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¢ N.D.R.C. SECTION 13,9

PROJECT C~50 CONTINUOUSLY CODLD TD3S

SPEECH PRIVACY EQUIPMENT

SUIMMARY O FINAL REPORT

Laboratory iodels of a two-~way telephone privacy
system comprising continuously coded TDS equipnent have been
built and tested, The coding method provides independent
interlaced and relatively displaced codes each of which is
changed automatically evexry 3/4 of a second. The terminals
are independently synchronized and no synchronizing pulses
are transmitted, The restored speech is of good quality,

The equipment which generates the codes provides
so many different code seyuences and so mony ways of enter-
ing each sequence that it would be practically impossible
for an enemy to employ a captured nmachine to break in on a
conversations Methods employed by Project C~43 have as yet
failed to decode speech scrambled by the systen,

It has been found, however, that some trained indi-
yiduals under favorable circumstances are able to understand
some of the scrambled speech. Less is understood with fast
talkers than with slow talkers but the anmount understood by
such trained observers at normal speech rates leads to the
conclusion that in a system intended to provide long term
privacy the TDS principle should not be used singly but in
combination with other principles.

A combined system should be so devised that direct
listening is of no value and should be arranged so that an
interceptor can not disentangle the two types of scramble
and obtain intelligence by listening directly to one of them.
Sueh a system is provided by the C-50 TDS combined with and
controlling & rapidly switched A5 (frequency band shifting)
privacy systen #ien arranged so that the C-50 TDS coding
equipment controls the sequence of 45 codes, In this ar-
rangement the.Ad codes may be switched as often as every
37.5 milliseconds. No useful intelligence has been extracted
from the scramble in direct listening tests on this combi~
nation and furthernore the dirfficulty of decoding the scramn-
bled speech by other methods it expected to be materially
increased. %hile the corbined C~50 TDi and A3 system weighs
about 2200 1bs and requires about 1500 watts of power its
probable privacy and its availability are such as to deserve
serious consideration for use in Corps to Division Communi-
cations and in sinilar Navy situations.
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CONTINUAUSLY CODLD TDS

SPEECH PRIVACY EQUIPMENT

FINAL REPQ«T = NDnC PROJECT C-~50

0. PHEFACD

This report covers work carried out for the National
Defense Resecarch Committee under contract No. OELIsr-4%80 with
the Western Electric Coupany, Inc., by the Bell Telephone
Laboratories, Inc.

The nain body of the report treats the principal
topics briefly, hut references are ncde to several attached
appendices in which various aspects of the equipment are

.covered in details

1. OBJECTIVDS

This project was undertaken to provide model equip-
ment in order to study the privacy to bte obtained by elabor-
ating the TDS principle to its practical limit,

The two groups of privacy equipment which have
been constructed are provided with sutomatic coding apparatus
by which changes in key are made at intervals of less than
half & second. The key ic double in thet alternate speech
elenents are keyed accoxrding to two independent sysvems.
Each of these systems is changed at intervals of 3/4 second,
but the tines at which the two keys change are displaced
relative to one another by half this interval. Cryptograph-
ically there is a close correspondence to a daouble interlaced
transposition cipher in which the transposition scheme in
each of tlie interlaced systerns is changed every 10 letters,

The automatic keying, or coding, equipnent provides
a large nuiber of very long sequences of changing transposi-
tions and a large number of pointe of entry to each sequence,
The general objective in the design was to make the coding
equipment so complex that photograph matching technigues
would be more attractive Lo an interceptor than an attempt
to solve any of the sequences of trahspositions.

Sutficient equipnent has been built for two voice
frequency terminals, thus providing a complete two-way tele-
phone systen,
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2. TDS SYSTEI

A TDS systen provides privacy by creating a Time-
Division-Scramble, In this process speech at the transmit-
ting terminal is stored for a surrvicient length of time to
permit its division into speech elerments of very short dura-
tion, Yhese speech elements are then resasrranged in & scram-
bled order berore transnission over a radio or wire conmnuni-
cation channel., 4t the receiving terminal of the circuit
the scrambled elenents are rearranged in their original
order oy a similar time division process,

The speech 1s stored by recording it on & moving
magnetic tape. Scrambling takes place in the process of
reproducing it frowm the tape. 1Nine evenly spaced pole-pieces
are provided for this purpose and the order in which they are
usea is governed by the key. The object in using different
ones of the verious pole-pieces is to retvard, or delay,
successive elements of the speech by different amounts, I
the pole-piece nearest to the recording pole-piece is se-
lected, the speecnh is reterded in its transmission only by
che tine taken for the tspe to travel betvieen the recording
pole-piece and this first reproducing pole-piece. This
gives the ninimun delay to the stored speech, If the pole-
piliece farthe st rrom the recording pole-piece is used, the
maxinum delay is given to the speech., Intermediate pole-
pieces give intermediate delays. ‘hen tvwc speech elements
which were originally in succession are delayed by dirferent
amounts they are Gisplaced in tine with respect to each other,
They nay be simply interchanged or they may be separated
widely witih other speech elements inserted between them.

The scrambled speoecin-+lements are returned to thelr
proper order in the unscranbling process by delaying esch one
in a selective manner, so that the total delay contributed by
scrambling and unscranbling is tue same for esacn element.
Elements scrambied with the ninimum delay sre unccrambled
with mexi.iwl delay, and vice versa, Dlenents scrambled with
intermediate delays ave siiilarly unscranvled with complenen-
tary delays, The speech when reassembled has been delayed
by the sum of the minimum end naximum delays. In the C-50
TDo system this total delsy is 700 milliseconds.,

The order in which the reprciucing pole-pieces are
used in the scramblei depends »n the order of their connec~
tion to the 20 segments of a commutatol-. i brush moves over
these segrnents and causes the pole-pieces assoclated with
the segnents to be connected to the trensnission line. The
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pattern of the intercounection of pole-picces and counulator
segrnents constituves the key. The word "code" has been
more frequently used than "key" in previous reports on TDS,
and will be adonted in vthe remainder ot the present report.

IT the intverconnection of pole-pieces and segrents
reriaians fixed the key, or code, is fixed and the transposi-
tion schere is repeated with each revolution of the brush
over the 20 seguments, This takes place in 750 milliseconds.
Tlie C-50 TDS can be operated in tnis fashion if desired,
using punched code cards.

The continuous coding equipnent nakes two changes
in the interconnection of role-pleces to segrents in esch
revolution. The connecticns to odd-nubered segnents remain
fixed until the commutatvor bruch leaves the nineteenth seg-
ment; when the brush starts on segment No. 1 an entirely
different set of interconnections is used in the next revo-
lution by the odd-numbered segments. The pettern for the
even-numbered gegrients begins with the twelfth segment and
extends around the counutator througihh the tenth seguent;
when the brush reaches tae tuelfth sezgnient again & new
pattern is read;ry for the cven segsrn=ats. In tails way the
coding Tor alternate segriernts constitutes tvio indep=ndent
systens of transpesivions, each changing every 750 milli-
seconde, but displaced frow eszch otner by oO70 milliseconds,

e odd-numbered end the even-—nunbered cormwutator
segment s can be treated separately becanse the tine taken
for the brush to cover one segnent, 957.5 milliseconds, is
exactly half the Tine required Tor the magnetic tape to iove
frow one reproducing pole-piece to the next. “he portions
of speecnh available for rerroduction vhen the brush is on
odd segments are therefore nevelr available when the brush is
on even segrents,

The patterns or interconnection between nole-nieces
and commubator segments nuet Tollow certaia rules in order
that the TDS generate a transpozition which is valid, in the
sense that eacn speech elerient ies transmitted once and only
once, Since gpeec. on the nagnetic tupe remains there as it
goes past &ll nine reproducing pole-pieces, a randon choice
of reproducing pole-piecss night pick up the sane element of
speech twice or more, and scne other elernient would be onitted
for each repetition.

The kinds of interconnections which give useful

codes are aiscussed in Appendix A, attached. The rules
worked out in that appendix ale basic in the cdesign of the
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eutomatic coding equinment, which uust be so erranged that
the semi-random series of choices called for in one purt of
the coding equipnment is scrutinized in another part and re-
vised until the intercounection Tinally set up 1s a valid
transposition.

Trenslation of the principles discucsed in “ppen-—
dix A into a form vhich can be utilized with sutonmatic
equipnent is covered in Appendix B, attached, The nechan-
ical and electrical features of the whole systen, including
both the TDS nagnetic tepe nachine with its associated cir-
cults and the continuous coding equipuent, cre described in
Appendix L, attached,

The comnlexity ol the coding systens generated by
the automatic coding equipnent in the C-50 TTS msy be il-
lustrated by the Tact that there are 1,625,702,400 different
sequences of codes for ecach of the two interlaced svstems or
(1,823,702,400)2 Tor the combination. The choice of the
particular sequence to be used is governed by four punched
cards, The initial settinges of ten selector switches then
deternine the point in tne sequenceg at which the ssquence
will start., Taeve are (J,£288, 70)2 such starting points for
gaca sequence, rom tire Toint of view of those onerating
the equipnent tie four punched cards and tue ten selector
switch setlings constitute the ley, since these choices must
be agreed upon at both eads of the circuiv.

Yhen the cards and the initial setbtings nsve been
chosen, tuae equipnent can be svterted, after wnich it provides,
in each oI thne interlaced systerns, an irregular order of
valid codes {from a noscihle nunmber of &0,516 codes., In a
single message, or c¢ven in a whole duy's use with the same
inivial settinge, ouly an extrenmely small Traction of any
code cycle would ever bs used. Iach particular sequence runs
so long that it would not begin to repeal before 6,400,000
years, The derivation of these numbers is discussed in the
attached appendix C. '

d. LQUIPLENY ARRANGELENT

Each nodel C-b0 TDS terminsl iy conposed of two
equiprent groups occupying two bays. One of these is called
the TDS equipnent bay and the other is c¢slled the Continuous
Coding equipnent bay., The general appearance of these bays
is shown on photogreaphic Fig. 1 atiechead,

The TD5S equipment bay contains the msgnetic tape
machine, the speed coatrol, and all of the btalking and lis-
tening circuits. It can be used as a separate unit providing

|
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a repeated TDS code., The Continuous Coding equipment bay
contains the switchiing circuits which convert tue TDS bay
from rereated to non-repected operation. These equiprent
groups will be described superficiaelly in terms of photo-
graphs in the folloving sections, cnd refereuce should be
made to Appendix D, attached, for a description of the me-
chanical &and electrical features., The instructions for
operating the equipment are given in Appendix E, attacned,

ol TDg Tquipnent Bay

The TDS equiprment is mounted on & 19 inch relay
rack which is 54 inches high and occupies & floor spzce of
about 21" x 2%" over-all., The estimated weight of this bay
is 00 pounds,

The TDS equipment is divided betbtween six panels
which are shown in photographic Fig. 2 with the vanel covers
removed. The upperriost panel contains the equipment which
controls the speed of the TD5 nachine. It inciudes a crystal
and a neater unit Tor maintaining a constant crystal temper-

ature,

an inporvent Teevurs of the speed control equip-
ment should be noted, This has been designhed sc as to pro-
vide sufficiently clilose reguletion to permnit independent
operation of the two termincls, 1fo synchironizing pulses of
any kind «re itruasuitted over the line, This not only avoids
the ennoyance of hearing ths vestices of the syncaronizing
pulse but it also preventes loss of operstion because of
transmiseion difficulties with tae syncaronizing pulse.

The riachine panel is mounted directly below the
speed control ranei., There are two code coanectors on this
panel in which punched cards can be inserited Ior operating
the TDS equipment on 2 repesuted coke basis,

A small handwheel located on the machine vnanel
below the right-hand code connector permits adjustnent of
the receiving comnutator of the TDS ruchine to allow for cir-
cuit delay. Such an adiustment is necessary because the
scrambled swneech vhich is arriving and ready to beg restored
is unscrambled by signals from the coding equipment which
governs the outgoing speech from vhe same terminal, Since
the incoming speech has been delayed by the propagation time
of the cormunication circuit, the =signals from the coding
equipment must also be delayed befcre being used. The hand-
wheel which provides this adjustment connects to the TDS
machine through a delay indicator and & gear box which is
shown on photographic Fig. 5.
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The TDS nmachine contains the ragnetic tape, the
pole-pieces used for reccrding, reproducing and ereasing and
the comnutators which govern the time actions., It is shown
mounted on the back of the machine panel on photographic
Fig. 4, Certain details of the machine are shown on Fig. 5.

