
red betmeen these twe, arrangements were made for the

to be shtopped and when stationery a flash from & dis-
¢e tube passed a beam of light through the projector
which was thrown on to the sensitised plate, projecting an
imzge of the appropriate line on to it.  The projector then
sutometically moved to the next position and the motor was
roebarted.  This operated continuously until all the points
were exposed on the sensiticed dial plate. This dial plate
was of gimilar grade to that used for process work. It was
then developed end used on the transmitter. A 100.kce/s
crystal oscillator was used and it was arranged to be divided
so that 1, 5, 10, 50 and 100 kc/s points were available and
these were brought out depending upon the freguency on which
the points were required on the scale. The motor was
srrsnged sc that when the 5,000 c.p.s. beal nole was passed
tne motor wendt slowly, and at 70 c.pe.s. the motor was cut out
sub end the inertia of the system brought it dowm te zero beat.

A LG A

(@) Ielefunken, Sickingersirasse, Berlin. Dr. Max Weth,
~zeident of the Board, was seeun but he was non—technical and
leter saw Dr. Cunthe Wolf and Dr. Paul Wolf. In the
~boratory come experiments in induction heating were being
nede using a self-oscillator on 2 - 5kW output. The use to
which the hezter was being put at the time was for hard
scldsring on the cap of an all-metal valve to the metal base-
plate, and 1t was arranged so thet the meximum heating occured
round the work. The heating element is shown in Fig. 1 and
=ill be seen to consist of 2 coil of some 10 turns round a

-
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heavy copper cylinder having a longitudipal siit in it and cip
shaped at the bottom to provide a seating for the work. HMeans
are provided to rotate the work on this seating whilet it is
heated and by this meazns even heating round the pexriphery =
the article is obtained., Another induction heating apparatus
was being used for degassing anodes of transmitting valves.

. Some exsmples of the 100kW transmitting valve, No. 564.RS,
suitable for short wave use up to 25 M¢/s were seen; this is a
double ended type velve, the thoriated tungsten cathode requiz-
ing 180 amps at 18 volts for a pesk emission of 100 amps. The
cathode is in three sections, each brought out to a termiral
and also connected internally in parallel. The centre poinis
of each section are strapped together and brought out to cne
end of the tube. There is no filament seal cooling and the
grid connections are brought out io the opposite end. Ovarsll
the valve is about a metre long and it was understood that they
are being produced for use in transmitting stations which sxe
in operstion in Germany.

It was unfortunate that neither Dr. Gunthe Wolf mor Dn.
Paul Wolf spoke English with any fluency as they developed the
velve characteristic measuring techniques. However, Dr. Xumide
Wolf was asked for = report on this subject as applied to kigh
vower valves.

(e} Elate Maxking Woxks. A visil was made to the
Siemens Plate Marking Works where dyed anodising name platas
and diels were made. The master scele was ancdised initaily
either in e sulphuric zacid bath (20%) with a potential of
15 volts at & current density of 2 amps per square decimeter,
D.C. or A.Cs being used; in the latter case two anodes belng
employed so that twice the amount of work could be done in one
bathe If the dizl is required to be of & brass colour, oxalic
acid (5 to 7%) is used for the anodising bath. The temperaturs
of the baths should be kent at 20 degs. C. for normal ~nndising
end it is interesting to note that precautions were taken to pacss
cold water through the solution if necessary. Waere oxalic ac.e
is used the colour of the anodising can be veried by the temper:-
ture of the bath znd sometimes temperatures up to 40 degs. G
were used. The anodised pilate was then teken to an offset
printing machine and the resist .was printed either from an
engraved plate or from positive type using a special ink.
The plate was then put into a vat of dye for colouring. Care
is taken to see that the vat is not above 70 deg. C for abovz
this temperature the crystaline structure of the oxide surface
of the aluminium becomes closed. The length of time the paris
_are left immersed in the vat varies depending on the depth of
the colouring required and the type of dye. After dyeing the
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resist is washed using petroleum type spirit. .

. If a multi-colour disl is required, a new resist may be
printed and the part redyed bui it chovld be noted that certain
colours drive out other colours end the dyes do not follow the
nomal laws epriying to pigmentss . In other words, yellow can—
not be mixed with bine to produce green - the yellow dye will
completely displace the blue dye and the part will show yellow.
¥hen the dyeing process is complete the aluminium panel is
cither boiled in water to close the grair or n4gy be sprayed
with = lacquer. '

Another proces: comprises sensitising the oxide coating
with 2 photographic process whigh is roughly .as follows:-

(z) Anodise 4
(b) Tredvithamonium chloride (NH4 €1)
(¢) Trest with sulphuric nitrate (4g. Ho%}

and fipish in e bath of Au.Ci.Z. After fixing it is sprayed
with a eellulose lacquer (Pantarcl).

(%) Herr Meinke
H.F, cignal penerator. This unit covered the range

4280 ems and -conld be extended dovn to 20 cms by the use of
harmonics. The unit was constructed entirely on unplated
brocs and consisted of two circular transmission lines in z
tuned plate-tuhed grid circuit using an LD5 osc. valve with
grounded cathode. Through a capacity attemator matched to
70 ohms, a maximum output of 4 watls was obtainable. The
attentuator is shown in Fig. Z and consists of-a circular ceramic
tube which fits smigly within the copper tube on top of the
generstor. A similar ceramic tube with a coppered outer sur-
face is pressed into this se that a constent capacity exists -
petween it and the outer copper tube. . A brass glug is then
soldered to the base of this and acts as the pick up and is
placed as close to the snode lead as possible. "For attenua-
tion the whole cersmic structure is moved out in the copper
tube, thus decreasing the energy pick up, bub at the same time .
keeping the capacity between the plck up and tube constant.

