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The development of the Synchromising Device,

I. The problem:

The probles suboitted wis as Tolloos:
In long-distance telegraphic traffic using sutomatic letter by latter
synchronised cypher machines, special difficulties in working are en-
countered as the result of interference impulses in the lines of com-
munication (L/T and especially i/T) frequently cagsing the gypher mach-
ines to slip out of synchronisation betweon the transmitting atations
and the receiving stations. is the re-setting of a gypher machins always
tekes a certain amount of time, valuable time is lost as a result of
these interruptions. An apparatus is therefore to be evolved which will
prevent the de-synchronisation of ths cypher sschines and is especially
suitabls for use in connection with &/T.

The solution:

The exact synchronisation of the recsiving oyrpher machine with the
tranamitting oypber mwachine is achieved by keeping the transmitting and
receiving - qrpher machines synchronised by providing each with its own
quartf-crystal controlled drive, vhen truffic commenccs, both cypher
machines are atarted by an impulse given by the transmitting side.

II. ethod of working:

1.) The transmitting station asks the recelving station by morae trans-
mitting key whether it is preparsd to receive,

E.} The gypher machines are then séet in the prescribed starting poal-
tj—m]'

3.) When the receiving station has everything prepared for working, the
receiving station asks the tranamitting station to transmit the
"gynchronising signal®,

L.) The transmitting station actuates the "aynchronising signal™ and
control impulses are transmitted.

5.) The receiving station brings its machine into the correct phase
position with the transmitting machine.

(a) Coarase adjustment; The receiving mechaniam is brought into
the correct phase position by meana of a press-button control.
Lagging behind or straggling shead are indicated hy respective
glow=-lamps, which fade out when the correct phase position ia
reached,

(b) Fine adjustment; Ry moans of the same preas-button control,
an ammeter with its sere in the centre im sst to "zero", The
same phase for the control waves between the transmitting sta-
tion and the receiving station ia thus achleved and a start ocan
now ba made.

6,) The recelving station now maka the transmitting station by means of
the morse transmitting key: "Plesase send the 'advanos signal'."

7:) The tranamitting station actuates the "advance aignal" switch and,
after the third of such signals, which are indicated by the lighting
up of a glow-lamp, puts the starting switoh over,

8.,) After the third lighting up of the "advanoe signal® lamp, the re-
caiving station likevise puts ita atarting switeh over.

9.) When the starting switch is put into operation at the tranamitting
station and at tho recelving station, the tranamitting and recelv-
ing cypher machines are started aynchronocusly by means of the trans-
whtting mechanism at the transmitting station and the receiving
mechanism at the receiving station, which are already running syn-
ohronoualy: The ling is thus rady for working in ona direction.

To achieve a synchronised atart in the other direction of traffin.
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The develuptent of the Syncheondaing Device.

I. The lam;:

The problem subrditted wia as follows;
In long-distance telegraphic traffic uszing automatic letter by lstter
synchronised gypher machines, special difficultliea in working are en-
counteared as the result of interference impulses in the lines of com=
municstion (L/T and especially J/T) frecuently ceusing the cypher mach-
ines to slip ocul of synchrondsation between the tranamitting stations
and the receiving stationa. 4a the re-settling of a gypher machine alwsys
takea a cartain amount of time, waluablo time io lost as a result of
these interruptions. An apparatus is therefore to be evolved which will
provent the de-synchronisation of the gyphar machinos and is especially
suitable for use irn connection with &/7.

Tha solution:

The exact synchronisation of the receiving cypher machine with the
transmitting oypher machine is achleved by keeping the tranamitting and
receiving qypher machines aynchronised by providing each with its own
quartz=crystal controlled drive, When traffic commencos, both cypher
machines are started by an impulse given by the transmitting side.

II. Jathod of working:

1+) Tha transmitting station asks the receiving station by morss trans-
mitting kay whether it is prepared to reccive.

2.) The cypher machinea are then set in Lhe prescribed starting posi-
tion.

3.) When the receiving station has everything prepared for woriding, the
receiving station aaks the tranamiiting station to transmit the
"aynohronlaing signal®,

4e) The trensmitting atation sctuates the “synchronising aignsl™ and
control impulses are tranamitted.

S5.) The receiving atation brings ites machine into the correct phase

ition with the transmitting machine.

ﬁ Coarse adjustment; The recelving mechanism is brought into
the correct phase poaition by means of & press-button control.
Lagging behind or atraggling ahead are indicated by respective
glow=1lunps, which fads out when the correct phase position is
reached,

(b) Fine adjustment; By means of the same press-button control,
an ammeter with ita mero in tho centre is set to "zero®. The
same phase for the control waves between tho transmitting sta-
tion and the receiving ntation is thus sohisved and a start can
now ba mada,

6.) The receiving station now maks the transmitting stetion by means of
the morse transmitting kay: "Please aend the 'advance signal', "

7.) The transmitting station motuates the "advance signal" switch and,
aftor the third of such signals, whioch arv indicated by the lighting

of & glow=-lamp, puts the starting switoh over.