A coding coatrol panel, mounted below the machine
panel, contains jacks for telepuone instruments and jacks
for the transwuission line. It also contains push-to-talk
relays end a transier switch which permits a choice either

of repeated code operation or of the continuously recycled
code.

The amplifier panel contains transnitting and re-
ceiving amplifiers, The guin controls for the receiving
amplifiers are shown in Fig., 1. No gain control is required
for the transmitting amplifier since it autonetically adjusts
its goin (within relatively wide limits) to the correct value
Tor properly recording specch signals on the negnetic tape.
Details of the arrangement ol appzratus in the amplifier
penel may be seen in photopraphic Figs, &, 3 and 4.

The switching circuit panel just below the ampli-
Tier panel contains the sealed switch relavs which connect
the magnetic pole pleces to the line in tie proner order as
controlled by the connutator brushes and the coding eqguip-
ment. An oscillator to provide a-c bias and erase current
for the magnetic tape is also mounted on this panel,

A high voltage regulaced rectifier is riounted at
the bottecm of the bay. This rectifier supplies 250 volts
d-c to the amplifiers end to the oscillator., It also supplies
energy to operate the sealed switch relays,

S.&4 Continuous Soding Bquipnent bay

The Continuous Coding equipment is mounted on a
standard 26 inch PBX relay rack which is about 72 inches
high and occupies a floor space of sbout 21 x SO0 inches, It
weighs about 700 pounds conplete with covers, Its appearance
with covers in pleace is shown in photographic Fig. 4. Since
this photograph was taken,certzin nodifications have been
made in the cover to permnit the operator to have access to
the control buttons and ©c see the settings of the selectors
without renoving the covers. This bay is shown with covers
removed in Fig. 2 and with the individual covers renoved
from the relays in Tig. O.

The selector switcaes which sre used to generate
the codes nay be seen in ¥ig. O near the top of the bay, The
wiring of the selectors is thoroughly scrambled and in
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addition the wiring can optionally be obscured by & set of
so cualled walking relays just above the selectors. The
passage of pulses throush the scrambler selectors is prina-—
rily controlled by the four scrawmbler connectors which are
shown just below the selectors. These are the connectors
which aflord & choice of the particular code sequence which
is to be used., These connectors are cohe boxes of the same
nature s the fixed code connectors mounted on the TDS
machine bay, but the code cards are punclied differently and
altord an 8 x & perrnutation. The locator holes Tor these
code cards are arranged so that the cards cannot be conTused
with the cards used for providing repeated codes.

The initial settings of the scrambler selectors
are made by actuating 10 pusii buttons which are shown in
Fig., 3 just below the selectors., These govern the points in
the particular coding sequence at which the cofes will begin.,

The code generatius relay control leys shown in
Fig. 3 govern various tunctions including the starting and
stopping of the coding equipunent.

Below the central panel there are 211 relays which
have functions which are d=zscribed in Appendix D. One group
is the exclusion relay groun, which prcvents setting up codes
which are not valid TDS ccdes, Other relavs clos2 the final
connections between the relays governing the I'eproaucing or
pickup pole-pieces and the cormutator segments.

At the base of the continuous coding equipment bay
there is a rectifier which supplies 950 volts d-c to the cod-
ing equipment.

3,5 Povwer Regquirenents

The eatire C-LO TDES systern: may be opsrated from a
115 volt, 60 cycle pgower source, provided tue dynamotor drive
is supplied from a =4 volt d-c¢ molor generator set wnich is
mounted separately from the two equipnent bays just described.
Iustead of the motor generator set a well regulated nega-
tively grounded 24 volt babttiery supply riay be used Tor this
purpose. The power requirerienis res terminsl are as follows:

Continunus Coding Equipnent O anp. or 6O VA

TOS Equipnent, includiag 2.9

anmnpere, 24 volt d-c (hegabive

grounded), used vor dynauotor

drive, which is supplied fron

115 volt, 60 cyclie to 24 volt

d-c M.G, set 0.0 anp. or 400 VA

9,95 amp., or 1090 VA

S CRLT
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4., EQUIPLENT PERFORIANTL

4.1 Transnission Perfornance

The process of chonping up a speech wave in tine,
then scrambling tirese chopped up speech elerments, transnit-
ting them and reassembling then, naturally leaves some traces
in the over-uall transmissicn. However, the quality of the
restored speech in this systen is reasonably good wnd indi-
vidual voices are readily recognizable over the system. AS
measured by consonant articulation errors it is equivalentdt
to the performance of a circuit which trensmits a bandwidth
of 3000 cycles per second and whlich has a signal~to-noise
ratio of &0 db.

Sonie background noise is generated in the equip-
ment by the scrambling-unscrambling process, consisting
principally of soft, slightly .soticeable clicks. These
measure about 0 db below the raceived signal. It is be-~
lievzd that the cliciks can be further reduced, by a factor
ranging from 15 to 20 db, by making certain changes in the
switching and receiving amplifier circuits,

The svstern has not bezen opersted over actual radio
circuits but its probable perforuence under conditions of
multi-path transmissiocn has been tested by operating it over
wire circuits in which large armounts ol selective fading were
artificially introduced. Even when the fading was increased
to such a point that the signeals vere momentarily lost the
syste. operated satisfactorilv end stayed in proper synchro-
nism because the terminals are completelv independent of each
other. It is to be expected taat the sysven cen be employed
with any type of transmisslon circult which will satisfac-
torily hanGle norral speecu,

4,2 llechanical Performence

The entire C-50 TDS system has been operated suc~
cessfully several hundred hours. I[fany rung cof seven or ¢ight
hcours of continuous operation heve been mede and at one tine
the systen ran continuously for 18 hours without troubls.

The Tud tape rmachines in the two terminals have
been run about 550 hours. The mesgnetic tape aud reproducing
coils have given no trouble in this tine though there were
two instunces of difficulty with short circuits in the regu-
lating tield winding of the dynamobors, The maintenance
measures reguired ror tne TDS btape mechines have been con-
fined to cleaning tiie commuteétors and to lubrication of the
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maiu driving gearcs, It vas rfound that tiie cormutators do not
reyulre cleuning oftener than once every »0 hours of operation
and lubrication of the main drive gears nct oftener than everwy
60 dayvs,

The coding equippment has in general operated satis-
factorily when the initial troubles in the circuit were once
cleared out. It may be noted that certain troubles in the
relay circuits, which were ascribed in some of the progress
reports on this project to dust in the contacts, have prac-
tically disappeered since rearrangenents were made in the
timing circuits. Only one relay trouble has been encountered
which required the relay to be replaced. The scranbler selec~
tors have been found to require inspechion and lubrication of
bearing pins at approxinately £4 hour operating intervals.
Occasionally selectors have required adjustment and this was
true at the end of the 18 hour run mentioned above.

The speed contrel circuit functions somewhal better
than originally expected. Vith reasonubly good regulation on
the 24 volt d-c supply which opereates-the driving dynamotors,
and with reasonable care in phasing adjustments, the machine
at one terminal may be expected to stay in satisfzctory syn-
chronisn with the mechine st the other terminal for periods
of at least one hour without intervening adjustments. In
exceptional cases these periods have approached four and five
hours duration. This degree of speed stability is contingent
upon the control crystals being ut their finel operating
tenperature, This requires that the crystuls in thelr as-
sociated ovens be energized for a period of from 12 to 24
hours before the system is placed in operatica.

o. PRIVACY TESTS

5,1 Laboratory Methods

Phonograph records of the scrambled speech from the
C-50 DS systen heve been riade using several different voices.,
These were turned over on llarch 1, lv4o to II.D.R.C. Project
C-43 for decoding by the laboratory methods employed by that
project. at the present time, October 2, 1943, these records
have not been decoded by any mcthod.,

5.2 Direct Listening

Privacy tests have also been made in which trained
observers attempted to obtain infornation from the scrambled
speecin by listening directly to it. These teshts have indi-
cated that speech scrambled by the DS alone ig not proof
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‘ against direct listening to the degree originally antioci-~ |

| pated. The ract that the codes are changing continuously -

makes no particular o«ifference with respect to direct

listening and the velatively good transnission quality of '

‘ the C-50 equipment contributes adversely to the security of b
the scramble. L

The proportion ol words understood is a function
of the rate of speech. I words are spoken very slowly nany
of then are understood by skilled observers while if' words
are spoken very rapidly practicelly none are understood. At _
speech rates approaching normal most individuals cannot !
understand the scrambled speech, but certain individuals !
with continued practice have demonstrated their ability |
under favorable circumstasnces to understand an undesirably
‘ laxrge proportion of it.,

-

In the direct listening tests sentencee of 10 or
12 words in length were spoken =and the observers wiote down
the words which thev believed they understood., DParticularly
favorable testing conditions were used, as Tollows: (1) A '
very slow speech rate ol two syllables ner second; (2) quiet h
listening conditions; (%) no edded circuit noise and (4)
observers adept at interpreting a ITDS type of scrumble, It
was found that these observers could unGerstand on the
2veres2 65 per cent of the vwiords trensnmitted., In individual
cases this percenbage rangcd frou 45 to 85 per cent. In
circumstances nore nearly approaching normal it is to be
expected that a very much smaller percentaxze of the words
' scrambled by the C-50 TDS system would be understood. A4S an e
‘ indication of this, it may be pointed out that the records
‘ of scrambled speech (made at ordinary talking spceds) which
‘ were furnished to Project C-43 have not been "broken' by

direct listening methods nor has any significant sense of '

their contents been deternined.

While it would be tenpting to draw the conclusion
from this experience with recorded scrambles that the pro-

‘ cess of recording and reproducing introduces sulfficient dis-
tortion to mke direct listening useless, this would not be
a prudent decision to make in connection with a privacy
systernn intended to be adequate for the situations contemplated
when the C-50 project was originally planned. Further tests
‘ | were btherefore made to find what modifications of the systeum

i would eliminate the possibility of information being obtained

by direct listening,

The simple addition oI a frequency inverter to the .
scramble viould, of cours:, be of no value since an interceptor
‘ could easily reinverl the specch., However, it was thought

SECKET
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that the introduction of an inverter at randon times undeX
the control of the C-50 TDS coding equipnent might acconplish
the desired purpose in such a way us to make removal of the
inverter by the interceptor a very d4ifficult matter wivhoutb
cracking the code, Tests were made in which approximately
30 per cent of the speech unifs transmitted were inverted in
this coded manner, This was found to decrease the number of
words which a trained observer can understand by aboub 00
per cent. However, a 50 per cent inmprovement was not re-
garded as satisfactory and a search was made for another
method which would remove entirely the possibility of direct
listening. This will be described in the next section.

6. RECOIMENDED COIBINATION OF C-50 TDS WITH A3 (FREQUENCY
BAND SHIFTING)

A privacy systen in which the TD3S principle is com-
bined with some other principle should be so devised that
direct listening is of no value and should be arranged so
that an interceptor cannot disentangle the two types of
scramble and obtain iatellipgence vy listening directly to one
of therie It is believed that these requirements are both meb
by a combination of the C-v0 TDS and the A3 (frequency band
shifting) privacy system when arvanged so that the C-50 TDS
coding equipnent controls the sequence of the AJS codes, By
this arrangement the 43 codes may be switched as often as
every 37.9 milliseconds.

The combined system has been set up in a number of
ways., In tests with direct listening no useful intelligence
was extracted frow the scramble.