- (This tube end all of box A is at H.T. as shall be seen later.)
The energy is fed off through a co-axial line whose central
conductor is fed to the pick up slug through a 70 ohm
resistor. The equivalent circuit is shown in Fig. 7, where

R is 70 ohms, Cv is the cap between the anode lead -and pick up
slug, and C¢ is the cap acrose the outer ceramic tube.
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The two copper transmission lines are cireular and are
supported by circular polystyrene insulators; see Fig. 4.

The plate line and grid line are in separate copper boxes
which must be (although Dr. Meinke didn't clerify this point)
separated by a thin sheet of dielectrie. This is necessary
bacause box A is at H.T. and Box B is grounded with respecd to
D.C. but they are at the same effective potential with respect
to the freguency for which the unit is designed.

The tuning is performed by a phosphor bronze slider which
is rotated around the lines by means of & centrsl ceramie shafi
(ses Figs. 5 and 6). As these sliders rotate, they short the
trensmission lines and vary the frequency of the oscillator.
Because the shorting path of the spring was too long, a small
Plece of copper foil was placed zcross the spring ends and this
proved very satlsfactory.

This eguipment was used only for sianding wave measurements
and no atlempt was mede at pulse modulation. The cutpat was
switched through a special R.F. switch to either a bolomeler of
to the load., The bolometer method was quite standard bub the
R.F. switch is interesting.

Ha T T Lich, This switch developed from the
necessity of switching signals of from 20-80 cms eng yeb keeping
the input and output lines properly matched, To ersure good
contacts, he employed compression springs inside the phosphor
bronze moveable contacts. These were in turn brezed on %o Gha
rovating copper slesve. The proper malich was obitained by son-
trolling the ratio of the contact diemeter to the outer diapmler

D of the switch. See Fig, 7.

Bolometan For his work on the bolomeber gee: YDag
Bolometer als Lustigesesser bir Hoher Freg." Eieki, Nachs
Tech 19 (1942), 27. He published much between 1940-~44 and i%
might be well to look it over.

Aivenusfors. de worked on an experimentel abscrbiian
attenuator and ealcalated various sizes snd chapes for zerc
reflection coeffic.ents. Complete notes on this subject were
obtained and are attached. The genersl view of this sttemator
(wide range) for cwm waves is shown in R 8.

The input is fed to a carbon coated ceramic tube of
resistence 70 olms for a match. Ingide this tube is moved a
brass plunger comnected to the output lire through znother car—
bon 70 olms resistance. Thus both input and sutput lineg sre
matched. By moving the plunger any smount of energy from
maximym to zero may be obitained. For such a uxit %o be
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successful, complete absorbtion of the incident energy is ot
necessary end for this purpose Dr. Meinke used the exponential
bracs spinning shown. As long as/\= 1/8 D he has shown that
complete absorbiion will teke place in this horn for a 70 ohm .
iine. TFor further details see evacuated litersture sheet, also
his péperg. .

Boteting Standing Wave Indicator. One equipment of which
re was especially proud was his roteting S.%. indieetcer. This
unit was adapted to 10 cms and also to 2 cms by replacing the
co—axizl with a guide. The unit consists of a circular piece
of co-axizl with the ocuter conductor slotted on the inner
dismeter; gee Fig, 3. A m~tor-driven revolving amm with a
smnall pick up probe which is capacity coupled to the inner
conductor, rotetes at 25 r/sec. The distance between the pick
uy probe and the inner conductor is quite lerge (severzl mms.)
in order to minimice the percentage variation zs the nick up
rotates. A signsl generstor supplies energy into one end of
the line and the unit whose characteristice are desired is
conhected to the other. (The Sy§%em was Cecigned for a 70 omm
line.) As the probe rotetes it picks up the energy distribu-
tlon elong the line and passes it through a rotating capacity
coupling (see hi: literature for deteils) to a supsrhet receiver
end thence displayed on an oscilloscone. The problem is to
reduce the dizgrem on the scope to & straight line i.e. no
energy variation on the iine and therefore a perfect match of
the unknown. Antennae, unknown linec and so on were checked
and developed by this mezns.

Decgimetre Wide Ba ntepna. Finslly, he described his
wide band directional antenna. Its construction is pretty well
standerd and consists of three dipoles separated by W/Z for the
mean band freguency. The size of the centre dipole and the
sevarstion of each side are so arranged that looking into the
antenna, the iwpedance remsins relatively constant over the
regulred Trange.

{ arishl 2o ¥a ~ He described another wavemeter,
good to 42 cms using -a tuning condenser system. The stator
consilsted of six plates mounted concentricslly sbout a.central
point P. = The rotor consists of five small. plaltes of the same
radius of curvature which revelve about P on a suitahle ceramic
amm. (Sce Fiz, 10.) The construction of the stator plates was
of three "U" shaped section spot welded. He worked on 2 10 cm

modei of this Tbut the consiructional details could not be
obtained,

Dr. Meinke stated that there were 4% reports on such
apperatus as we desire at Telefunken, Munich.. He had written
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these but had none e—ailsble. He zlso stated that despite

the lower 1imit on his signal generator of 42 cms he had used
it to 18 cms by pickir. out hammonics. Of course no volbage
measurements were teken. In the laborstory, these designs of
attenumators and generators were used down to 10 cme. His know-
ledge of 3 cms and lower was slight. He had worked on non-
reflecting coatings for U-Beets and had prepzred a report for a
Mr. Morgan of MAP; this report had, at the time of our meeting,
not been collected. He also &id much work on non-reflecting
isolating spacers, frecuency courlers, noise absorbers, ete.,
especially along the iron dust aebsorbiion principles. Liters-
ture regarding this work was remeved for copying.  As these

are the only notes he has, snd it represents about six years'
work, it is essentisl that they be retumed. It should be
emphasised that 211 the information obtained was described by
Dr. Meinke by memcry and that details thercfore are not possible.
If further infommation is desired on =ny of these equipments a
trip to his laboratory in Bavaria should prove fruitful.