8.) tor the third lighting up of the "sdvance signal® lamp, the re-
ceiving station likewiss wuts ite starting switoh over.

9.) When the starting switch is put into operation at the transmitting
station and at the receiving station, the tranamitting and receiv-
ing gypher machines are started synchronously by means of the trans-
witting mechanism at the tranamitting station and the receiving
pechanism at the receiving astation, which are already running syn-
chronously, The line is thua ready for working in one direction.

To achisve & synchronised start in the other direction of traffic,

the process is repeated, the receiving station taking over the trens-

mission and the tranamitting station the reception. Every synchron-
ised staticn thus cnnzlats of & complute tranamitting and receiving
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ITI. Dascription of the construction of the Synchronised Teleprimkor
Tnetallation.

i) Transmitter, (Fig. 1)

Synchronisation between transmitter and receiver domands that
the teleprinter sipgnale trangmitied should stand in correct relotlon-
ship to the current impulses fixed by the synchronisation. On the
other hand, it must at any time be possible to transmit by hand on the
trensmitting teleprinter, series of letters; figures or signals strung
together at will., This reguirement is satisfied by using a doubls
aollector, which Is loaded by the teleprinter impulses coming from the
teleprinter (Fi) or the sutomatio tranmmitter (A3) and whose triggering
is controlled by the transmitter distributor (SE) by means of synchronised
CAMB.

In principle, the following miy be said in oconneotion with the
triggering of any givan teleprinter mesasge:

If the signal is synchronised with the "SK", it can be triggered
straight away, If it lags bshind in point of view of time, it must be
stored up until "SK" reaches its starting point again and undertakes the
triggering. Care mus% be taken that no further signal enters the apparatus
while the stored signal is being triggored. The introduction of a double
colleotor is therolors unavoidable, This double ocollector consists of two
pats of five telegraphic relays,

Through the start-stop distributer (PX), 10 msec are sorted out
from the individusl ourrent steps of the teleprinter sighala trensmitted
grnd fad elternataly to collsctors 1 and 25 The "PEY ghalt is driven on
the start-stop prinoclple via a friction olatch, The preparation for and
the commencement of the triggering of the collector releys are effected by
"PEY and "SK". As soon as the first signal impulse is atored up in the
ocollector, the trigmgering of the collector is prepered im "™, "3K" can
then trigger the collector synchronously and pass the signals into the
aypher machine, whenoe they ore transmitfed encyphered,

Ba) Receiver., (Fig, 2)

The recsiver ploks up the incoming aignals and starts the “PE"
system, which is driven through a friction clutch and distributes the
incoming teleprinter impulses to the colleoctor "A",

The gynchronised distributor "SK" passes the stored impulses from
the sollector sgynohronously to the oypher machine, where they are degyphered
and oollected in the additional colleotor of the receiver,

The additional collsctor of tho receiver; if the tranamitting
teleprinter (FiI. ) is at "stop", the transmitter sends gypher text, On
deayphering, five blank signals result. The receiving teleprinter (F) "E_]I
would not, however, remain at "stop" like the transmitting "Fiis", but
would be oonstantly started and stopped without, however, recording any
gignals; the impression is gliwen that the machine 1s running continuoualy.
The "FM:" should behave exactly the same as the "FiL", Tt ghould furthep-
more be posaible to send two-smy traffiec, 1.6, it mist be possible to trans-
mit and receive alternately with one machine, The switching-over of tha
machine from "Transmit" to "Receive is to be automatio ond depondent on the
inooming signals, As long as the text is cdoming in, the machine is to be
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switohed to "Bsocedvs®, but aa scon as consecutive blark signals arrive,
the machins is to cut out reception end be ready to transmit, The
decision es to whether text or blank signals are being received can,
hosever, only be made after the fifth signal, as the ocutting=cut and
switching-over can only come into effact if all five aignals are blanks,
Therefore, the signals in the reosivar, alfter deqyphering, must cnoe
more be colleoted and triggered, This task is taken over by the
auxiliary ccllector tossther with tha distributor "SK5",

).  Synchronisstion,

On the synchronising switoh being put over, the tranamitter sends
& complete taleprinter signals without ourrent and cne with ourrent, This
procedurs s repeated periocdically,

0)e QOoarss Indicatlion (Fige 3), Tho signal with ourrent serves as a
ooarss indiea®ion. The receiver is eynuhronised with this signal during
the starting period., The storting period lasts 1050 mseoc, This period is
negueasary in ardor to ensure that the starting switch is turned on for
starting. Two glow-lamps serve as indiocators and heve to be oxtinguished by
moans of the phass reguloter, which is effeoted by "blacking out" the whole
signal by means of cams 1 and 2,

b). ine indication (Fig. 4). The fine indicstion cnables tho yhase %o
be apcuratoly adjusted, For the purpose of measuring the phese, the falling
slde of the stop of the innoming signal is comparsed with the falling side

of a signal prodursd in the reosiver, which hac been moved through 180
degiees. By altering the sides, voltsge-piuks ers produced which control
two saw-tooth gemerators. A moving coil m2ter indicates the direoct ourront
componunta botwoen the two genoretors and this is the measuremont of the
phase deviation between the transsitter and the receiwer,

D.)  Bterting.