Spectrograms showing the kinds of scramble provided
by the combination of the C-50 TDS and the aA-3 system are
given in the final report of Froject C-66, entitled "Frequency-
Time Division Speech Privacy System". The coding systern used
in connection with the A3 privacy device shown in those spec-
trogramns was found susceptible of improvenent and the recom-
menGed method of controlling the codes of the AS systewn by
means of the C-50 coding equiprment is described and illustrated
in Preliminary Report 21, dated July 21, 1945, of Project C—~43
entitled "A Coding Arrangerient for C-50 ~ A3 Privacy Systen'.
Appendix F, of the present report, also describes the pro-
posed combinzd system, Phonograph records of one of the
scrambles provided by combining the C-50 TDS and the A3 have
been turned over to Project C-4$ for study.

¥hile the combined C~-50 TDS and A3 system welghs
about 2200 pounds and requires sbout 150G watts of power, 1ts

SECRET
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. probable privacy and its availability «re such as to deserve

serious consideration for use in corps-to-division coamunica=-
tions and in siniler Wavy situations, It 1is berieved that
this combination would operate satisfactorily under field
conditions with ordinary muintenance reasures elthough

special training would be nceded for the technical operators.
Sone design changes would be required to mzke the model equip-
ment suitable for field service but this could be done and

the equipment put inbo production in an appreciably shorter
time than would be required for the developnent and produc-—
tion of any other known type ¢f privacy systeii.

7. APPLICATION W0 TELILGRAPHV

In addition to scrambling speech signals the C-50
TDS system could also he used to cipher voice frequency tele-
graph signals, As discussed in the Tfinal report on N.D.R.C.
Project C-59%, "Telegrarhy Applied to TDE Speech Secrecy
System", telegraph signals scrambled by TDS have not been
unscrambled by dirsct listening. It is to be expected that
the scramble of telegraph signhals produced by the C-50 systen
would be daifficult to solve by laboratorv nmethods since the
codes do not repeat, The simple cn-~off character of tele-
grapn signals provides few, 1 any, clues ihen the branspo-
sition scheme is continuously changed. As a telegraph system
the C~50 TDS offers the poscibility of a long term privacy

8. RECORD OF VORK

The laboratory work on Project C-50 is recorded in
numbered notebooks Nos., T-b1l84, T-5002, T-HD21l, T-5523,

T-5587, T-7859 and T-2097,.

Only tnose drauvings have been attached to the pre-
sent report which are considered essential to an understanding
of the principles of the system or which are of value to oper-
ating or maintenance forces, These drawings are listed in
Section 1 cf appendix G and are bound at the end of the report
in nunerical order, ReTerence is made to them in several of
the appendices, A complcte 1ist ¢f all of the C-20 project
drawings 1s incorporated in Section 2 of Appendix G. Drawings
not included with the report will be made available upon re-
quest of proper autnority.

Report Prepared By

I. E. llechling

Bell Telephone Laboratories, Inc.,
469 Vlest Street
Mew Yorlk, lNew York
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FINAL REPORT - NDRC PdOJLCT C-50

HOTOGLATHS OF MODEL EQUIPLIENT ?

1 C-50 TDS Eguipment - Front View %

2 C-50 TDS Equipment - Front View - Cover Removed %

3 C-50 TDS Equipment - Front View - Relay Covers ?
Renoved

4 C-b0 TDS Equipment - Reer View - TDS Bay :

5} C-50 TDS Equipment -~ TDS llachine
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APPENDIX A
BasLC TDU PHINCIPLRSG

1, TEN ELEMENT TDS SYSTEM

1.1 Preliminary Considerations

Drawing ES-803577, attached, is a simplified sche-
matic diagram of a TDS system® similar to the C-50 system
but with the continuous coding equipment omitted. On this
drawing two TDS terminals are shown connected by a line
which is intended to represent any type of voice frequency
transmission facility capable of handling speech. TFor the
saeke of simplicity, the system is shown set up for the
transmission of speech in the left to right direction only.
For this reason, in the following discussion, the left hand
group of equipment will be referred to as the transmitting
terminal and the right hend group of eguipment as the re-
ceiving terminal.

At each end of the circuit and FTorming a part of
each terminal equipnent, a magnetic tape is shown mounted on
two pulleys which turn in a counter-clockwise direction.
Along the lower loop of each tape and in contact with it,
eleven equally spaced arrows, are shown. These arrows rep-
resent pole-pieces each of which is capable (1) of recording
speech on the tape, (2) of reproducing speech from the tape
and (3) of erasing speech from the tape. On the drawing,
because of the fact that it shows the system transmitting in
one direction only, each pole-piece is called upon to per-
form only one of these three functions. However, when the
system is used for two-way transmission, any one pole-piece
is called upon to perform two of the above three functions.

The first pole-piece of the transmitting terminal,
i.e. the one located at the extreme left position on the
transmitting tape, is connected to a microphone, This pole-
piece records speech upon the tape. The first pole-piece of
the receiving terminal is connected to the "erase" supply
and removes speech previously recorded upon the receiving
tape. Since, in two-way operation, a terminal must be able
to either transmit or receive, the first pole-piece of a
C~50 TDS machine is arranged to perform the function of
recording speech on the tape when the terminel is transmit-
ting and of erasing speech from the tape when the terminal
is receiving.

M te e B e an Sw es P ws we e ep e s ew e et =k wE e ew s e W ee e e =4 e

*The arrangement shown 1s known as & ten-element system be-
cause ten speech-elements are scrambled in each code-cycle.
The C~50 system uses two interlaced ten element codes in
each code~cycle as subsequently explained. Otherwise the
arrangement..shown. is _basically the same as the C-50 system.

TSR, 2 Wt bbemry, e
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The next nine pcle-pieces, designated on the
drawing "a" to "i", respectively, are arbitrarily called
"coding" pole-pleces because, as subsequently explained,
they are employved in the speech scrambling process at the
trensmitting terminal and in the speech restoring process
at the receiving terminal., In perrorming these respective
operations, the coding pole-pieces &t the transmitting
terminal reproduce from the tape speech previously re-
corded upon it by the first pole-piece. This operation
has been termed "coding on reproduce". The coding pole-
pieces at the receiving terminal record speech incoming
from the line upon the receiving tape in its correct or
unscrambled order. This latter operation has been termed
"decoding on record". In two-way operstion, therefore,
the coding pole-pieces perform two functions; namely, that
of reproducing speech when transmitting and of recording
speech when receiving.

The last, or eleventh, pole-piece at the trans-
mitting end is connected to the "erase" supply. 1t erases
speech previously recorded upon the transmitting tape by
the first pole-piece and thereby prepares the tape so that
subsequent speech may be recorded upon it. At the receiv-
ing end, the last pole-piece reproduces, from its assoc-
iated tape, speech which has been previously restored and
recorded upon the tapc by the coding pole-pieces, and im-
presses 1t upon a connected receiver. In two-way operation
of the system, this last pole-piece also is called upon to
perform a dual function, namely, that of erasing speech
when its terminal is transmitting and of reproducing it
when receliving.

On the drawing, immediately below each of the
arrows representing the coding pole-pieces "a" to "i', are
shown groups of three errows - two vertical and one
horizontal. Each group represents a relay, known as a
sealed switch relay. The vertical arrows represent a simple
make and break contact on the switch which connects the
associated pole-piece to the line under control of the
horizontal arrow., This may be visualized somewhat more
easily by picturing the horizontcl arrow as being connected
to one terminal of the sealed switch relay winding (not
shown on the drawing) and a battery, or other suitable ener-
gizing source, as being connectud between the other relay
winding terminal and ground. Thus, if ground is applied to
any horizontal arrow, the sealed switch operates and con-
nects its associated pole-plece to the line,

Each horizontal ariow assocliated with a sealed
SECRET
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device called a "code connector®™. In the code connector .t
shown on the drawing, any one of the nine sealed switch
relays may be connected to any one of ten commukator seg-
ments, A grounded rotating brush, asscciated with the
commutator successively contacts each of the commutator
segments and thereby operates the sealed switch relays in
whatever combination and order is determined by the con-
nections in the code connector. TFor the sake of drafting
simplicity, the commutator segments shown on the drawing
are arranged in a straight line. Actually, however, they
| are arranged in a circular path with segment 10 adjacent
to segment 1.

The code conunectors used in the C-50 system are f
of two types. One, known as a "fixed code connector", is '
used for fixed code operation and is arranged much the -
same as indicated on the drewing. In it connections be- ;.
tween commutator segments and sealed switch relays are i
made through holes punched in code cards. Such connecitions
are illustrated on the drawing by crosses which have been
placed at certain intersections of horizontal and vertical
conductors in the code conunector,

The general appesrance of & fixed code connector
may be seen by refercnce to photographic Figs. 1, 2 and 3,
where two of them are shown mounted upon the machine panel
of the TDS eguipment bay. in the first of these figures,
" the connectors are in a closed position while in the latter
| two figures they are in an opened position. A puached code
‘ card will also be seen in place in one of the opened con-
- nectors,

In fixed code operation, i.e. when the fixed code
connector is used, ‘the same connections between commutator 1
segments and sealed switches are used repeatedly for each
revolution of the commutator brush. In continuously coded
operation, the second type of code conncctor used with the
C-50 Systen is employed. This code connector, whicn consists
of contacts in a group of relays, known as code relays, re-
peatedly, and at every revolution of the commutator brush,
changes the conncctions between commutator segments and
sealed switches., 1n the C-50 System one revolution of the
brush requires 0,75 second. Conseguently, when the contin-
, uous coding equipment is in operation speech lsscrambled
: differently during each succeeding 0,75 second interval.

1.2 Scramnbling and Restoring Speech

The preceding section explained the functions of
certain individual components which comprise the simplified
TDS System shown on LS~803577. This section further con-
siders this drawing and describes the menner in which suo@ :
components function collectively to forn a speech scrambling ;
and restoring system. ,
SECRET
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In order for the TDS terminals to perform proper- |
1y the operations recuired of them, it is necessary that

certain requirements be met. These requirements are stated !
beclow. As the explanation proceeds, the need for them will

become increasingly evident, The recuircments are:

(1) The speed of the magnetic tape and the speed of
the commutator brush, located in a common ‘
terminal, must be such that, within very close |

I limits, the time required for any given point }

| on the tape to pass from one coding pole-piece %i

!

| to the nexit coding pole-piece is the same™ as that
required ror the commutator brush to sweep over any
one given commutator segment.

(2) The absolute spevds of tape and of brush at a
receiving terminal must be the same, likewlse
within very close liwits, as those at the trans-
itting terminal.

{(3) The brush at thec receiving terminal must contact
the correspondingly same commutator segment that
the brush at the trausmitting terminal contacts,
at a time intervel later, very nearly egual to the k
circuit delay. Circuit delay is the time re- .
quired, because of finite veloclty of propsagation, |
for the voice signals to be transmitted from f
transmititing to receiving terminal. Thus if the [
transmissicon path between the two terminals is :
electrically so short that circuit delay is s
negligible, the recciving brush must contact
segment 1, for example, at the same time within '
close limits, as the transmitting brush contacts i
its segment 1, etc. On the other hand, if the e
circuit delay is, for example, £ifty milliseconds,
the receiving brush must contact segment 1 fifty
milliseconds after the transmitting brush contacts
segment 1, ete,

et e

-t — v e  am

Wow let it be supposed that the system shown on
the drawing is set up and operating in acgordance with
the above requirements and, in this particular instance, '
that the circuit delay is negligibly sm&ll. Furthermore,
let it arbitrarily be supposed, for the sake of explana-
tion, that a talker starts speaking at the same instant

- et et e e e e et em me em wm  ms m wm e e em s o em = we = wm s we e A

| *lotet -This is the rule for the non-interlaced coding

' given by the simplified TDS of the present dlscus-
sion; in the C50 TDC the segment tims is half the
travel time of the tape bebtween two consescuilve
pole-pleces.
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that the brush contacts segment 1.* Under this latter as-
sumption sealecd switch "b" is operated through the code
connector as soon as segment 1 is contacted and pole-
piece "b" is thereby connected to the line. This pole-
plece remains connected to the line while the brush sweeps
segment 1. Simultaneously, the section of tape between
"p" and "a" pole-pieces moves to the position between "c
and "b" pole-pieces. However, no signals have yet been
recorded on this section of tape; consequently no signal
is reproduced from it while 1t passes through pole-piece
"b" and no signal is transmitted over the line to the
receiving terminal., At the receiving terminal, since
negligibly small circuit delay has been assumed, pole-
piece "b" is connected to the line at the same instant and
in the same manner as the corresponding pole-piece at the
transmitting terminal is connected to the line. However,
since no signal is transmitted, no signal is received and
no signal is recorded on the receiving tape.