(4) Dr. Kroshel, Schloss Bredsneex, Rreetz, nesr Kisl.

Dr. Kroebel gave us a short description of the work which
he haed in hand. A pulse generstor and time base hed been
developed for cable fault finding =nd slso for measuring the
building up time of amplifiers (Einschwingzeit). He alre pro-
posed to use this in conjunction with a crystel clock o measuve
the variztion of 'g' at one spot on the earth's surface. Cne
mocéel of the short pulse generstor and time base was in opere-
tion and its use in locating the distance of a fault in a catle
was illustrated. The initisel pulse put into the send end of the
cable was shown on a cathode ray screen and the refiection from
. the feult superimposed. From the distance between these two’

pulses, the distence along the cabile could be calculsted. Since
the time baze was not linear, the time interval was not directly
measured on the cathode ray screen but found by sebting first
the initizl pulse and then the reflected pulse to a central line
on the screen by shifting the bias on the deflecting amplifier.
Having obteined the time interval, the distance of ihe cable is
of course dependent on the velocity of the propagztion and o
estsblish this a short known length of the cable is first
measured.

g Dr. Kroebel cleins that the pulse wicth is of the order of
10~% seconds and that the spread of the time base is 10~/ seconds.
Actually the pulse scen had a widih 2t its best of some & x 10
seconds and was by no means roctilinear. The pulse was not
amplified or modulated.

The pulse generator and sweep unit is bullt on a chassis
about 15" x 10" x 10" with & separete powsr supply. The con-
struction was of normal German care and compacthess and a 3"
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C.R.T+ was used for display. For swesp generabor he used gas
valves of the type EC 0. A block diagrsm of his circuit is
given in Fig. 11. 41000 cycle sine wave generator (p) feeds
three identdcal pulse shaping circuiie, whose inilial stages
consisted of condenser phase shifters. The sine waves wers
than squared and shaped and frem (_1’1 & pulse was sent down the
lire to be tested., -Similar pulses were developed in (¢) aund
(k) bup their relative phase depended on {a) and (&). The
Tulse from (¢} was used to open the sguare wave generator (q)
and the pulse from (k) was used to close it and hence by
varying the phase as (h) we may shorien or lengthen the pulse
from (8) and vary the duration of the sweep cutput from (e).
Ths sweép veltage from (e) is sbout %0 velis in amplitude.

4 detziled circuit diagram is given in Fig, 13 without the
gine wave generstor and line pipper eirouiis. . Some items of
interest may be noted:

(2} The pip generatien is done through & gas tube and 3
limited by the ionigation and ds=lordization time zs well =& the
temperature variation of gas velves, A% the time this unit
was examined the pulss was '

Kot sguars, but rather wedze shaped.

ot 10“8 seconds durstion btut rather 6 x 10‘8 seconds ai
the baseo

Whereas this pulse is short, consgidering it is unmodulated sna
not amplified it is very poor compered with modern allied
standards.

The time base is & condsnger dischargs through a velve lmpedance
and is hence exponential. Alsc since the ouiput of (d4) is not
square but wedge shaped (gee Fig. 12} the time teken for the
sweep valve to saturate and cut off is notdceable and hence the
start and finish of the time base are slow. The sweep voltage
~ time dlagram is roughly shows in Fig. 14 It can be seen
that it is defipitely not linear. ZThis time base 1s short
and_by adjusting Ox, Gy and Gz (Fig. 19} it can be reduced to
10~/ seconds, but since no attenpt is made to make it linear
it is not very impressive compared with modem produciion
linear time bases of 1 micro-secend and less duration.

This model was a hand made leborstory unit and required &
fair smount of handling to get the desired results. It is
cerbain that 1f it were attempted to produce a variabte smpli-
tude, sgquare pulse and also a2 linear time base, this funda-
mental deslgn would noi work satisfactorily.



- 10 -

In the actuel eguipment seen, the non linearity was over-
come by first bmnsln.g the transmitter pulse under a hair line
by means of phase shift {1), then bf'}.nglng the reflected pulse
under the sams line U_Q:Lng the same control. From the change
in capscity the time interval could be caleulated.

L ;.. 14 2 i i - Z
In (3011(31.1 ==1.0n, thers 01 Y desplte the clallns of DI KIOeb :’1.,
i‘t iﬁ fn,.l t thel t%iS u.»..i w iS bd‘ov\l— the Sta‘_ﬂéard set by a.].}.j.ed.

¥
squipments both in tulse and sweep generation.

oignal Gepepstnw. Here again Pr. Kroebel considered his
signal senerstnr 23 being Lhe last word bt was evidently out sof
touch with the latest echisvements in Britein and U.S.a. [% was
devaloped *”“r Laberatory use snd coversad a freguency rangs of
in

10 k¢ to 0 M saVen ranges:-

10 - & ko
4) - 100 ke
.;,OO - 30 ke

0.3 - 1 Me

~ 3 He

3 - 10 Mc

10 - 3 he

Each range was spread over a scale spproximately 10Y long and sn
engraved disl ensblzsd eazh divisieon of the main scale to be read
to one ftenth. Adsguate screening was obtained by the use of 2
gouble screening box.