By switching on the "advenco slgnal™ switoh, the atop signals cecse
to be tranamitted, The complete signsl of 115 msec is now only sent out
every 1050 moeo. After the advonoe signal lamp has been 1it up three timse,
the starting switch is actuated in the transmitter and in the receiver,
Actuating the switch ia only a preliminsry teo starting., The aotual start
in affooted by teo paralle]l cams of 1050 and 150 msec duration,

lr} E!“ [mi 5:'!

The following i used as the rugulating principle for ths synchronised

drive; Periodic loading of a single armaturs trenaformer on its slip-rings
by means of & thyratron switoh., The thyratron switch is controlled by the
quarts frequency of 83 Tﬂ, 08 obtalned by freguengr division.

To synchronise the motor, the latter is overexcited on being switched
on, The exoitation declinpea alowly, thus causing the number of revolutiona
to rise slowly, After the nominal fumsber of revolutions is renched, the
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podulator indicates a fraquency of sero and the excitation then remains constant,

The modulator compares tha frequency of Bj"ﬁl Cs derived from the
quarts with the frequenoy derived from the motor. both agree axactly,
the value of tho matohed exciter current is maintained vis the starting
arrangemant and the excitation remains conotant.



IV.  Zeohnioal pats.

1. The synohronising installation is dsaigned for voltages of 110 - 250
volta, 50 gyolea.

=
2 whan working from 220 volt mains, mains voltags fluctuations in the range &
170 = 250 volta are automatically smoothed out for the apparatus, F
:
5 The telegraphy code oan be arranged for 7 or 7. In one direotion, there- ‘% ;
fore, output is sbout 500,000 letters per day; with four-channel working, there- *3_'5
fore, it would thua be about 1,000,000 letturs per day for both directions, : o
L. The engphering apparatus is designed so as to be capable of being removed r~ 5

separately, so that it ocan be changed as ocoaaion demands, For experimental
purposcs, ths gypher drums (which are well known from normel teleprinter operatic

from the gypharing attachment of Licssrs, LORENZ of MIlhoussn, wers used, rray

The firm itaelf has also mads attempts to improve the eypher mashine, but the
axparimants vould not be complstsed owing to the war.

B 2 The acouragy of the cuart2 control is of the opder of magnitude of
107" /ape. The synohronising apparatus oan run for 10 te 12 hours without
reciprocal phase comparison, without falling out of step during that time,

Y General foacts in regard to the synchronising installatiion:

Tha synohronising installation can ba used for two different types of work.

a) As en independent line, traffic passing only between one #/T statlon
and enother,

b) 4s part of a telsprinter network, vhen for instance, a /T aynohronised
lings is awitched into a normal 1/T teloprinter network, In thia
onse, the synchronised line would be conneoted to the T/P exchange
by means of the four-channel systam.

2s The synchronising installation is to a large extont completely automatio
anpd therefore requires only & very small staff of operators, 1 to 2 men suffioing,

% As the aypher machines are running constantly in the synchronising installs-
tion, they tranamit pure oypher during the timea when no teleprinter signals are
being =ent, Peak periods or slack periods of traffic cannot therefore be recog-
nised by studying the W/T treffiec, as the traffic is camouflaged,

ke The synchronising installation permits the use of uny medulation processes
that may be desired for W/T transmission. The keying relay of the synchronising
installsation supplies double current,

V1. State of development,

As regards the development of "synochronisation®, at the beginning of 1945
there wos & complete link consisting of two stations equipped with the usual
normal telsprinter gyphering attachment for experimental working. The link
worked betwean the FEUERSTEIN laboratory at EEERMANNSTADT and the experimental
post of Professor VIERLING at WENNEBOSTEL near HANOVER.

During conveyance from VENNEBOSTEL via PLANKEN/LAGDEBURG to hers, a ooue
plete station (including a large number of constructional documents) was loat aa
the result of aerial attack on the arterial road near HERMSDORFER KREUZ, so that
only one station is available at the moment.

After replacing the lost apperatus and o brief, final periocd of experi-
pental working, which has not so far been varried out owing to lack of time, the
develoument of "synohrerdestion” would be complete and it could then be turned
ovar for pasalblo mamastuze,



_hrtilicial Spegnh’ apparatus

The Problem:

The problem was to develop an apparatus for telsphonilao
snoypherment which could alsc be used for W/T. It is therefore essen-
tigl, under gll giroumstances, that a constantly verying oypher in
avallabla.