If for convenience, the period of time required
for a brush to sweep over any given commutator segment is
arbitrarily called & time-unit, we find, at the end of the
first time-unit considered in the above discussion, that
nothing has hsppened except to record, on the transmitting
tape, speech signals which now extend between the first
coding pole-plece "a" and the recording pole-piece. During
the second time unit, the commutator brushes in both machines
sweep sSegment 2 and connect coding pole-pieces "e"™ in each
terminal to the line. Here again no speech is sent or re-
ceived because it has not reached pole-piece "e". However,
during this time-unit more specch is recorded upon the
transmitting tape so that, at the end of the second time-
unit, a section of the tape extbending between coding pole-
piece "b" and the rceccording pole~piece has speech stored
upon it, During the third time-unit, both pole-pieces "g"
are connected to the line in a like manner, Again, no
speech sighels are sent or received but at the end of this
time-unit speech stored on the transmitting tape extends
from pole-~piece "c" to the recording pole-piece, At the
start of the fourth time-unit., coding pole-pieces 'c" are
connected to the line. At the transmitting terminal speech
signals recorded on the tape have, as explained, just reached
this pole-piece. The first part of the recorded speech is
therefore in a position to be reproduced by pole-piece "c
transmitted over the line, and recorded upon the receiving
tape by pole-piece "c¢c" at the latter location. At the end
of the fourth time-unit, when both the transmitting and
*On the drawing the brush is shown in contact with seguent 3.
However, since a sequence of several operetions is to be

described during which the brush contacts several segments,
it is more convenicnt to start the e¢xplanation with
seegment 1. SECRET
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receiving pole-pieces "e' are dlsconnectcd from the line,
the small portion of speech, which at the start of the
fourth time-unit occupied thb region between coding pole-
pieces "c" and "b"™ on the transmitting tape, has been
reproduced and transmitted to and recorded upon the re-
ceiving tape, This small portion of speech, which is of
one tlme unit duration, wmay be called & speech-element or
a speech-unit.

Speech-units are numbered in consecutive order,
commencing at the time the talker starts speaking. All ox
them are of one time-unit duration. In the particular case
selected for this discussion it so happens that speech-
unit 1 is the first speech unit to be transmitted over the
line. As will be subsequently shown, it is not necessary
that speech-unit 1 elways be sent first.

At the start of the fifth time-unit, speech re-
corded on the tra nsmltnlng tape extends from Uole piece "4
to the PCCO”dlng pole-piece. Of course, that unit of speech
which occupies the section of tape betWeen "d"® and "c" nas
been reproduced as speech unit 1. However, in the process
of reproduction it is not erased and therefore is still
recorded on the tape. Coincidentally, speech-units 2, 3 and
4 are located, respectively, between "c' and "b", "b" and
"a" and "a" and the recording pole-piece. AT the receiving
terminal, the tape has nothing recorded upon it, except
speech~-unit 1 which likewise occupies the region between
pole—-pieces "d" and "c"., Furthermore, as the commutator
brush contacts segment 5 of the cownwmtator at the start
of the fifth time-unit, the sealed switch relay associated

with "b" pole-piece operates. Spesech-unit 3 is just starting
under this pole-piece, =0 it 1s in position to be reproduced,

transmitted and recorded on the receiving tape during the
fifth time~-unit. At the end of this time~unit, speech
element 1, on both tapes, has advanced to occupy the reglon
between "e" and "d" and speech-unit 3, likewise on both
tapes, has advanced to the reglon between "c¢" and "b", It
is thus evident that each of these speech units occuples
identically corresponding positions on the transmitting and
receiving tapes.

Following a manner similar to that prev1oule
indicated, it is evident that durlng the sixth time-unit
nothing 1s transmitted to the receiving terminal, because,
at the stert of this time-unit, no speech 31gnals have
reached pole-piece "h". At Lhe start of the seventh time-
unit, speech-unit 1 has reached pole-piece "f" (having ad-
vanced to that p051t10n during the sixth time-unit), pole-
plece "pn is ggain connected to the line and speech-unit 5
is transmitted and recorded on the receiving tape. At the
end of the seventh time-unit, speech-elemento 1, 3 and 5
arc on the receiving tape occupylng, respectively, the posi-

'thIlS ngn tO nfn Mot to nan ang fte® 'tO pn Durlno 'tﬂe
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eighth time-unit, again, nothing is transmitted. However,
all speech units hzve adveanced with the tapes during this
interval to tne next pole-piece so that, at the end of the
time-unit, speech-unit 1 on both tapes has just reached
pole-piece "h".

During the ninth time~unit, the blank space between
speech units 1 and 3 on the receiving tape is filled in with
spsech-unit 2 bhecause pole-pieces "g" are connected to the
line throughout thic interval. Up tc the end of the ninth
time-unit, it will be observed that speech units have been
transmitted over the line in the sequence (neglecting blanks)
1, 3, 5, 2. Upon the receiving tape, however, they are ar-
ranged in the order 1, 2, 3, "blank", 5. Thus, speech-units
which have been transmitted over the line in an unnatural
Sequence are appearing on the receiving tape rearranged in
thelr original order. This situation is further clarified
during the next or tenth time-unit. At the start of this
time-unit, speech-unit + on the transmitting tape has reached
pole-piece "f¥, This polec-piece in both terminals is con-
nected to the line by acticn of the commutator brush on
comautator segment 10. The Tourth speech-unit is reproduced
from the transmitting tape and recorded upon the receiving
tape between speech-units 3 aud 5, At the end of the tenth
time-unit, therefore, specch-elements have been transmitted
in the seauence 1, 3, 5, 2, 4 but are recorded on the re-
celving tepe in their natural order 1, 2, 3, 4, 5 without
blanks betwecn.

At the end of the tenth time-unit, or at the start
of the eleventh time-~unit, when the comumutator brush has
completed one revolution and again starts contact with
segment 1, speech-unit 1 on the bransmitting tape is starting
under the erasing pole—~plece. At the same instant speech-
unit 1 on the receiving tape is starting under the repro-
ducing pole-pliece and is thus ready to be reproduced fron
the tepe and impressed upon the receiver,

£s the brushes leave the tenth commutator segment
a code~cycle is completed. The abcove explanation therefore
has been carried through the first code-cycle. If desired
it may be carried further, through succeeding code-cycles,
in a manner similar to that employed above., As a matter of
interest, Table 1, below, has been prepared which summarizes
the sequence of operations for the sccond code-cycle as well
as fhr the first,

SECRET




TABIL I

App. A
Page 8
SLCRET

Sequence of Operations Throughoubt Two Code-Cycles For

Arrangement Shown on ES-803577

Speech Assumed to Stert as Brush Contacts First Commutator

Segment
S.U.* S.U.* S.U*
During Pole-Piece Advances Trans. Arrives
Time In to And at
Untit Operation Pole-Piece kec, Iistener
1 b S.U.1 to P.P.a None None
2 e " 1 to " Db llone None
) foX " 1l to " ¢ None Hone
4 c "1 to " 4 1 Jone
5 b "1 to " e 3 HWone
6 h "1l to ® f None None
7 b "1 to " g 5 Hone
8 h " 1 to "™ h None None
9 g " 1 to " 1 2 Hone
10 f * ] toc ® E¥* 4 Hone
11 b 2 to " B 9 1
12 e "3 o " L 7 2
13 g " 4 to " L 6 S
14 c " 5 to " K 11 4
15 b t 6 to " I 13 5
16 h " %7 to " E 8 6
17 b " 8 to " L 15 7
18 h * 9 to " E 10 8
19 g 10 to " B 12 9
20 i 11l to " E 14 10

* 2,U. designates Speech~Unit

** E designates Erasing Pole-Piece in Transmitting

Machine
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The sbove table has been constructed to
show what happens during two code-cycles or more
specifically during each of the first twenty time-
units after speech starts. For example, during
the first time-unit pole-pieces "b' are connected
to the line and the first speech unit advances to
pole-piece "a" so that at the end of this time-
unit the first increment of speech+unit 1 has
Just reached pole—~piece "a". No speech units are
transmitted or received. During the eleventh time-
unit, for further example, pole-pieces Yb" are
agelin connected to the line and specch-unit 9 is
reproduced from the transmitting tape, transmitted
and recorded on the receiving tape. Simultaneously,
speech-unit 1 on the transmitting tape, which had
reached the erasing pole-plece at the end of the
previous time unit, is belng erased as the second
speech~unit sdvences to the erasing pole=piece.
Furthermore, speech-unit 1 on the receiving tape
reaches the listener, it having arrived at the
reproducing pole-piece at the end or the tenth
time-unit.

At this time two things, which are
illustrated in Teble I, are worthy of note. Jfirst,
it will be observed, sincc the pole-pieces are
equally spaced, that ten time-units elapse after
the talker starts speaking before restored speech
arrives st the listener. This is always true, re-
gardless of the code used. Second, during this
first ten time-unit intervel only Tive speech-
units of the ten rccorded on the transmititing tape
have been transmitted and recorded on the receiving
tape. This is not always truc but depends upon the
code {connections in the code-connector) in use at
the time. In this connection, it may be stated
that during the first ten time-units after the
talker starts speaxing not more than nine speech-
units nor less than one speech-unit can be trans-
mitted to and recorded upon the receiving tape.
These two characteristics of TDSare discussed in
subsecuent sections.
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In all of the preceding explanation of basic TDS
principles and in Teble I, above, it arbitrarily haes heen
assumed, for the sake of illustration, that the talker
started speaking at the start of a code-cycle or just as
the cormutator brushes contacted segment 1. The successful
operation of the system is not, however, contingent upon
such a condition. In fect the talker cen stert speeking at
any time during a code-cycle regardless of which commupator
segment is being contacted by the brushes™ and the Systen
will still satisfactorily scramble and restore speecii,
However, the "scramble", that is the sequence of speech-
units sent over the line to the receiving terminal, 1s
meterially affected by the position of the brushes Wlth re-
spect to commutator segments at the instent the talger
starts speaking. As a step in illustrasting this statement,
Table II, below, has been preparcd using in each 1nstance

TABLE II

Tllustration of Dffect om "Scrmsble® Sesulting From Snccessive Positions
of Comuvtator Erushes At the lnstent the Tolier Starts Speaking,

Yalker
Starts
Sreaking
As Brush
Contacts "Scromble
Com. Seg. ‘ or
No, Seguence of Speech-Mmits Transmitted Over the Line
1 b P b1 3 b5 b 2 4 <+9¢ 7 6 11 13 815 10 12 14~
2 b b b 2 b 4 b 1 3-8 :6 510 12 7 14 9 11 13.18
3 b » 1L b 3 b b 2.7 5 :4 911 6 13 & 10 12.17 15
4 b » b 2 b b 1l-6 4 3B ¢+ 810 5 i2 7 9 11-16 14 13
5 b b 1 b b b5 3 2 7 6 411 6 8 10-.15 13 12 17
Gk b b b b b-4 8 1 6 8 ¢+ 310 5 7 9-1412 11 16 18
V4 P b b =3 1 b» 5 7 2 :9 £ 6 8e-1% 11 1015 17 12
8 b » Pb-2 b b 4 6 1 & 05 5 7.128 10 9 14 16 11 18
g b b1 b » 3 5 b 7 2 4 6-1L 9 8 1% 15 10 17 12
10 b-b b b 2 4 b 6 1 B : 510 8 712 14 9 16 11 13
Note: 1. "b" represents a usable blank.
2. Colwm of colons represent end of ten time-units afier

srecch starts.
3. Diasgonals composed of hyphens mark the end of one code
cycle and the start of another code~cycle.