The ingtrument comprised a master oscillator E.F.12 using
powderad ivon cores abt all freguencies, cup type for the four
lower ranges and ssrew cors for the higher. Only one calibrated
scele was used, the cireudts being adjusted by trimmers and the
screws cores to matchs  The wave range switch was of the wafer
type. Tuning was carried out by a well-luilt condenser geared
mechanically o the conirels slthough wires were ussd on the
final drive %o the &isl whicvh was of the rectanguiar type zbout
% x 10%,  An incrementsl dial calibrated in degrees was also
in the gearing system. The omeillator was confrolled by a*
diode to kesp the outpud constant and fed to an amplifier and
modulator vnite The moduliztor was fed by a step type varliable
oscillator covering 200 cycles to 4 ke/s. . Provision was also
mzde for externsl modulation. The modulation was monifored by
a meter calibrated directly in percentage modulation, and only
a low accuracy of depth measurement counld be expected.

The amplifier oubput was momitored by a diode voltmeter
indicating on a panel meter {50 ud).
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‘The slide wire system was & double potentioneter with
Jittle to commend it, drivenfroi the panel by wires. This was
followed by & sw:xtch ‘attenustor using wire paralleled elements
and carbon series elements, usually considered to be bad practice.
The output had two sockets, one giving one volt and the other
variable from .1 uV to 100 mV.

!

A tuilt-ip erystel oscillator was employed for frequencfy
checking working at 3 Mc/s and 0.1 Mc/s and provision for using
either was made., It was claimed that this enabled the instru-
ment to be used as a freguency standard or as a wavemeter. The
instrument  zlso includes an audio output meter to couple to =
receiver.

Filter Gharacterictic Taster. For the measurement of fil-
ter characteristics and for use as a panoramic receiverT, a
cathode ray osaillos;::ope with a time base pmportn.onal o
frequency and incorporating wide band amplifiers for the signal
hzs been developeds The freguency sprezd was obteined by
rotating ganged varisble condensers controlling the common beat
cscillator used for the time base and for the signal amplifiers.
The condensers are turned on a shaft driven ly a suall eleetric
motor. This speed cen be controlled by 'a simple band breke.
K ternatively, the frequency spread can be obtained slowly ty
hand operation. The totsl freguency renge covered 1ln one
spread could be varied so that a small portion of a given band
conteining a large number of signals can be displayed over the
full width of the tube (6") For a frequency range of 1 : 2
the oscillator frequency is changed directly together with the
tuning of the emplifiers. TFor greater ranges a beating
oscillator is employed. The whole ecuioment was approximately
9" x 1%" x 167 and weighed about 30 1bs.

- Paporsmic Hecelvor. A panoramic receiver based on the
principle described ‘above has also been made. This compriczes
a rotating varisbie condenser, synchronised to the time base of a
cathode ray tube which changes the oscillizator and pre-selector
{if regquired) frequency over the required range. This is
followsd by an 1.F. smplifier and detector, and the signal is
paEsed to & cathode ray tube.

A stendsré receiver is used in conjunction with the

Penoremic Receiver tuned menuezlly to obtain the modulation of
the signal being received. )

The Panoramic Receiver now useg two L.F. chanmels and two
mixers both fed from the scarming local oscillator. One channel
receives the outside signal as described, and the other signel
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comss from the mamally tuned receiver local oscillator.
The- I.F. freguencies are arranged so that the menually tuned
 reéelver pre-selector frequency is synchronised with the same

signal on the Panoramic Receiver. The output of- the secondary
channels is fed to the C.R.0. gontrol grid and is phased %o
brighten the spot at its response point. It thus indicates
the tuning position of the mamual recelver relative to the
Panoramic one.

For indiceting the characteristics of filters over a
given frecuency renge, the output from an oscillator rich in
hammonics is fed through the filter and the output from this
filter is applied to the vertical deflecting plates of the
oscillograph. As the time base sweeps over the frequency
range, thée vertical deflection is then inversely proportlonsl
to the attenuation of the filter.

The same apparztus can be used for displaying the
harmonics of a generator and for this purpose the time base
swing between 10 - 150 Mc or 100 ke and 10 Me is employed.
Dr. Kroebel stated that this arrangement could be used to
resolve the components of a frecuency mocdulated source.

In zddition tec the sbove, Dr. Kroebel had developed
epparatus fgg the Fourder anzlysis of a pulse using a pulse
width of 10 SECONCSe

pr. Kroekel was requested to provide detsiled reports
ont all this anparstus.

(5) 'EGT'Man & B;:E“ﬂ F'L"w ngijazz .

Interviewed Mr, Muller. Fe were informed thet no new
developments had been mgde during the war and examination of
the factory confimmed this. Only 1,000 employees out of
5,000 are now employed &5 70% of the works was destroyed.

Ie he scale marking methods employed were
examined snd the device was of interest. It comprises
essentially 2 rotetirg tzble on which the dial to be merked was
held, This table had a quadrant fixed to it, adjusteble for
pre-setting. This quadrent had a finely divided scale in
Gegrees and fractions. Radiating from the centre of the tabl
were a mmber of am. wnich could be clamped to the quadrant o
a given angle, a pointer being provided to show the position.
On these arms free sliders are fitted with & socket in each.
Into these sockets a flat flexible strip with plugs is fitted
at particular distesnces. The strip was divided into eertein
multiples - 5 or 16 as & rule. When the ams are set to

i B
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pre—detaminad angles t.he strip tekes up a shape, corresponding -
to the law of the scale, and an am ie fitied which is located in
the &lot and rotates the scale to the required angle. . A pen of
the mechanical drawing type is arranged on a paraliel- ‘motion
travel mechanism and a lifting device operated by one control
twisting for 1lifting the pen and pushing for traversing it.
Stops were fitted 1o enable different lengths of line to be
crawm. Calibration of the ccales 1s done ageinst a standard
degree scale and the resuits noted on & specizl form. These
scales are afterw. .ods printed with the mmerals, type mmber and
serial mmber using an offset binding press working from positive
trres  This type 18 held in & guick release type holde.r marked
in angles for fast setting.