Begerding the basio principlss

5£is we had had no pravious experisnae that would help to
solve this problem, wa decldad at first to evolve individual components
from which we gould build up an ®unorackable® apparatus. It then
ooourred (0 us that the suggestion put forward by H. DUDLEY of the
BELL TELEFHONE LaBOHLTORIES offered considarable prospeocts; this sug-
gestion involved the aplitting vp of the speech into its individusl
chareateristios, shleh ars then fronsmitted by ssl=cted ocarriers.
The speech is afterwords artifieially reproduned in the rn..uenar by
poatrolling these cherecteristics. This apperatus would net, of

gourge, provids absolute enoypherment, but oclr sarambhiing. & Ao-oallsd

channel-gargmhling, L.e. g periedio ¢r peromnent variation of the
assignment of the individual carrisr fregqucnoies to the oharacteris-
tios would also fail to produse & real enoypherment. We plenned %o
carry out & total enojpherment of these charmoteristics by superimpos-
ing interference direot wvoltages similar to espeech in each channel,
compensating thees interference voltages agein in the receiver.
Furthermors, the amplitude modulation of the individeal speech chomnels
was to be replsced by frequenny modulation. It hao not hitharto

been possible, however, to tast these two methods. To put them into
exacuticon would require a considerable time for development befare
they would be ready for operstlonsl use and plans were therafors meds
to obtein an sdsguate cypher by combining artifiecial speech with
another method, that of "threes-fold wobbelating®, whioh is desoribed
in snother ssotion. In this connegtion, the oypher periocd is darived
from a telegraphio aypher which is elready aveilsbla.

Desoription of thas oconstrustion:

1) Trensmitter- The oirouit oan be seen in Fig. 6. The speech fed
to the transmitter is aplit into B freguency bands of 180 - 3060 Cs
by the band-filter (Fig. 7). The 8 partial bands thus obtained are
amplified to determine their power oonteni and reotified (Pig. 8);
the direet potentlal thiss obtained is a measure of the speech powar
otntained in each frequency band. The 8 cerriers are next amplitude
modulated by meena of these B direct veltagesn (after they have been
filtered through low-pass filters of 30 Cs esch) snd passed togethsr
to the line. The available frequsncy band could easily be restricted
to J00 - 2400 Os by choosing suitable oarrier frequencies, but this
would entall inoressed expenditure in building the carrier filters.
For the sake of oompletencsa;, it should be mentioned that we have
congtructed a laboratory model with 15 speech channels, but found out
by experiment that the quality of the speech suffers only very slightly
whan only 8 channels are used, if the frequenoy range used is the
BAME.

The transmission of s charasteristic for the fundamental
pitch and the periodic pitch fluctustions of esoh speaker are sssential
for the faithful reproduction of the speech in the receiver. During
development, the measurement of this fundamental tone caused us tremen-
dous difficulties. The smplitudes of the fundesmental tone are always
subjeot to great Flustuations and, in gome cages, are Just non-exiatant,;
8o thet they have to be produced artificially from thuir mart-:mﬂu by
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The speecch passes through & 180 = 660 Cs band filter and a
logarithodo amplifier to the froguency intermodulstor, which produces
tha fundamentel tone artificlelly by modulating several overtonss
toguther. The fundamentol tone thus produced is teken through a second
band-pase and a further erpiificr to a multi-vibrator, which transforms
the sinusoidal alternating voltages put into it into rectangular vol-
togos of constent emplitude. This rectengular voltege is differentiated
ir the impulse stage; the peaks thus obiained, the number of which is
propertional to the froquoncy of the fundamentol tone, are reotified
and unood vie & 30 Os low-pass or modulating two ocwrrier frequencies.
At Cirat sight it i4 not at all apparent why the modulstion of two
carriers shouid bte necemsary, but thia is merely & sefety measurs in
ordar to snmurs fundamental tone esontrol by the recsiver mide in the
event of the possible failure of & oarrier.

An pdditionsl diffioulty is the later inclusion of a device
for switohing over the oarrler assignment to the individual cherscter-
iation.

Booeiver (Pig. 11): The 10 ocarrisr froguencies coming from
tha line are seperated by s corresponding number of cerricr filters
(Pig. 12) end teken to the appropriats speesh or control channels. In
the ppeocch ghannels, the oharanteristies produced et the transmittor
arae rucoversd by rectifiocaticn and used for modulation with the appro-
prists harmondcs from the impulse or noiee generator. The impulss
generator (Pig. 13) surves to produse the harmonic freguenclss presant
in the epeech, whilst the nolse generstor (Plg. 14) reproduces the
envoiced, unhermonic sounds of' spesch- The carrisre assigned to the
oontrol channels are likewlse rectifisd and used for controlling ths
fundamentsl pitoh of the howonie generator (impulse generator). If
no direct voltege is present in these ohennals, the changeover switch
(Pig. 15) connects the ncise gencrator to the speech channels, whilst
on the appeerenoe of a direct vcltage this connection is cut off and
ths harmonilc generator switched in instead. The B frequenciea coour=
ring behind the modulstors in the speech channels aro token through
filters end switched in together and now form the artificially pro-
duced speech. For the practiocsl working of the apparntus, it is
necensary for both trensmitter and receiver to be provided with a
call-ghunting devics for carrying the oall impulse. In addition,
there is an indiceting amplifior behind the input amplifier of Loth
the tranamitter and the receiver in order to bte ebls to conirol the
reguisite level and set it.