**Phis, is the condition subisfying the code shoun on SS-803577.

*Tais, or course, assumes that the brushes at both transmitting
ané receiving temiinals arc on corresponding portions of like
aumbered commubator segments at the some instant,
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the same code (that is the same connections in the code-
connector) as shown on ES-803577. This table shows for
twenty consecutive time-units the sequence in which speech-
units are transmitted over the line, if the talker starts
speaking Jjust as the brush contacts one of the commutatoyr
segments indicated.

It will be noted from this table that the
Uscramble" (a term often used to designate the unnatural
sequence in which speech-units are transmitted over the
line) is different for each condition shown even though the
same code (i.e. the same connections in the code-connector)
is employed throughout. It will also be noted, again at the
end of the tenth time-unit after talking started (indicated
on the table by a column of colons), thet five speech-units,
not always of the seme identity but alweys five in number,
have been transmitted over the line. As previously explalined,
the exact number of speech units tiansmitted by the end of
the tenth time-unit after talking starts may vary from one
to nine depending upon the code used and in this instance
happens to be five, However, for any given code, the number
of speech units transmitted during the first ten time-units
interval is independent of commutator brush positions at the
time -talking starts.

Up to the present, "scramble" has been considered
in terms of numbered speech~units. In order to further il-
lustrate how speech 1is scrambled by the applicaticn of TDS
principles, the speech-units will be considered in terms of
their "speech material" contents. 1In this connection, sup-
pose, simply for the sake of illustration, that part of a
military order treansmitted over the system shown on
wS-803577 reads, "The sixth armored division will support
the assault." Furthermore, for convenience in illustration,
suppose that the talker's speech rate is such that the
sounds represented by each two successcive letters fall into
successive speech-units. The speech wmay then be divided into
speech-units as shown by the first line (4) of Diagram I,
below, in which colons have been employed to represent such
division., These ynits have been assigned successive numbers
as indicated by line (P). Tor clarity the spaces between
words have been treated as letters.

The next three lines are again based upon the
arbitrary assumption that transmitting commutator seguent 1
is contacted by its brush as the talker starts speaking.
Line (C,) therefore shows the position of the commutator
brush as each speech-unit is recorded on the trans-
mitting tape. ILines (E,) and (#.) show, respectively, the
sequence oi and specch ~ material in each of the speech-
units as they are transmitted over the line.
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The last three lines (C.), (E.) snd (F.) are the
same as the previous three exceptt%ﬁ;the? are basgd on the
assumption that commutator segment 6, instead of segment 1, *
is conbacted at the instant the talker starts speaking.

It will be noted that the "scramble™, which 1is, |
in effect, a transposition cipher of speech sounds, is ap- {
preciably different in each case. It will also be noted, in |
the first case, that three bime-units elapse alter speech
| starts to be recorded on the transmitting tape before the
Tirst speech signal starts to be sent out on the line. In i
the latter case, five time-units elapse. Furthermore, in |
the first case, all of the sentence has been transmitted |
after the elapse of thirty time-units, while in the second |
| cese, thirty-three time-units are required before it is all ‘
transmitted, !

P

It is not to be understcod from this, however,
that it takes more time for the listener to receive speech
sent out under the second condition than it does when sent
out under the first condition. In each instance, although
not evident from Diagram I, the listener will receive the
Tirst speech sound ten time-units after the talker starts ;
| (still assuming zero circult delay) and the last speech
sound of the sentence ten time-units after the talker
g finished or thirty-five time-units z2fter he started.
( DIAGRAIL T
t
t

Tllustration of Spzsech Scrambled by 10-ilement TDS }

: Speec_h Divided into Units (A):TH:E :SI1:X0T:H sAR:I0:RD: D:IV: g
! Speech~-Tnit Numbers (B): 1: 8: 3: 4: 5: 6: 7: 8: 9:10:

Order of Commutator Szgnents (Cl):l: 2: 3: 4: 5y 6: 7: 8: ©:10:
(8. Tnit. No. {(Bp)ims =2 —t 1t B2 2 B: -t 2 4 '

Seramble g iy, (F})e—t -z —sTH:SI: B ; -2 |

Ordexr of Commutator Segments (Cgj:6: 7: : :
(S. Tnit. Wo. (Bg)em?: =2 =2 =t ~f 4: 2¢ 1: 6: 8:

seramble (s, mnit, (F.j: : 2

(]

tLL: S:TP:P0sn: Tellue Al
15:16: 18:190: 20: 21: 228 253

¢ 75 8: 9:10: ;
£ 25: 20: 222 24z '
0:IT: T A:AT:

6:1%7
T 6 7 B¢ 9:10: 1 2 B 4 5: 6
8:15:10:12:14:19:17:16:21:25%: 18
G P

IV s ED LIV IO s T T S HRE LSS

6: 7: 8: 9:10: 1l: 23 3: 4: S: 6+ T: 8 9:10: 1: 2 Bt 4: 5
3:10: 5: 7: 9:14:12:11:16:18:13:20:15:17:19:24:22:81: ¢ .-:_* ;
TeIV: H:kO: D:UT:IO0:IS: S:D0:H ¢ TiLL:UDtRTIAU: AtHE: wmt 5

¥nits 2% and 25 will Tollow successively with a blank

speech-unit between ther; i.e,:383: 1LY

Nobe: The "e" in "ammored" has been purnosely omitbted because i
- it is sgilent in the pronunciation of the word. gog:m




App. A
| Page 13
| SECKAT

! . In general, when the talker starts the brushes
i w1ll.be somewhere within a segment, rather than just com- i
mencing to sweep a segment. This will cause a different '
division of the speech into speech units. In order to
demonstrate this, suppose that each speech-unit is composed
of a very large number of very small finite bits of speech |
arranged in their natural sequence. for want of a better
name these small bits of speech may arbitrarily be called
speech-increments., Now suppose that one hundred of these i
lncrements are required to completely fill one speech-unit. I
Any other number of them could be assumed as making up a |
speech-unit but one hundred appears sufficiently convenient a
’ for the purpose &t hand. Now suppose the same connections f
in the code connector, as shown on E5-803577, are agailn l
used, but that the talker starts speaking at the instant the |
brushes have swept over nine-tenths of commutator segment 1.
Under this condition, the so-called first speech-unit can be
visualized as being one in which only the last tenth is .
filled with speech material; the first nine tenths being i
blank. This speech naterial is composed of the first ten {
speech~increments spoken. Referring to Table II and Diagram
I, it was seen that when the talker started speaking when
tlie brushes contacted comwutator seguent 1, speech-unit 1 )
was sent out on the line first, starting three time units .
after the talker starts. Under the assumptionsof the present }
paragraph, only the first ten increments of the hundred which '
compose the "TH" sound shown in line (E%) of Diagram 1, would {
h .
i
j

be sent out on the line during the four time-unit after the
talker starts. The next ninety increments would appear in
speech~unit 2., It therefore would contain most of the "TH"
sound rather than the "E" sound shown in the diagram. Like-
wise, the last forty increments of the "E" sound shown in
speech-unit 2 of the diagrem would appear in sveech unit 3, i
etc, Since speech-unit 3 1is transmitted immediately folliow-
ing speech unit 1, it will be seen that the first sSpeech ;
sounds of the scramble would be changed from the "TH:SI" :
| sound of the diagram to something like the start of a "TH"
sound followed by most of an "E" sound and most of an "3"
sound, etc. It will be appreciated that this explanation
| is difficult to illustrate by means of a diagram because Of

: the necessity of splitting letters which represent speech
sounds. The explenation could, of course, be continued for
' the rest of the sentence and for & different position of
the transmitting brush, However, this is sufficient to show
' that even in fixed code operation the "scramble" or seguence
of speech sounds transmitted over the line is dependent upon
the position of the brushes with respect to commutator seg-
ments at the time talking starts. Consequently, because it
is improbable that the brushes will twice be on the sawme
spot when the talker starts speaking, words or senbtences |
repeatedly spoken over a TDS system are usually scraibled
differently each time, even though a fixed code is used.
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Listening tests made with words spcken over TDE
systems at a normal or at a higher than normal rate of
speech bear this out.

It has previously been mentioned that TDS
"scramble" is vulnerable to direct listening, particularly
at low speech rates. The reason for this will now be con-
gidered. Suppose, for exemple, 1000-cycle tone is trans-
mitted over the system. In this case, speech-units, each
composed cf what might be called Ysections™ of 1000 cycle
tone are displaced with respect to each other. This, of
course, makes no difference to the ear because the result-
ant "scramble" is still 1000-cycle tone even though the
sections of 1000 cycle tone have been rearranged in a dif-
ferent order than that in which they originally occurred.
Now consider, for example the word "two". It is composed
of the staccato "t" sound and of the relatively long drawn
out vowel sound *"o-o-~o-o¥., The latbter becomes very pro-
nounced if the word is spoken slowly. din this case, the
situation 1is much the same as with 1000-cycle tone, the
long drawn out sound of the "o" is broken up into speech-
units which are transposed among each other with no ap-
preciable change in the sound. The scramble of the whole
word might sound, Tor example, like "o-t-c-o-o" or it might
even sound like "t-o-o~o0-0", vhich is the same as the ori-
ginal word,

In general, words composed of few and relatively
long drawn out sounds are more vulnerable to direct listen-
ing than are those composed of many and relatively staccato
sounds. Examples of the forwmer are "when", "where" and
tyhy" and of the latter "rectification" and "technique'.

1.3 Codes

As will have previously been noted, the term
"scramble", when used in connection with TDS systems, re-
fers to the unnatural seguence in which speech elements
are sent from transmitting to receiving terminals. On the
other hand, the term "code" refers to the order in which
pole-pieces are connected to the line (or other transmission
medium) by the commutator. Codes are determined by connec-
tions established in the code-connectors.

In general, TDS codes may be considered under two
classifications - (1) usable codes and (2) unusable codes,
With usable codes, the transwmitting TDS terminal will
scramble speech in such a manner that the recelving terminal
can completely and satisfactorily restore it., “With un-
usable codes, the transeitting terminal will scramble speech
but in suchi a way that it cannot be properly restored by the
receiving terminal, For this reason, consideration of un-
usable codes would ordinarily be of no further interest.

SECRET
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However, a knowledge of them is helpful if they sre to be
avolded in the setting up of usable codes.

The recuirements to be met by codes in order that
they be usable are: (1) no speech-unit can be transmitied
more than once, (2) speech-units cannot be superposed one
on top of the other and (3) no speech-unit can be exempted
from transmission. Of these conditions, the Tirst must be
observed because in any one code-cycle ten time-units only
are available for the transmission of ten speech-units, If
one or more of the speech-units were to be transmitted more
then once it could only be done either at the expense of not
transmitting other speech-units or of superposing them upon
other speech units. This would violate conditions (&) and
(3)., Condition (2) is nccessary beceause it is impossibls to
again separate the single unit resulting from superposition™
into its original componesnts, Condition (3) is obvious,
siace if one or more speech-units are not transmitted, 1t
is not possible to rcstore the spesch in its entirety.