An instrument for controlling the temperature of a furnsace
which had sume interesting features was also seen, a mmber ¢
theze KeTs being made. It appears in their laitest catalogm
and only a brief description will be given here. The temper -
ture of the furrace is read by a themmo-couple which deflects
the pointer of the instrument. The pointer carries s small .
vertical bridge which, when the temperature is correct, opens
the suprly % the furnace. The correct temperature is set by
means of a self balaucing petentiometer, the mill point being
controlled by a subsidiary pointer capzble of be:r.ng setab eny
roint on the scale of the instrument and carrying contacts
agscciated with the supply to the furnace. The upper edgs 6f
the bridge carried on the temperature pointer engages with these
contacts when it comes into the desired control position.- The
mechanism which actuates the controlling switches consists of a
thin strip of metzl which is bent to conform with the scale over
which the pointer moves and which is contimuously being raised
and lowered by means of a synchronous motor mechanism. When
it is raised therefore it engages the lower edge of the pointer
bridge and pushes it upwards a2 small emount by bending the arm.
¥hen this bridge is directly underneath the controlling conteact
thie is operated every itime the lower metal strip is raised.

In adéition to controlling the supply to the furnsce at sn even
‘value, tnis value can be varied throughoul any time period
required since the subsidiary pointer carrying the controlling
eontacts is capatle of being moved over -any portion of the

scale by meons of a rocker amm travelling over the profile of

& cam alsc driven by a synchromous motor. Thus the cam profile
being cut to give the raznge in temperaturs desired overgly time
peried, the temperature at which the furnace is controlled
verdes with this desired curve. Alte_ma‘blvely, 1if the desired
Fariation in controlled temperature is not repetitive, -an endless
band, whose profile is-that of the tempersture variation required
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is passed through the lnstlmant and’ the aemating am i‘ellows
this profile The instument is, of course, generally sult-
able for ccntmlu.ng many other supplies. ,

An electmstata.c voltmeter reading O - 2.5 kV was seen
in which the movement of the pointer was controlled by a light
vane normally suspended csnbrally betwesn two ulatas, one &
shield and the other %he 9. pisie. ﬂgg&_,z;x&g,,,,;u ¥hen
the volbtage is applied the vane is attracted to ope gide and
through a normel link mecheniam its mgvement actuates the
pointer. HMagnetic c::mu:t.nrr is 2pplied to the polnter at its
bearings. The sho gz Lz inferesting. A fine brush
sovizg plate and & l1ighd spring presses on
the megnetic mp.wg vane. The moving plabe, which was of
eluminium, was supported by a hinge consisting of a fine strip
of metal clamped on %» %tha rlaie and 45 an anchor on the meter
Cbody. The upper <7 the ¢ was eppromimately 5" x 137,
I% was sﬁaﬁoﬁ what Thie instrument oouid e used-up io .!.0 kc.
A voltmeter of similer pattern sultable up o 150 volts has
glso besn made but ne model was svailable.

is ussd %o hold The

3 F
,-;,
R

i

i few thermo-anouples for msssuring currvsnis of 1 ma fo
25 ma and from 5 ma mec.rdu wers Sean, t‘leae being enclosed in
2 gless envelope snd with indirect heating for 1 me t0 25 ma
and d:.r«*)ct heating for 25 ma upwards. The fim has no
facilities for mading these zcuplss now and the last batch
wes daved August, 1344,

(6) Seebel Villingen.

The S+4.3+4, Forks sre still memfachuring a bmadca.,t
receiver of pleasing sxierior appearance bud with no feature of
any speclal intersst. The ganged condensers are conbrolled by
a-tuning mechanism which had been deeigned to spread the band
evenly over the scale, such that & given a_ngu,.ar movement of

the tuxdnz Enob produesd a different angaiar movement of the
condenser over its Tange. See Fig, 8. ha sondensers are
well made with calit rod dnsulaters betwsen the fixed and
moving vanes consiting oi‘ small pillars pressed into the hous~
ing.  Conbacts between the moving vanes and the housing were
of silver working cn 2 bropgze plahe.

u W

In . instrument for testing coils for short ecircuited tumns
- consisted of two balanced coils fed from an oscillator via a
coil placeﬁ centrally betwsen them. By bringing up the coil
under tess to one.of the balanced coils, the circuit was thrown
out of ba.l.am:e and a voltage produced wnich was in turn used to
'llght up & ssries of neon lamps. The mumber of lamps 1it
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- indicates the degree of -the unbalance,

condengers. These were not tested for law, but matching was
carried out using the centre condenser as standard. The
method used had oscillators working at 3 ke/s tuned by the
condensers under test. Any frequency difference produced as
the condensers were rotated was detected, amplified and the
output indicated on a neon. The accuracy required was 0.%.
The centre condenser was then tested for maximum capacity
using a % ke/s bridge, balance being indicated on a neon.
Balance was cbtained by a stud swiitch which had 21 studs marked
0-10, the centre stud 5 being exactly correct. = These studs
were 0.25% apart. In practice the centre section of the
condenser was tested, and the stud mumber written on; for
exemple - it the balance point came at 8, that rumber would be .
used.