Stote of the work:

The synthetio speech produotion installation is olmost
oompletea as regerds ita metellio struoture. Only the melody trans-
mitter, the impulse generator, the noise generator, the changsover
switch, the mains unit and the input and cutput amplifiers are lagk=-
ing. All constructionsl dates have boen dotermined, however, for the

components still outstanding.
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Three-fold wobbling.

As already mentionsd in the repor-t on artificisnl speech, in
obtelning en adequete aypher, ancther process was developed conslating
of the combination of multi-wobbling with ring inversion and designated
a8 thres-fold wobbling (#TV). The basic process in the transmitter
(Pig: 16) is as follows: The spevch band of 300-24,00 oycles is dis-
placed in frequency in %wo parsllsl modu atora {(Figs 17) on tha input
side by a suitable choine of carrler frequenciss, so that aftor filter-
ing out the lower side-bends there are produced tao sdjscent inverted
fraquency bends possessing together twice ths speech-band tresdth
(4200 ayclea). This new band of L200 gvolea breadth is impellad to and
fro in front of a band-filter of 2100 Os brepdth (Fig. 18) by & modu-
lator with oontinually verying carrier frequency (wobble carrier) in
such » way that a constantly chenging portion is flltered out of the
4200 cyols bend in which, howsver, all the frequencies originally presant
are still present but in a constantly changing place. Jfter th's first
wobbling, the new band of 2100 Ca breadth is split by filters into two
holf-bands ench of 1050 ayeles, each of which is separately nnd similerly
inverted end wobblad es in the first stage of the totel band. Thias
divigion into two gdjocent bends each of 1050 gyeles frequency band
breadth, both of which ere wobblsd with dissimilar wobbla satrokes, is
to destroy the spesch texture. The two new half-bands cbtoinsd ofter
passing through the second stage are agsin combined to form o total
bend ef 2100 gyocles breedth, which in ths third stage 1s onoe agsin
ring-inverted and wobbled. Aftsr passing through this stoge, the end
which is in the renge of 13500 to 15600 gyoles as ¢ result of repeated
moduletion, is redussd by further modulation to the renge of 300 to
2400 ovales and passed to the line. The Pixed ocarrier irequenclea cre
produosd in generators (Fig. 1Y) working on the principle of the Trensi-
tron circult and heving an adequete frequency constangy. The woobls
freguencies are produced in reaction generators, whoss frequanay control
for the finsl gpparetus is derived from an already aveilable teleagraph
code and is described sepsrately.

In the receiver (Pig. 20), the same precess ss in thy trans-
mitter takes plese in axactly the ruverse order. A detellad dasaription
of the individual frequency tranapositiona is therefore superfluous.

In order to reproduce the speech faithf'ully in the receiver,
it is unconditionally neocessary to synchroniss the fowr difrferont
wobble frequengies (which are oonstantly altering) in the tranamitter
and in the receiver. The laboratory experiments so far ocarried out were
at first undertsken without synchronising equipment. PFor tha sake of
simplicity, the respootive wobble frequoncies for the transmitter and
receiver were teken from the same wobble gensrator.

Owing to the lerge number of moduletipna coourring, the
highsst degres of performance had to be demandad of the Tilters employed
in order to svold sll undesirsbls modulation products. The coourrence
of geps in the totil frequency band of the spesch, which would appre-
clably reduce the quality of the speech, wes avoided by a special
artificiel circuit for steepening the sides.

an eprlier laboretory thres-fold wobbling model, built by
us with filters that did not satiafy these high demands, failed to

produce speech of sdeguate gquality owing to the frequency gsps m
leaving the receiver.
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State of the work.

The follewing ere available: Pilters, amplifiers, modula-
tors, genarators and four mechanical wouble gencratura for trenssitter
and receiver, constructed for use in ihe laboratory.

Kyaogany

aAd18sv103d

For the final desipn of the "unoracksble™ epparstus, it is
intended to uge the artificisl spesoh trensmitter as a preliminary to
the three-fold wobbling. it the input of the WIV transmitter thare
will not then be pure spesch, ns the 10 carriers from the srtificisl
speech appurctus will be fed in hare. At the WIV receiver cutput, then,
thens oarriors wi.il be taken to the artificisl speech receiver, which
traneforma thoce charecoteristica into gmthetic apeech.
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Srmohzonloing inctallation for produsing the wobble-frequeniss
for three-fold wchbling.

For spesch encypharment with *WIVY (=wobbulnted total
engyphering), four wobble frequencies must “e l:d smynchronously and
in squnl phase to the wobble spperatus =t tha transmitting ard receiving
stations. The periodic ocourse of these frequenciec must 21ffer from
sach other es much as posaibls snd ecch wolble frequency must pass
through ite enviseged frequenay range in ‘dw moat dlscontinuous way
possibla. This tesk is solved in the following wey (Pig. 5):

1:) The synchronising and phase eguelisation at the transmitting
and receiving stotionn is effected by gquerts-crystal controlled syrchro-
nising, so developed in our laboretory for telegrephis enoypherment.

2.) The wobble fraquencies are produced by elactronio generators
(each of whose cscillatory circuits inmoludes o variable condanser),
which are rotaved from the synchronising spperstus via apecial inter—
mediate pearing ond thus bring sbout a varistion of the wobbla freguenay
within the ronge dictatsd by the capeciternoe veriation.