At this point, it is desirsble to add to the con-
ception of a speech-unit. It is, of course, evident that
in any conversetion psuscs or veariable duration are bound
to develop betieen wordsS and bLebtwecn sentences. ihen coun-
versation is carried on over a TDS system, tnese pauses
may be sufficiently long for one or more speech-units to be
eithrer partially or entirely void of speech material. Ior
this reason, the conception of a speech-unit must include
those which are entirely blank as well as those which are
either partially or completely ¥illed with speech material.
furthermore, since usable codes require that all speech-
units be transmitted, it is necessary that blank speech-
uniis be,; in effect, transmitted as well as those which are
either partially or completely filled with speech material.
The blank units may be considered as room noise which is -
also picked up and coded,

Unusable codes violate any one or any combination
of the three conditions, steted above, which pertain to
usable codes, Some obviously unusable code connections
will be given. Assume for example that less then ten
*In this connection, it is, of course, possible to visualize

a frequency conversion of one of the speech units go that
it would occupy @ different freguency band than the other.
These ‘then could be superposcd, in the sense that they
would occupy the same time-unit, and could again be
separated, This, however, is not true superposition of
common Ireyuencies and, tnerefore, is nct in accord with
the meaning intended in this explanetion of “DZ coding
principles,
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, interconnections are provided in the code connectors, Under
| such a condition, one or more of the commutator segments are
idle. Conseyuently, when tihe brush contacts such segments
certain speech-units are not impressed upon the line. This,
of course, violates the previously stated condition (3),
for usable codes., Liext, assume that ten interconnections !
are provided, but that they are so arranged that certain
commutator segments are idle and other commutator segments
‘ } are involved in multiple connections to sealed switch re-
lays. For example, suppose that the connection between
segment 1 and sealed switch "b", as shown oan ES-803577, is
> shifted horizontally so that commutator segment 1 is not
connected to anything and commutator segment 2 is connected
to both the "b" and "e'" sealed switches. Under this as- ,
sumed errangement an unusable blank is produced when the
brush contacts segment 1. “hen it contacts segment & the
two speech-units which at the moment lie, respectively,
between "e!" and "d" and between "b" and "a'" on tlhe trans-
mitting tape are superposed and transmitted over the line
as a single unit, Consequently, with code connections of
such character both conditions (2) and (3) for usable codes
are violated. As a third illustration, assume that ore
than ten interconnections are provided in the code-~
connectors. Obviously undcr such an assumption, since
there are only ten segments, soume of the segnents must be
involved in multiple connections to sealed switch relays.
Since, as previously explained, the connection of more than
one sealed switch relay to a single commubtator segment re-
sults in superposition of speech-units, it is evident that ‘

—

s e b st o

the use of more than ten connections in a code coanector
| violates condition (2) for usable codes,.

The first rule to be Tollowed in setting up usable
codes, therefore, may be steted as follows: "iach com-
mutator segment, 1ndlv1dually, must be connected fo soiie |
‘ . one, but to only one, of the nine sealed switch relaysh, 1
Tf this rule is followed conditions () and (3) for usable
codes will not be violated, but it is not sufficient to
satisfy condition (1).

‘ I, rule will be developed uext to assure that con- |
dition (1) for usable codes will be met, GLxamination of
the code connections shown on ES-803577 discloses, first,
that of tlie nine horizontal conductors "a" to "i¥ in the
code connectors only certain ones are connected to commuta-
! tor segments and, second, that certain others (more speciric-
D ally "b", "g" and "a") are connected to more than one seg-
‘ % : ment. Thus more than one commutator segment ic connected to
the sawe sealed switch relay. This in no way viclates the
provisions of the rule JUSu stated which reculres that each
commutator segment must be connected to one relay only. In
fact, the rule makes the use of multiple horizontal connec-
tlons necessary because ten connections must be provided in
the code connector and there are only nine sealed switch '
relays available., It is evident, therefore,that one of the
= relays must be coannscted to at 1east two comwutator seguents.
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{ While multiple connections on the individual
[ horizontally arranged conductors in the code-connectors do ;
not necessarily produce unusable codes, these multiple con- '
nections must be arranged properly with resmect to each
other or else unusable codes will result. To illustrate
an improper arrangement, assume thet connections are ar-
| ranged as shown in Diagram II, below.

| DIAGRAM TI

i Illustration of Unusable Code Which heets First
Rule for Setting Up Usable Codes

X X |
X :
X
X
X
X
X
X

OO O G

%
12345678910

a
} S . . n

| NOTE x's represent connections in code-connectors.
t

It will be noted that the first nine of these connections i
are arranged along a common diasgonsl, which sterts in the l

' lower left-hand corner of the code-connector at the "l-a® :

b intersection and extends upward to the right to the n9-in ,

intersection. Thie arrangement satisfies the first rule o

| which has been established for usable codes bescause each ;

|; conmmutator segment is conuected to one and only onc sealed !

switch relay. However, this assumed code is unusable. The
reason becomes evident as the action of the terminals is
examinea,

' To show this, suppose a talker starts spesking
as the brush contacts segment 1. (If desired, any other
position of the brush can be assumed for that instant with
comparable results), As the brush sweeps commutator seg-
| ment 1, the first speech-unit is recorded upon the trens-
mitting tape, and pole~piece "a" is conuected to the line.
As the brush contacts segment 2, the first speech-unit
o has reached pole-piece "a" but at this instant pole-piece
| mav ig disconnected frowm the line aud pole-piece "b' is
connected thereto. As soon &s the first speecl-unit reaches
pole-plece "b" it is disconnected and pole-plece Me! is
connected. This process continues, with the rirst speech-
unit "chasing" a pole-pisce which 1s connected to the line
but not reaching one until the start of the tenth time-
unit. During the tenth time~unit, pole-pilece "i%;, which
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.had been connectfed to the line at the start of the ninth
time-unit, remains connected to the line. Consequently,
speech~unit 1, which had reached pole piece "i" at the end
of the ninth time-unit, is finally reproduced, transmitted
and recorded upon the receiving tape.

So far everything seems according to plan but
difficulties now appear. At the end of the tenth time-unit
the first speech-unit is reedy to be erased from the trans-
nitting tape and the second speech-unit is ready to pess
through "i" pole-pisce, On the receiving tape speech-unit 1
is ready to be impressed upon the receiver. However, no
other speech-units have been recorded upon it. Consecguently,
it is evident that unless pole-pileces "i" at both terminals
remain connected to the line, speech-unit 2 cannot be re-
produced, transmitted and recorded upon the receiving tape
during the eleventh time-unit and will therefore be lost.
During the eleventh time-unit, however, the brush is again
on commutator segment 1 and pole-pieces "a", instead of "i",
are cocnnected to the line. As a result, gaps in the re-
stored speech are bound to result end condition (3) for
usable codes is violated because all of the speech-units
have not been transmitted.

Other difficulties ncw arise. During the eleventh
time-unit when pole-piece "a" is conuected to the line,
speech-unit 10 is reproduced, transnmitted and recorded on
the receiving tape. However, at the end of the eleventh
time-unit (or at the start of the twelfth time unit) speech-
unit 10 has just arrived at pole~piece "b". Also, at this
instent segement 2 1is contacted by the brush, pole-piece
"b" is connected to the line and speech~unit 10 is again
transmitted. At the receiving end, speech-unit 10, which
was recorded upon the tape during the eleventh time unit,
arrives at pole-pilece "b" just in time to meet the second
transmission of speech-unit 10. As a result, during the
twelfth time-unit, speech-unit 10 is superposed upon itself.
If trouble is taken to follow subseguent operations through
the thirteenth to nineteenth time-units, inclusive, it will
be observed that speech-uuit 10 is recorded on the same
section of receiving tape, a total of nine times. During
the twentieth time-unit speech-unit 11 is reprcduced, trans-
mitted and recorded upon the receiving tape,

Thus, for a twenty time-unit interval, which com-
mences as the telker starts speaking, only speech-units 1,
10 and 11 have been transmitted and speech-units 2 to 9,
inclusive, have been lost., The assumed code violates all
conditions (1), (2) and (3) for a wusable code. The listener
would only hesr speech-unit 1 followed by a blank of nine
tine-units duration followed by speech units 10 and 11, etc.

Examination of Dicgram Il reveals that the diffi-
culty outlined above results from the fact that more than
one code connection lies on a common diagonal. This is the
reason that speech unit 10 is transmitted nine times and,
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furthermore, is transmitted this number of times at the
expense of not transmitting speech-units 2 to 9, which
should have been transmitted. NJow suppose another code is
assumed, This one also meets the reguirements of rule 1
for usable codes, but it has only two connections on s
common diagonal. This is shown in Diagram IITI,

Diagram IIX

Illustration of Code Which h@ets First Rule For Setting Up
Usable Codes But Which Sends Out a Speech-Unit. Twice

-
s e o s ¢ Y e
1 = Ak

h..,......... 3 Gkt
g.........y......x.—..x
f_x § e e e

(Sl e Sag
X =K
Cor—mm
Demm————— -
g ——
1234567880

Z—::
Q
l-—
=4

»'s represent connections in code
connector. Colons are shown to
mark the diagoral which is involved
in double connections. Dashes re-
represent no connection.

In thie diagrzam two code connections are shown
on the common diagonal indicated by colons. The connections
are "1 to 4" and "4 to g". To show that one of the speech
units is reprcduced, trensmitted and recorded upon the re-
celving tape twice with this code, it is unnecessary to
completely trace the secuence orf operations through 2s has
been previously done. It is evident from previous discus-
sion that some one speech-unit is reproduced, transmitted
and recorded upon the receiving tape when the brush contacts
segment 1 and connects pole-plece "d" to the line. As the
brush contacts segrent 2, this same speech-unit has advanced
to pole-piece "e!", but, in this instance, it is not re-
produced because pole-plece "f" is connected to the line.
Likewise, when the brush contects segment 3, this speech-
unit hss advanced to pole-piece "f" bubt "a" is connected to
the line. VWhen the brush contacts segment 4, this speech-
unit has arrived at pole-piece "g". 1n thiz cnse, however,
pole-piece "g" is connected to the line. Thus, it will be
observed, this same speech-unit is again reproduced, trans-
mitted and finally recorded upon itself atv the receiving
terminal. - This same line of reasoning can be rollowed for
any arrangemcnt of codes in which two or more conaeccions
gpperr on a comuon diagonal and it will alweys be found that
certain speech units will be transmitted more than once.
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The code of Diagram III thus shows that two code
connections cannot be placed upon a common diagonal if
usable codes are to be obtained. In this connection, it
is necessery to define specirically which diagonals are
meent. Obviously in a code-connector grid two sets of
diagonals can be visualized; one set sloping downward to
the right and the othsr upward to the right. In Diagram
IIT, the diagonals which slope upward to the right are of
major interest, becsuse multiple code~connectors cannot be

placed upon them without producing unusable codes, and are
called "major" diagonals.

The slope oY major diagoneals is not always upward
to the right but depends upon the order in which commutator
segments are wired to the veritical conductors in a code-

connector grid and also upon the order in which the horizontal
conductors of the grid are connected to sealed switch relays.

Disgram IV has been prepered to illustrete the direction of
major diagonals (shown by hyphkens) for four different wey
of connecting to code-connector grids.

DiAGRAK IV

Slope of Linjor Disgonals
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Viring arrangements other than those illustrated ;
by the above four figures of Diagram IV may be visualized. f
The direction of major diagonal slope for any obher wiring N
arrangement may be debtermined from the respective directions ’
of vertical and horizontal components; one component taking
the direction in which the commutator segment numbers in-
crease and the other component taking the direction in which
the sealed switch relay letters follow the normal alphabetical
sequence, i.e. in the direction from "a" towards "i",.

It is now possible to establish a second rule
for setting up usable codes. This rule is "Only single code ,
oonneotlons of the ten requlred shall appear upon major |
diagonals of a code-connec tor prld" The first rule together |
with the second rule completely specifies the requirements
for usable codes. i

In the application of these two rules, however,
the meaning of the term "major diagonal® must be enlarged to !
include the portions of the diagonal which extend beyond the
diagram. The need for this extension is seen when it is
realized that in certain respects a code-connector is nothing
more than a time-position coordinate system for speech units,
in which time is reckoned in time-units as the brush sweeps
each commutator segment, and in which position along the
magnetic tepe, is determined by the locations of the various
coding pole-pieces. A speech-unit first appears below pole-
piece "a". At the next time~unit it moves up one step. As
time proceeds the speech-unit rises through the diagranm,
and its path is a major diagonal., Only two of the dlagonals ‘“
lie wholly within the code connector diagram, and the other
sixteen diagonals extend outside of the code~connector,
This is necessarily so because the "useful" life (nine time- !
units) of any speech-unit is represented by the period re-
quired for it to move through all nine of the coding pole-
pieces. The fact that most of the diagonals extend beyond
the limits of the code connector grid means that the speech-
units which travel along such diagonals are available for
reproduction in more than one code-cycle. A speech-unit
must be reproduced only cnce, however, and therefore there
can be only one code connection on the whole diagonal which
represents the path of the speech-unit.