Induectances were tested in the ssmme way. It was
arranged that they are mariked in the same way and were
employed in practice by wusing an 8 condenser with a 2 coil
or a2 5 condenser with a £ coil, etc.

v - - . -
Y {4 -

Another piece of apparatus developed by this fim was an
automatic power fzctor measuring bridge by which a condenser
under test is compared with a standard condenser and the meters
read directly the capacity difference and the power factor.
This instrument could measure the power factor and capacity
of condensers from H0 pF to 0.5 mfd. and the freguency of the
oscillator employed was 800 c.7.s.

The Director stated that only 5% of the factory was woriking
although they apreared to be rapidly repairing thelr machines
end had a good stock of dies and press tools.

(7) lauophon, MNurembors.

This firm was making a cheap recelver and carrying cut
repair work. There was very little of interest to be seen
and only a smell portion of the factory was in operation.

They have & licence for meking refrigerator:s but cemmot obtain
the materiel.
& il ‘N

(8) e G e L - ’

Thic firm appears to expect investigators to call and has
set out such instruments as they wish to be seen in a room for
this purpose. There are, however, only thelr standard lines,
most of which are well-known in this country. Dr. Hohde is
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obviously reluctant to divulge all his lLatest dezigns and
admitted that he was holding these back until he could once
again market them as a business proposition. Since this fim
is in the U.3. zone and the American autherities tend rather to
complain that investigoting teams are upsetting production,
little could be done to go more deeply lnto the labest develop-
ments of the factory. It is sugge-ted, however, that such an
investigation should be carried out with any compulsory powers
that might be necessary.

Thelr quartz clock was on view and was seen copcerating in
the laboratory. A short period accuracy of 10-/ and a long
period aeccuraecy of 10-C is cleimed for this gear. It is
housed in a bay of standard width snd 9' high contalning all
the supplises, standard crystzl and 1000-fork. The prineiple
is the control of a 1000 cycle fork by means of a 100 kc
crystal. The fork is maintained by lts owr oscillavor at
approximately 1000 cycles per second by means of a coil placed
outside the tines. On the other side is a pick-up coil and
between the tines is a third coil. The pick-up coil carries
the fork frequency to a series of multiplisys where it ic multi-
plied 100 times and combined with the output of the standard
erystal oscillator, Thus, when the fork frejyuency changes, a2
" beat note is produced which is rzctified and the rectified I.C.

passed back to the coil between the tines which introduces
" damping and so regulzbes the frequency of the fork. Steady
D.C. is nommally passed throuph thlis coll so thet 1if the fork
frequency is low the current through the damping coil is
reduced. The 1000 cycle output of the fork is also used 1o
drive a phonic wheel at 600 r.p.m. on the shaft of which is a
50 cycle generator. The %0 cycle supply is then used to
operate the mains type of electric clock. In addition
through reduction gearing a cem is driven round which
actuates a contact once a second. This contact can be moved
round the ocam vhaft =o that the actual time at which the
sontact i8 made can be advanced or retarded in relation to
the phase of the %0 cycle generator. Thus a series of
impulses is obtained and used to trigger a thyratron generating
pules. For compzrison with a standard clock giving similar
impulses the two sets are combined togebher snd passed in
opposite sense through a meter. If the two sets of pulses
start exactly together the meter is not deflected, bubt if one
is occurring slightly before the other, then there will be
deflection of the metsr either positive or negative, which
can bs corrected by moving one of the contacts relzative to
its actuating cam shaft. Since one complete rotation of
the contect corresponds to a second difference in time between
the two sets of pulses, the amount of rotation recuired to
bring the twe sets of pulses into synchrouism can be directly
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neamx‘ea &8 a 'b:.me internl and thus ag one clock gains or
loses on the vther, the amount of ‘gain or less can be read ag
se many Lractions of a seconds . The contrel of the gontact can
be elther by ‘kand or via relays which sutomatically eorrect the
clock under-test.’ Counters are fitted to these relays, the of
whioh veads Tfast! impulses and the other 'slow! impulses to
show how the test clock is performing over a péilod. The .
ctystel was of the bar type suspended between solid contacts -
:m‘ an evacuated glass envelope., It was in an oven controlled

5900 to an occuracy of .001°C, The fregquency variation was -
lO“ per .01°¢. & crystal clock of this type, which is
§C/21-01 9ype CFQ, has been in operation for some Years in the
cellars of the fimm and has been regularly compared with the
standzrd time emissions from other countries.

A hamonic analyser, mains overated, zgpahle of measuring
I"'IZT[OIL».CS between 50 eycles and 15,000 gycles- wmﬂrlno on. the
crystal gate principle was seen. It had an unususl feature
in that a logzritimic emplifier wes used and the scale of the
indicating instrument covered three decadss. This mezns that
an analysis can be carried out without the necessity of readjust-
ing the gain of the voltmeter for each harmonic messured. This
provides for an analysis down to 0.2 and is satisfactory fer
most purposes. The range could be varied so that the reading
of 1,000 could be obtained with either 1, 10 or 100 velts.
Alternat;l.vely, by the opersbion of a s..n.tch the meter could
be made linear and a direct reading of the voltage under test
obtained.  Another interesting feature is that the gate
circuit uses 2 15 ke/s crystal instead of the usuel 100 ke/s
making it much easier to obtain the required selectivity.

This zgain 1s described in the fimm's catalogue.