3.) By sltering the gearing rctio betwsen the synohronising
apparatus snd the varizbls condenser, the intermeodinte gearing permits
the periodic course of the capecitsnoe wvoaristion to be altered - depending
upon the cypher signals that are transmitted by the telsgraphio oypher
oonteined in the synchronising cppa-antus.

L.) The different courses of the fowr wobble frequancies used
ere effected by the five impulses of which each oypher signal consista
baing reduced via £ collsotor and distributor to four different control
impulses for the intermediste gecoring.

Description:

Be 1.): The control apparatus and the gypher from the talegruphio
gynmohronising spperetus can be uscd withoot slteretion for speech enoypher=
ment. The gypher-box with its drive is simpler, howaver, as tha cama
required for telsgrephy can be digpensed with. It is recommendsd that

it be oombined, from the point of view of oonsiruotion, with tho inter-
mediate geers end the collsotor-distributor, Starting, on ocommanoing
working, snd the control of the phase position are, however, effected in

& manner different from that used in telegrophy, as the oypher signals

are no longer tronsmitted to the ropocting statlon. Synchronising
freguencies are trensaltied vis epecisl or=rler fregusnov ohemnels ==d



Re 2.): The usual eleotronie generators with reaction are employed
for generating the wobble fregquencies.

Re 3.): The tesk of the intermedicte gearing is to derive variable
numbers of revolutions from o constant number of revolutiona of o high
degree of constanoy in ouch a wny that the sorlations are olearly
defined scoording to sise and phase and apply %o the transmitting wnd
receiving sides with the dogree of pcouracy imported by the mynohro-
nising gear.

The working principle is an followa: The shaf't coming from
the synohronising gear carries o cystem of ecoentric dises which move
impulse rods to and fro, thess impulse rods being oonstruoted in the
form of toothed roda. above the toothed rods are arranged gear whaoela
with which the toothed rods can engage, in such & way thut in eech
ouse only one tcothed rod turns the gear wheel, and the latter ia always
turned in the same direction. The ecocentric dises have different
strokes 8o that, nocording to the identity of the toothed rod engaged,
the gear whoel shef't desoribes a different angls of rotation in one
unit of time. To the genr wheel shaft in coupled the variable condsnser
of the frequenay generator, which therefore exscutsa &« non-gontinuous
rotary movement. PFour different angulsr welocities ere provided, so
the pioture presented by the following dlagrem provides en exampls of
the periodic course of & wobble froquenay:

H‘fi Oourse without intermediate gear

20}

18.0

The detailed method of working, as shewn in Flgure 22, ia
es follows: Prom the synchronising spparatus is led off & shaft (1)
which performs half g revolution in the unit of time during which the
telegrophic gypher sends out & (150 msec). For each speed of
rotation of the geer wheel sheft (2), which leads to the variable
condenser, there is crranged on the shaft (1) o system of twc equel
ecoentric discs (3}), displeced vis-h-vis sach other by 180 degrees,
which move the toothed impulse rods (4) to end fro in opposite direc-
tiona sgainst the recovery springs. In the left-hand position of
rest, o brisf but complots immobilisation of the toothed rod is
effected by the special shape of the eccentric discs (3). During
this time and depending upon the oypher signel, the magnet (6) ia
excited and, by means of' the two-areed laver (7), lifts the
rod (4) so that the latter's toothing engoges the geor wheel (B) an
the sheft (2). is scon as the advence movement commences, the gear
wheel (B) is sctusted too. Simultenscusly, the pin (9) penctratas
the upper groowe of the slide bar (10) and thereby holds the toothed
rod (L) engsged with the gear wheel (B). The megnat (6) is now able
to releaase agein. /s soon es the advanoe movement ends, the toothed
rod (4) falls into the lowsr groove vis the right-hand end of the slide
ber and thus becomss dissngeged from the geer whesl, which now stops.

2| Of Fh iy Aansogny
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This moment is-simialtensacisly the bepinning of the brisf immobilisstion
of the cpposite-running toothed rods. & 'resh engagerent can cooa
gbout by Lifting one of the opposite-toothod rods, whereupon the rotary
motion of the geor wheel will contipue, according to the impulse
imparted, ot the same or at another enguler velogity. Ths toothed rod
which has just been engeged is simultansously taken beck to the lowar
groove of the alide ber, during which pericd no engegement wiih the

A ar T gapy ey
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geer wheel will be possible. then the oppogite-running toothed rod is oz

lifted, in order to prevent the first rod from being reised as well,
the clesrsnce (11) is provided on the toothed rod end this clsarsnce
receives tha slids bar rollsr on the laver (7). For the pairs of
discs and toothed rods assigned to each angular velocity, only = common
lifting msgnet (6) with lever (7) is required. On the sheft (1) there
era four aimdler doubls gystems, whose edvanoes are all different, but
must i sach gasze be & whole multiple of the same indentation for sll
the toothed rode, o thet o smooth engegement coours in each oasa.
ifter eooh half-rotation of the shaft (1), only one of the four magnets
is excited, socording to how the oolleotor-disiritutor imparts the
lrpulsé. Correct insertion is enswred by & otntast controlled by a
oam on shaft (1).