The two previocusly developed rules for usable ]
codes may be combined into one general rule which follows: i

"To set up a usable code egach individual
commutator sechnt must be connected to
some one of the nine sealed switch relays
but to not move than one of them. Of
These conmecbiolus between sepments and .
relays, only one may be pleced upon any ‘
major dlazonal of the “code connector grid
including such portions of the major
diagonals as oxtend bevond the 1inits of
the cude-connector. o SECKET
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Usable codes may be divided into two general
classifications, which may be called "Non-consecutive
Element" and "Consecutlive Element" codes. In a ten-
element TDS system such as that shown on drawing
ES-803577, "Non-consecutive Element" codes are such that,
the ten speech-units scrambled in one code-cycle are not
selected from a single group of ten consecutively numbered
speech-units, For example, it is possible to arrange a
usable code so as to transmit, during one code cycle,
speech elements in the order: 4, 2, 1, 9, 8, 10, 7, 6, 13,
15. If these speech-elements are arranged in their natural
sequence, they do not form a group of ten consecutively
numbered speech-elements., Speech-elements 3 and 5 were
transmitted during the previous code-~cycle and speech-
elements 11 and 12 are nobt transmitted until the next suc-
ceeding code cycle.

"Jon-consecutive Blement" codes constitute a
substantial fraction of the codes used with repeated code
TDS machines., They are not convenient to use if codes are
to be changed automatically each code cycle. This is be-
cause some of the speech«units would be lost when the code
is changed, unless the automnatic cguipment is supplied with
a memory.

With "Consecutive Ilement" codes the ten speech-
units transmitted each code=cycle are selected from a group
of consecutively numbered speech~units. For exanmple, during
a given code-cycle, such a code might transnit speech-
elements as follows: 3, 1, 7, 6, 2, 10, 5, 4, 8, 9. If
these smeech-units are arranged in thelr proper seqguence,
they form a group of consecutively numbered speech-units
from 1 to 10, inclucive,

"Consecutive Tlement" codes are the general type
employed when different codes are used during each successive
code-cycle., Lowever, even these codes require that certain
restrictions be placed upon their selection, if they are to
be suitable for such use.

The code connections of a "Consecubtive mlement®
code lie upon ten successive major diagonals of the grid.
For fixed code operation, it makes no difference which
ten of the eighteen major diagonals of a code-connector
grid are selected for use, providing that the ten which are
selected are adjacent to each other. “Vhen automatically
changing codes are used it does make a difference. Two
successive codes might each be usable separately as fixed
codes, but as successive codes in autometic operation the
second code might repeat speech elements alrcady transmitted
by the first code. Such a situation is shown in Diagram V.
The reason is that the second code encroaches on major
diagonals which were used in the first code. The speech~
unit picked up at the eighth segment in the first code will
be picked up again at the fourth segment of the second code.
Two other such overlaps ere &lso indicated. As a result,
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if the arrangement shown were to be used, three speechwele-
ments would be sent out twice and three would be lost.

DIAGRAM V

Qverlap Be}yeeg Two Consecutzze Element Codes

i 3
=
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! X syry oy
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d x Xy y
C X X X3
b x LimX
a X ;=2

'1254567é9% 123456783“%

CODE CYCLE CODk GYCLE
i Y

At e T

NOE&L Only the major diagaonals involved in multiple
connections due to Qverlapping codes have been
shown., Colons are used to designate two of
these diagonals and hyphens are used to
designate the other,

The overlapping of suceessive "Consecutive
Element" codes may be prevented by restricting the ecode
connections: to the correspondingly same ten ma jor-
diagonals in each code cycle, Figures 1 and & of
Diagram VI show two of several possible arrangements
which 1llustrate this statement, When code connections
are restricted to the locations indicated (in the case
of Figure 2 by outlines only)anone of the speech~units
which are represented by diagonals in code-cycle "X"
can be transmitted during code-cycle "Y" and none of the
speech~units represented by diagonals shown in code~cycle
"yt can be transmitted during the succecding code-cycle,
"Z", ete.

Codes of the general type illustratcd by
Diagram VI, . in which the choice of codc¢ conncctions is
restrictecd to the corrcespondingly same ten diagonals in cach
codc-cyclc, arc truly "sclf-containcd" codes, These codes
are the speeiel type of "consccutive cloment™ code which must
be uscd during continuously rcecycled opcecration. The C-50
system cmploys the "sclf-contrincd" codes of the type illus-
tratcd by Fig., & of Diagrem VI,
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DIAGRAN, VI

Restriction of Consecutive Element Codcs

to Corrc.sponding Portions or Cod. Conn.ctor Grid
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The total numbcr of usable codes for a
ten-element system which is not restricted is
1,344,961. All of these are available for fixed
code-operation. For continuously recycled opera-
tion, with the code connections restricted to the
major-diagonals indicated by PPig. 2 of Diagram VI
there are ©5,401 codes aveilable. Of these 60,316
can be generated by the continuous coding eyuilp-~
ment. (See Appendix C).

2. MACHINE DEIAY

llachine~delay is an erbitrary term which
1s used to differentiate delay in The transmission
of speech resulting from the YDS "scrambling=
unscrambling" process from circuit delay which is
caused by a finite velocity of propagation of
speech signals over transmission Tacilities which
connect the TDS terminals.

Ilachine-delsy may be divided into four
components which are respectively celled (1) re-
cording delay, (2) scrambling delay, (3) restoring
delay and (4) reprcducing delay.

Recording delay, wirich occurs in prepara-
tion for scrambling, is the time recuired for
speech to travel from the recording pole-piece to
the first coding pole-piece ™a".

Scrembling delay is the delay which re-
sults from arranging speech-units in an unnatural
seguence. It is alweys equal to some whole multiple
of a time-unit, from zero to eight, inclusive,

Kestoring delay is the delay which results
from recrranging the scrawmbled speech-units into
their original natural sequence., 1t is,ligewise,
always equal to some whole multiple of a time unit,
from eight to zero, inclusive.
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Turthernore, restoring deley, for an individual speech= i
element, is conpleientary to scrambling delsy so that the
sunn of the two is always equal to eight time-units, Tor
this reason, scrambling and restoring deilay coupcnents
are usually considered collectively and are designated by
the tem "coding delay" even though bcth the "scrambling-
unscrambling' precesses are involved in it. '

Reproducing delay is the time required for speech
to travel fron the last coding pole-piece "i" to the re-
producing pecle-piece, when the machine is arranged for un-

l scranbling.

In transmission through a TDS systen, each speech=-
unit is individually subjected to all of these delays aand
each speech-unit is subjected to the same total delay. |

Code ccnnections have a direct influence upon

scrambling and restoring delay. It is possible to predict ‘
| from the code used, in any particular case, how many speech-
units will be transnmitted by the end of each ten time-units
after a talker starts speaking. This can be done by assign-
ing to each code connection a nunber which corresponds to
its location above, (in terwms of horizontal conductors of
the code-connector) the "a" conductor. The average of these
nunbers will be the avsesrage scranblios delav Tor the code
used, I'or exanple, in the case of the code shown on
I3-803577, the number assined to the first cecae-connection
wnould be 1, to the second would be 4, to the third 6, etc.
The averare of all ten such numbers, in this case, is 4%. '
This is the average scrambling delay for the code in question !
' expressed in time-units. The averagye rccording delay, in
‘ the TDS illustrated, is 1, consequently the total average
tranomitting machine delay for the code is 5 time-units.
At the ¢nd of each ten timee-units after a talker starts
! speaking, the number of speech-units transmitted is equal
to the total time in tine-units ainus the average transnmit-
ting delay. In the case under consideration, therefore, by

the end of ten tiie-units after the talker starts,five sreech-
\ units are transmitted; at the end of twenty time-units fifteen
‘ speech~units are transnitted, etc, Ixanination of Table II ,
| bears this out. f

T e et =

[ R
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*Inciuentally, with usable codes, such averages can only
be either zero, or any whole number between 1 and 8,

i inclusive. If any other value such as 3-1/2 or 13, for

; exariple, is obtained the code is uanusable. This provides
another good check Tor usable cedes.
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While the system illustrated by ES-803377 has
recording and reproducihg delays eacli. equal to one time-
unit, the successful operation of a TDS system, hovever,
is not dependent upon this. In fact, if any material
benefit were to ve gained by so doing, the TDS machines
could be constructed to provide any desired value for
these delays between zero and sonething very large., This
is nentioned because in the C-E0 TDS machines, the pole-
pieces which perform the recording, reproducing and
erasing functions are lccated only two-thirds as far from
the coding pole-pieces as the distance between coding pole-
pieces. This results in a machine delay slijhtly smalier
(about 7 per cent) than the arrangement shown on
ES-803577. It is easily seen that this makes no difference
in the correct performance of the system. For exanmple,
supprose a talker started speaking over the systerr just as
the transnitting brush had finished sweeping the first
third of comnutator segment 1. Under this condition the
first speech unit, althouzh not completely recorded upon
the tape, would reach pole-piece "a'" just as the brush
contacted segment 2. Therecaflter the action would be no
di.fferent from that recorded in Table I. It is self-evident
that the location of the remroducing pole-piece, with re-
spect to the last coding pole-wiece, has no effect upon the
proper functioning of the systen.

The machine delay in the 2-5C TDS is 700 milli-
seconds.

3. C-50 TDS SYSTENM

3.1 Comparison - C-5C System vs. Ten Llement System

Basically the C-50 system operates in identically
the same menner as the fundementel ten-element system dis-
cussed in Cection 1. above. There are, however, important
differences in certain details,

In the C-50 TDS mechines eleven pole-pieces,
nine of them coding pole-pieces, are provided as in the
ten-element system. However, instead cf ten conmmutator
segments, twenty are provided. VWith the same brush and
tape speeds, therefore, C-50 time-units and speech-units
are only one-half as large as those employed with the ten-
element system.

With an arrangmment of tihils character, any given
spot on the magnetic tape, which is under a coding pole-
plece at the instant the commutator brush contacts a segment,
moves only half wey to the next pole-piece during the period
required for the brush to sweep the segment. Thus, it may
be considered that two complete consecutive speech-elements

CECRET
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occupy & region on the tape which extends between &djacent
coding pole-pieces at the instant the commutator brush
contacts some corrwutator segment., If it is now arbitrarily
assumed that odd-numbered speech-elements are just entering
the coding pole- pleces as the brush contacts an odd-
numbered segment, it is evident that during the time-unit
required for the brush to sweep the seguent, one of the
odd-numbered speech-elements will be reproduced at the
transmitting terminal, transmitted to the receiving tesr-
minal and vrecorded upon the receiving tepe. At the end
of the time-unit when the brush leaves the segrent, tne
receilved speech-unit will occupy the same corresponding
position on the receiving tape as the same unit occupies

on the transmitting tape. During this time-unit the even-
nunbered Speech-elements have advenced to the coding pole-
pleces so that in a similzr menner any one of them is

ready to be reproduced, transmitted and recorded while

the brush sweeps the next segment.