FuM, — A.M. Sicmal Generstor. Thers was s fregquency
modulated generator operzting between 20 and 200 Mc/s with a
deviation of + 100 ke and a modulated frequency betwsen 50 .
and 100,000 eycles. The maximum modulated generator is
described in the leaflet Neo. B.N.4140 which jalso gives the
gpecification. It follow generzi F.M. generator practice,
deviation being kept constant from range to rahge by a resis-
tance which is switched into position, ganged with the ecoil
drum. A variazble resistor is geared to the condenser drive
by wires which keep the deviation constant over the range.
The main drawback of the unit is that the output is measured
before the final amplifier valve, and therefore assumes that
the gain thyough this clrcuit remzins constant for all fre-
quencies and, what is probably most sericus, for all vslves.



Lnnedance He g L No impedences Dmages
ot -my oort weTe found. Prro models of tuned circult impedance
messuring devices were seen and covered respectively 100 ko/s
to 10 He/s, and 10 ic/s to 100 Me/s.  The circuit is rela-
tively simple and is shown in Fig, 7. Ln is actually made
up of ten switchable coils and Cn is-a single &irv tuncabls _
condenser. . The system of measuring impedance is to place the
Unknovil across X, close & aud fune Cn for resonance, s
indiceted on U, Then \T’Iy K to bring U to cenive scale.

Now open S and retune Cn t¢ resonzhce. From this the change
in capzeitySln can he found and there fore the impedance lhs A
Cn. = For these measurementis R must be set to mexdimum. For
pure resistance measurements, the sbove is repested except
afber return *xrqa to :esonance, R ig varied 10 bring the meter U
back to centre scsle. R is celibreted in olms and is read
directly. Depending dm the frequency used the following
figures can be obbtained:-

S8 L Set 11
Frecuerncey 109 ke/s — 10 Me/s 10 Me/s - 100 He/a
Copacity 5 - 1100 pF 0.5 - 80 pF
Incduetance 0.5 uH - 50 mH 0.05 pH — 50 uf
gigbance 1 K~chm - 200 M-omm = 1.0 E—cimn - 10 NM-oham ‘
(9) Light Techmicel Yrnstiiute, Kerls

This was a part. ef‘ the Karlsruhe &mversa.ty but when
visited had besn bedly damaged end ho work was being cervied
out ALt thzt hed been salveged from the lsborsicry wes a
mmber of fsci insbruments & mh ag uped for student demonstra-
tions and there wos nothing of intersst at =1l.

{10) Ksiser ¥ilnelm Tostidute  Stybteact.

The O?Ié“inﬂ zodress of this institule was treaced sad
found o be in the cenirs of a very badly bombed area. There
rac nd evidence of any work belng carried out and no respon—
zible percon could be located. It is possible that the
Iﬂutl{} te 15 carrying on at another sddress but shere was
insufficient time 40 carry out the necesssry enguirises.

(11) Siemens & folske, Berlin.

br. Hoffmann seid thet their gpeclaliste in H.F. peasuring
irstruments were Dr. Thilo and Dr. Kuhlmen, who were at present
in Munich, The mamifacture of instruments ig rertly at Munich

and partly ai Derlirn. Dr. Thilo was fortunately on o visit to
Berlin end was able to explain the eperation of =ome of tinelr

instruments,.

S‘l—a

Out of their originelly very comprehensive range of
im,trumanuu, eome of winich are still being made, they have a
short list of instruments which have been developed during the
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war, and the instruments of infercst to thic teem were dis-
cussed. Theres ars e number of signal generators of rather
cheap constructicn, also & eignal generator frequency :
modulated znd one giving an output of 0.1 microvolts to 100
microvolts with a frequency up to 00 Hc/s; o resistance
attenuator which is good up to 100 Mc/s, having an input
impedence of 240 chms and an output of 60 chms; a diode
volimeter for use at 200 Mc/s; a cavity resonator used for
power factor end capacity measurements; an R.L.C. bridge for
measurezents up to 10,000 cycles; a low capacity measuring
bridge; an indicator for drawing response curvec of fllters,
etec.; a scries of L.F. instruments used on ielephone and
broadcest transmitter programme input eguipment. The pulse
generstors and the 1ike sre being developed at Asche and a
voltege messuring set 10 - 1,000 ¥e/s.

Higk Frequency Bridee. An interesting descripiion of -
an H.F. bridge suitable for operation on freguenciss between -
0.1 and 20 M¢/s was given, two medels belng developed, cne
capeble of measuring from 100 cims to 2 megohms, and the
other from 0.1 ohms to 100 owms, with sn overall accuracy of
%. The stenderd resistance elements in both these models
consicted of & resistor having o negotive temperature
coefficient in the form of & bar 2 o long and 2 x 5 ma in
section. This resistor has a resiztence of 100 obms between
the 20 snd 2 mm faces and 1000 oihms between the 2 and 5 mm
faces., It is composed of a molecular mixture of nickel-and
cobalt oxides pressed into the svove form and sintered at
10009C, Cornnections are made by painting silver sclution
over those faces giving the reguired resistance and tiis is
‘fired at 800°C. Comnections zre then mzde dirscily to- $hese
faces. The whole is included in a glass envelope. The '
charseteristic is not streight but is of the following form:-

Temperature Temperature Variatioa
200 - %
2000 . - 3
2000C - 1%

The variation in resistance is therefore obtained by pazsing

a 50 cycle current through the resistor and varying thie heating
until the H.F. side of the bridge is balanced. The bridge
itself consists of four equal condensers each approximately