Re L.): ‘The cypher continuously tranamits slgnels which are egual

as the result of the synohronising at the trensmitiing and receiving
stetions snd which congiat of five impulces in sooarderce with the
S-unit alphsbet. In order to obtein from one rRignel four enguler
velogities differing from esch other for conlrolling the four wobble
frequancies, ssgh of the four first iopulsss is conbined with tha fifth
ippulse. Thus, four different combingticns ¢re produced in each case:

1; += _ﬁ} -+

2] 4+ el =

To esch &f the four combinations is assigned a magnet of the respeotive
intermédiate gearing, so that, for instance, from the signel - - + - #
the following impulses are produced:

Por the first wobble frequenoy, impulse {1 with impulse 5 = + gives velocity 3)

m F gppond M i - g . = 2 =4 " " 3)
" i thipd i " " 3 P » 5 4 & " " E}
" ] r'.'ltl.'l‘.'th " n w iy ] o 5 - L " ]_}‘

These gombinetions are obtained in the ecollector-distributor by means
of relsys, e.g: socording to the circult shewn in Pig, 23. The trigeer-
ing of the aignal is ef'feoted by com switohes synohronously driven hy
the synchronlsing apperatus.
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Scrambling apperatus (omnll BAUSTEIN). '_";"'

:

In order to mekas it diffisult for unauthorised persons 0 &

ovarhgar conversations, there wes available in Cermeny an apparatus =
under the neme of “"Inverter® which reversed the natural speech freg- S
uencies, i.e. tragnaformed high into low frequenciss end low into high. -
Since the serambling effect of this deviece wos almost insignificent o
after £ short period of beooudng cocumtomed &2 it, it had to be =
improved by en extepded method. =
The results of fairly long experiments yielded the follow- e 2o

ing erxperlences: Every speech sound hss, in pddition to characteriatic
fraquendies. a dynemic peculier to it and en oseillating process
peauliar to it; in meny cases, sspecially in regard to monogyllabio
werds, the presence of the dynemie and the oscillating process is

quite sufficiont to enable the word to be recognised. This reocognition
is made partizulsrly essy when, s the result of a fixed fregquency
chenge, the cheracteristic frequencies are moved into another, but
stlll pommon, range.

Taking into eonsideration the fact thot the cost had fo
be as low ans possible, the f‘c:-'ﬂminl; extended method was envissged
for the construction of a seranbling devieoe:

1-) Restrieting the speech band to be trensmdtted to the frequencies
of 200 = 1300 ayoles.-

2.) The eddition of a nolss of equally great level snd equal freg-
ugnoy breadth containing, if poesibla, all the speech freguensiesa.

3.) The ponstent mixing of the speech and noise bands in adjecent
freguencies by switching over, with the spesch band inverted in
addition.

4.) Influsnoing the switching over of the speech dynamic by ecoel-
erating the switching over freguency.

5.} The suppression of noise during pausss in speach.

B.) &n eddition, to be provided later if neosssary, which delsys,
from tha point of view of tims, the amccelerstion raferred to in
L. ) in order to cbtain an effeoct resembling en echo.

In order to change beck at the receiving end the switching
over thet has been osrried out, the eontrolling of the switehing-owver
is passed ourrently to that and in the fregquency band 300 - LOD oyoles,
which is purposely kept free of aspeech frequencies for the purpose.

48, in the case of two-wire operstion, two non-synchronised controls
are present on the line, even when e third receiver suitabls for thia
scrembling procass is switched in, eavesdropping i= as a rule ilmpossible
because no unembiguous control is present.

To test thia apparatus by working it over feirly long linas, two
oppoisita stations ere baing ereoted, in a form approaching the final
congtructional design, in perellel with a purely lsborstory experimental
construction. The oonastruction of this epperatus is still in progress.
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Tha funotion of this apphra AT 'II":I..v::la"'l,j,Ir expleined below
en the besls of the atteghed *ilow of vunrreas® dlagram:

Tha G exh voltoge womine from tno ielephons is amplifisd
by a forked corrisy in the jeput amulifis- of thuy transodtter.

This empiifisd voliege is then

a) Takan via s notentlomuter of a spitable size vis & low-pass
to tha two apesoch switnhes, and

b) after rectificetion, ia used for cont—olling the noiss gensra-
tur aad Tor influenoing the switching frequengy {later, if
norasgary; vie the —wding me cognonent ).

Thie noise penerator fesds the two noise switches which ere
in parellsl .l the two specch swlichus.

Bith the objest of moving to the desired frequenoy bends,
the speech froquencics era convertsd, in aocordance with the switches
ip the ring modulators, with he eid of the two carrier frequencics of
1720 and 2700 gyeless. It i= not neccasery to lecd the noise via
modulatora, na this fregquency band is proluced from the stort up to
t1e bremdth of 2500 oyveles nazssacy for veing the Ldac,

For filtering out the desired modulation products or fre-
gquency bands, spagoh and nolec are lsd via the four parallal {liers
irneerted 2% the ouinoh

1) Tow-pasa up o 1500 eyroles ?) Low-pess up to 2500 aroles

3) Hlgh-pass of 1600 cyules and over ) Low-paas up to 1300 ayeles.