500 pF and which cen actually be varied independently. —fma
Tig.18. They are, however, nommally set to fixed values to
make the range of the bridge easily calculable. The unknown
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is placed across one condenser and the standserd resistor
across the similar condenser acrocs the other amm of the bridge.
A hesting current is applied via chokes and is obteined from zn
amplifier. The heszting current 1g applied zcross a subsidiary
bridge circuit of 50 cycle design, one zmm being the standard
resistor end the other three zamms being ordinsry 0 cycle type
registors. The amplifier zpplies a volisge across one
diapgonal and the outyut from this subsidizsry bridge 1s taken
back to the emplifisr snd controls its gain. Thug should the
50 cycle section of the bridge be out of balance, the gain of
the emplificr is grestly reduced but the sensitivity at the
mll peint is at its mesdmum. By means of the ratio arms and
the 50 cycle belsncing resistor, the effective resistance of
the element in the H.F. bridge csn be messured to an accuracy
normally obtained with 50 cyele techniques. On the H.F. side
the measurirg frequency was injected viz one of the series of
ingut trensfommers in the original form and the receiver had
one side esrthy and thus the bridge was earthed on one diagonal
to which slso the unknown impedance wes connected, which
indicztes tnet 1t was suitalble for measuring unbalanced
impedsnces only. he resistence gives a renge of 10 ¢ 1 and
by altering the ratioc of the bridge condencsers the ranges
ctoted a2bove could be coversd. It was pointed out, however,
that for the low valucs of resistence, 0.1 - 10 ohms, the
ctendard resistance was placed in serles with the condenser
insitezd of in perallel. This bridge is not being made now as
it has proved too comnlicated for their present facilities but
they have in mind a develepmeni which will eliminate the input
transformers. Modulated H.F. is here fed through the bridge
znd the detecltor conzists of 2 crycstal azctually wired in
circuit with the bridge, the output belng tsken from it
through chokes. Thus only the modulation of the signel is
usged for detectlion purposes znd no H.F. connection cables are
required.

Low locs resonance circuits under the code Nos. ENIWZ407
suitable for operation up to 800 Mc/s have been developed on
the cavity resonestor principle and were tuned by squeezing in
the waist between the two cavities., This has been developed
for use as an instrument for comparing ecapacities and power
factors of condensers.

Frecuency modulated signal generator 30 - 700 Me/s,
Code No. REL,ENTW,.2556, deviation %0 kc. The oscillator
worked on the Lecher wire principle, the wires belng terminated
in capacities. Across one of these a reactance tube was
connected and the modulation applied via this tube which
, varied the effective capacity terminating the Lecher wire and
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was swig with fregquency over the resuired deviation. Tt is
understood that this arran gaﬁsnt wrk&d in the labore.'bory but
up te the time they stoppsd developnm taelr production models
had glven s considerabls amcu:r af Tw

The mein signal generator was fELSEND. 2009 and oscillated
between 5 and 0 Mc/s giving an outpus varizble between 0.1
plerovold and 100 volis inie 0 chms.  Sultable for local
moduniabion a2t % at 1060 &rcles =ud ».'s:,:a:ewaii. modulation from
0 cycles to 2 Me/s. This was dsvelups

Varieble low pass _Ailters
0 ke to 26 He, and 20 Mo and
vary the mever eub ¢ff fraguen:

During the course of the éis-zuss:.ar«; E*:'a Fuf mentioned that
& programge line For television becwesn Beriip and Hamburg, and
Berlin and Munich had been instell e for frequencies up

to 4 Me with repeaters every U to¢ &5 llomebres.

The Voltage measuring sei 18 — 1,000 K.C/S, REL.MSE, 1674,
voIKs on the compardson metncd, ths volt under test bez.ng mixed

with a standard frequency and ©
either of thres represeniative

beat compared with
10, 20 and 100 Mo/s.

5
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Pr. kaf knew nothing sboul the ceniimetre band develomments
which wers handied by 2z Hevrr Sshudosers I— WETET, llt,era,ture on
two U H.F. instroments was asked 4o be avooustzd.

{(a) & magnetron low power cseilisitor variable between 22
and 5.5 cus.

(b) & series of Ho¥. cavity wevemebtres consisting of 6
silver platees plates screwed together and a very fine calibrated
screw thread for the plunger (Sge Ts. 157. The largest of
these coversd the band 9.4 - 7.5 cms and & series of them was
capable of completsly covering tne rsgion from 9.4 - 2.7 cms.

C=]

N

Dr. Thilo then went on fo discuss tne work of Siemens on
the development of the cavity resona ‘tei", In 1937 they developed
the toroidal brass cavity which coulf e used as an effective low
loss oscillator down to =5 -cmuw _.c. consisted of a hellew brase
doughnmut with the imner bﬁc.- cined by bmo parallel plates. The
separation of these tlates al 'ce red thsir ce,pa.\_n.ty end bence the
frequency of the oscillater, Xu ...__s namer tunlng was per-
formed by means ol a plunger pusiiig ane 6*“ these plates.
Excitation and pick up wers usually raed by loops alb
diampetricelly opposite pointe in the dovghoat.
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A unit for measuring R.F. voltages of from 10 - 1000 Mc/s.
It wes a_ comparison method consisting of z heterodyne receiver
vith an 1+Fe of bandwidth 100-400 kc/s. The oscilletor supplies
frecuency from 10 - 20 Mc¢/s end they use up to the 5th harmonic
to get to 100 Mc/s and another coil supplies 100 - 200 and again
the 5th harronic gives up to 1000 Mc/s. The input and the
amplifier must be flat over the band and the oscillator voitage
must be large compared to the signel. For measurements, the
unknown is fed in and a reading teken, then this is compared to
a calibrated internal oscilliator at the same Frequeney snd hence
the voltoge ic debemmined.

Documents

Scme notes prepared by Dr. Meinke will be lodged
with Board of Trade, German Division (Documents Umit},
Lansdowne Houss, Berkeley Square, #.l. Tel; Grosvenor 4060
Ext: 2923. All applications for permission to inspect these
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