Tha switnhes of tho filters 1) end 5) or 2) 234 L} re elweys simul-
tanaously open or closed.

At the output of the I'ilters is an ampliTler and efter thet
a high-pess, which relisbly filters cut 21l the frequencies below LOO
cyoles.

The frequancy mixture of LOQC - 2500 gyclas is then passad
to the Yine vip n forked wvorrior.

1ne control volisge t'or switehing over is produced from the
freguengies of 340 and 343 cyoles pessed over a ring modulator end
filtered out through o low-paoss. & two-stege amplifier that followa
brings up the necessary switokinp power.

0 the two generators, the 343 cyols generator is mltersd,
by the influsnce of the spesch in 1is frequency, up to 346 oyclss.
The 340 oycle generator remeins constant end is used as the carrier
for the controlling transmission. Por this purpose it 1s modulsted
with the control freguenoy of % - 6 oyoles tapped behind the first
amplifier stage-. The control freguengy, together with the speech, 1s
passed to the line via & forked carrler and ¢ band-pass of 300 - 380
cycles filter braadth.

Of the speech, the noise und the incoming eantrol frequency
which arrive in the line, all sre lod vie the line forked-parrier
and the lavel-regulotor to 1.‘.1.. tw- parellel bond-passes with a fi]._!:r
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In the two ring modulstors, the respective freguencies, and
partieulsrly the speech freguenay, ere put back into the original fre-
guenay band with the pid of the two oprriers of 1700 and 2700 cyaless
In opder that only the two speech frequencies should be sudible in the
receiver, the sugoesding switches are only olosed slternately, synohro-
soualy with the trensmitter end with the =id of the control frequsncy
trenamitted, when the incoming fregquenay band contains the sppropriate
apeach band.

The speech i1s then taken via en amplifier, and the subse-
guent band-pass with o filter range of 200 - 1300 oygles, and via a
forked carrier to ths telephone.

The control frequency is bee-ahed off in parslliel with the
line forked-carrier snd teken, via the bond-poass with the filter range
of 300 - 380 ayoles to the control-note forked-carrier sand o level
regulator, to an amplifier. jf'ter demodulsntion, the control wvoltage of
3 = b gyclea is tcken to the switchwes via a power amplifier.

Individugl oireuit disgreams sre sppended of the ciroult
elements used, including the switch, the noise generetor cnd the devios
for praducing the control freguangy.

1} The switch makes use of the property possessad by Cupl cells, which
have n resistanoe dependent upon the direction of the current. jfogord-
ing to ths polarity of the control voltags, the cells; which gre arrangad
in a longitudinal cirouit, either let the ourrent through or blogk it.
Two means are Lsed to suppress the resldusl wvoltege in tha blocked
condition s

a) & short-circuit vis the primary winding of the output carrier
through Cus0 cells connected in the opposite way,

b) 4 bridge connection consisting of & capegity end ¢ resistance,
for telkding an equally great snd oppositely directed voltage to
the output transformer.

2) The noise generator mekes use of tha occurrence of nolse in the
enods olrcuit by using superregeneratiou. A high frequenoy oseillstory
olrcuit in the triode portion of the doubls valve BCH 11 is firmly
ooupled with a low freguengy osocilletosy oirouit in the hexode portion
by means of the connection betwoen the tricde grid and the hexode grid
ingide ths valve. The osoilllation of the low frequency partion lias
far sbove the highsat frequengies present and used in the noise.
Purther support for the superregeneration is afforded by the inductance
of the input transf'ormer of the switch, which is present in botn anods
gilroults. The closging snd opening of the wvalve is effected by an
alterption in the grid voltage through the rectified speech frequencies.

3) The double valve EDD 11 is used to produce the control voltage
with g frequency of 3 - 6 oyoles required for the cirpuit. The connec-
ticna of this double valve gsn be seen from the gppendsd indlvidual
circuit diegram "Control voltage production®. The two seperate
generators of 3,0 and 343-346 gyclcs have the familisr ¥-point

olrouit; only the dunl use of the 30 ayela generator as the ocarrier
frequency for the 3 - 6 gvoles and s the cerrier for transmitting

the control freguency are shewn in detall, together with the inf'luenc-
ing of the frequenay of 343 cycles by the displacement of the grid
working point of the wvalve.
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Frequarcy ploa:
Speaah holme
Cutpuy vau'ud
200 - 1300 qrolis 200 - 2500 gyolss
To the fmwr output filtess
i1 - modulation with 1700 groles —
1500 - LCD ayzlas 1600 - (2500} aycles
ifter modulation with 200G ¢wvolas ——
250 = 1400 gyoles 200 - 1300 gqyolss

On the 1ipa

LU0 = 22 groles, plus thy rocteld Jrecvace M0 2 3 - 6 oyoleas.
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