Fundamentslly, the action is similar to that of
tWO independent ten-element systems, one of which codes
odd-numbered speech-unite and the other even-numbered
speech~units, In effect, therefore, the C-50 system is a
special type of 2C-element system in which two similar but
completely independent ten-element code-connectors are
eriployed. One of them, celied the "odd" code-connector,
is wired to odd-numbered commubtator segments and the other,
called the "even" code connector, is wired to even-numbered
segments. This general arrangement may be seen on
EC-803576 where cdd-numbered csegments of a receiving com-
rmutator are shown connected, through back contacts of relay
PT3 and through contacts of key CCl to the odd fixed code-
connector {code box odd) and even-numpered segments are
shown connected to the even fixed code-connector (code
box even).*

Since, with an arrangement of this character,
alternate SpeeCL”unltS are coded by a set of connections
in one code-connector and the remaining speech-units, which
are interlesved betbtween them, are coded by another set of
connections in another completely 1ndependent coderconnector,
the C~50 codes are known as interlaced codes., One of them
is called the odd (or regular) code and the other is called
the even (or interlace) code,

- e em ew 8 v ge e ws e e e e
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*Phe two fixed code-connectors may be seen in photograppic
Figures 1 and &, mounted on the machine panel of the TDCS
equipment bay.
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3.2 Codes

| For fixed code operation,any of the 1,344,961
usable ten-element codes can be used in each code-connector,
The total number of usable C-50 codes available for fixed
code operation is, therefore (1,344,961)2, or about

1.8 x 1012,

Tor continuously recycled code operation, any of !
the 95,401 self-contained codes of a type illustrated by
Fig., 2 of Diagram VI are theoretically available for each
of the two code~-connectors. However, in order to simplify
the desizn and construction of the esutomatic coding equip-
nent, these have been restricted, as previously mentioned,
to 60,316 per connector. This restriction results from the
method enployed in setting-up codes. The automatic coding |
equipment sets up the odd code-connections for commutator seg-
ments 1, 3, 5, 7, 19, 17, 15, 13 in that order and sets up the
even codes for comutator segments 12, 14, 16, 18, 10, 8, 6,

4 in that order. 044 comautator segments 9 and 11 and even

conmutator segments 20 and 2 remain to be assigned. Eight of

ten major diagonals in both the odd and, the even codes have

been chosen and, two najor diagonals, in each, remain to be

chosen. In an unrestricted coding systen either one of the

two remaining major diagonals in the odd code-connector could

be chosen for segment 9, for exanple, in which event the re- |

maining diagonal would contain the code-connection for segment g

il. Likewise, there would be two remaining choices of diagonals |

for segments 20 and 2 of the even code. The automatic coding '

equipment, however, is constructed so that of the two remalning I

choices for odd and even codes only one is possible in each

! particular case. These choices are such that commutator segment

[ 9, in certain of the odd codes, is connected to a higher let-
tered sealed switch relay (in the sense that "i"™ is higher let- !

tered than "a') than is comrmtator segment 11, while in the re- :

| maining codes conmnmutator segment 9 is connected to a lower let- L
tered sealed switch relay than is segment 11. In certain of

the even codes, commutator segment 20 is connected to a higher

lettered sealed switch relay than is segment 2, while in the

remaining even codes it is connected to a lower lettered sealed

switeh relay than is segment 2. The total number of usable

codes available for continugus operation of the C-50 systen is

(60,316)2 or about 3.6 x 109, (See Appendix C)

The codes enployed by the C-50 systen arc known as
"displaced interlace" codes., With displaced interlace codes,
the starting points of the regular and interlace code-¢ycles
do not correspond, that is, if conmutator segment 1 marks the .
start of the odd code cycles, some commutator secment other than
segment 2 is used to mark the start of the even code-cycles.
In the C-30 systen, comnutator segment 1 marks the start of odd
code cycles but corrutator segment 12 is used to mark the start
of even code cycles. With an arrangement of this character,
if comnmutator segment 1 is arbitrarily designated as the
start of a 20-elenent code cycle, the consecutive ten
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element (celf contained) even code is converted to a non-
consecutive ten element code. Thus, in effect, a non-
consecutive element code is used in continuously recyecled
code operation., The reascn that this can be done is that
the last half of a self-cuntained even code is interlaced
with the first hali’ of a self-ccenteined odd code and the
first half of e completely new self-contained even ccde

is interlaced with the last half orf the odd ccde. This
permits a somewhat wider dispersion of speech-units in the
"scramble® than could otherwise be cbtained.

3.3 C-50 Scramble

Diagram I illustrated the¢ scramble produced by a
ten element system of the C-50 type operating on fized
¢oding. In order that a comparison might be mede, Diagram
VIIhas been prepered to illustrate speech scrambled by the
C-50 system operating on continuous coding. The sentence
chosen for illustration is the same as that used for
Diagram I.
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DI/AGRALL VL1
peech Scrambled by C-50 TDS System

Opereting on Continuous Coding
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i NOTES: 1. Illustration carried out for 4l speech units, i

2. Elz and Fl? show "scramble® when talker starts

speaking as brush contacts segment 12 at start
of first even code.

3. E18 and F18 show "scramble®" when talker starts

speaking as brush contoacts segment 18. Time is
reckoned from start of even code, same cocde
assumed as for Elz and FlB‘

4, Speech-unit numbers also correspond to time-
units,

5. Tach time-unit is *7.5 milliseconds.

6. Hyphens denote blanks, two digit numbers ¥
are arranged vertically to preserve proper ]
spacing in typed diagram.

Inpreparing Diagram VII tape and brush speeds ;
in the C-50 system are assuned to be the same as in the ‘
ten-element system illustreted. Therefore, time-units :
and speech-units in the C-50 syctem are only half as long |
as in the ten-clement system. Corresponding to this, the {

f

speech-units shown in DiagramVII contein only one letter
instead of two #s in Diagram I, The "scramble' has been
shown for two different conditions. Lines E o and FJZ

show the scramble when a telker starts to sp%ﬁk at -~ , ‘L
| the start of an even code-cycle, that is, as the commutator
Q brush contacts segment 12. The entire sentence has not :
been coded (as it wcs in Diagram 1), but wmerely carried |
sufficiently far to illustrate the manner in which the ;
| first 41 speech elements might be coded. Lines k and

Fy illustrate the scramble which results with the~ same
coge but with the talker starting speech as the brush
contacts segment 18 rather than when it contacts segment
12. Time is rcckoned, in this instance, from the start

of the even code-cycle so that the two different scrambles
might more easily be compared. It will be appreciated,

of course, that in ectual continuously coded operation the
same code would not be set up twice in succession. Con-

I sequently, if the same sentence were to be repeatedly

i spoken over the system, it would not be coded the same way
: any two times even though the sentence started each time
Just as the brush contacted some given segment.
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APPENDIX B

AUTOMATIC CODE GENERATING

J. GENLDRAL

The present appendix translates the general prin-
ciples of Appendix A into equipment functions which must be
realized in an automatically coding TDS. The discussion
covers the arrangements for excluding unusable codes, the
way in which circuit delay is compensated IfCr decoding and
the effect of circuit delay on the time avallable for coding
and decoding. A statement of the requirements on speed con-
trol for independently operated terminals is also included.
The discussion in this appendix is still somewhat general,
and the specific equipment is described in Appendix D.

1. AUTOMATIC GENERATION OF 'IDS CODES

l.1 Ten Element Codes

In Section 1.3 of Appendix A of this report, it is
shown that only consecutive element codes of the "self-con-
talined" type can be used for continuously recycled code op-
eration. In Section 3.2 of Appendix A it is explained that
the C-50 system employs self~contained codes of a type which
is beased upon the "major diagonal® diagram illustrated by
Fig. 2 of Diagram VI, This tyne of diagram was chosen
for the basis of continuously recycled C-50 codec, rather
then another type, such as that illustrated by Fig. 1 of the
same diagram, because, of all possible diagrams, it affords
the greatest number of self-contained codes. The ensuing
discussion, therefore, is confined to codes derived from
that diagram.

Drawing ES-803578 1s useful in explsining require-
ments which must be observed in the automatic generation of
ten-element TDS codes. The diagram shown on the drawing is
nothing more than a time~position diagram of speech units.
Fundamentally, it is no different from time-position dia-
grams discussed in Appendix A, but the method of representa-
tion is different. First, all speech-units have been shown
located in squares and have arbitrarily been numbered -5 to
-10, 1 %o 10 and +1 to +5. Second, the pole-pieces (termed
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coils on the drawing) are arranged with "a" at the top and
nin gt the bottom. As a result, the major diagonals, &s
designated by lines formed of the same numeral, slope down-
ward to the right. This is in accord with the explanation
of the slope of major diagonals as discussed in Section 1.3
of Appendix A and as illustrated by Fig. 2 of Diagram IV.
Third, ten major diagonals are enclosed by a heavy line.
This heavy line enclosure marks the ten major diagonals
which eare employed, during each successive code-cycle, in
constructing self-contained codes of a type used by the
C-50 system. Its significance, therefore, is the same as
the major diagonal outlines illustrated by Fig. 2 of
Diasgram VI in the main body of this report. It will be
noted that the general shapes of the outlines are the same
in the two cases tut the one shown on the drawing is skewed
downward to the right while those shoym in Fig. 2 of
Diagrem VI are skewed upward to the right. This differ-
ence in skew is due only to the different arrangement of
pole-pieces in the diagrams in the two cases.

The generation of a self-contained code for use
during any one particular code-cycle, such as, code~-cycle
"Y", will now be discussed. This code~cycle starts as the
commutator brush of the 'I'DS machine contacts commutator
segment 1 at the start of its "¥th" revolution and ends as
the brush leaves segment 10. Since the duration of time-
units is determined by the length of time required for the
commutator brush of a TS machine to sweep a commutator
segment, it is evident that the code~cycle is of ten time-
units duration. The time-units for code-cycle "Y' may ar-
bitrarily be designated "m" to "v"*, respectively, i.e.,
during time-unit "m", the brush in aits "rth"revolution
sweeps commutator segment 1, during time-unit "n® it sweeps
segment 2, etc., until at the end of time-unit "v" it
leaves commutator segment 10 and recontacts segment 1 at

the start of its™Mth"revolution or at the start of code-
cycle "Z",

Now suppose speech is belng recorded upon the
magnetic tape of a transmitting machine and further, sup-
Pose, the timing has been such that & unit of speech, which
will arbitrarily be called speech-unit 1, has just arrived at
mole-plece "Mat the start of code-cycle "y". . It will be

seen from ES-803578 that other speech units are availeble

- - - = e - - - - -~ am e . - e em . — - - - - - - - - - -

*Time-units have not been designated on the drawing, but as
explained,units “m" to "v" correspond respectively to com-
mitator segments 1 to 10,
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on the tape and have arrived at different pole-pleces, as
shown. It will be observed that these speech-units are
numbered s> as to show their relative locations with respect
to pole-pieces at the start of each time-unit. Thus, at the
start of time~unit "m", speech-units 5 to 1 have arrived at
pole-pieces "a', "p", nc*, nd® agnd "e", respectively. and
speech-units ~-10, -9, -8 and -7, which were recdorded pre-
viously to speech-unit 1, have arrived at pole-pleces "f",
Mot Mpt gnd "i", respectively.

vuring each successive time-unit, the speech-
units advance to the next succeeding pole-piece so thet at
the start of time-unit "gq", (i.e., brush starting on commuta-
tor segment 5), for example, speech~units 9 to 1, inclusive,
have respectively advanced to vole-pieces "i" to "a", This
action continues until at the start of time-unit ®"v" (i.e.,
the brush starting on commutator segment 10) speech-units 10
to & have arrived at pole~-pleces %Me" to "i", respectively,
and speech-units +4 #0o +1 have arrived at pole-pieces "a"
to "d", respectively.

In Section 1.3 of Appendix A it was shown, in con-
nection with piagrem VI, that the generation of self-con-
tained codes requires the use of the correspondingly same
ma jor diagonals from code~cycle to code-cycle. Since the
ten major diagonals, which are under present consideration
for code-cycle 7, mark the locations of speech-units 1 to
10 on the drawing, it is evident that speech-units preceded
by minus signs are involved with the correspondingly same
major diagonals but during the preceding code-cycle X. Such
speech~units, thersfore, will have been reproduced and
transmitted during that previous code-cycle. Likewise,
those sypeech-units preceded by plus signs are involved with
the correspondingly same major diagonals during the suc-
ceeding code-cycle "Z" and they will be reproduced and
transmitted duwring that succeeding code~cycle. In the
present discussion concerning code-cycle "Y", speech~units
preceded by plus or minus signs are, therefore, of no
interest and may be disregarded in this particular discus-
sion.

It will now be noted from drawing BS-803578 that,
during the time-unit "m", (commutator brush starting on
segment 1) a choice of any of speech-units 1 to 5, inclu-
sive, is offered. 'That is, any one of them may be selected
as the first speech-unit to be transmitted to the receiving
terminal during code-cycle "Y". Suppose speech-unit 4 is
selected for thiis, the first code connection would be com-
mutator segment 1 to pole-piece (sealed switch) b.
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Since, as explained in Section 1.3 of Appendix A4, L
it is necessary that no speech-unit be transmitted more R
than once, it is evident that commutator segment 2 must

not be connected to pole-piece "e" during time-unit "n%, .
likewise commutator segment 3 must not be connected to |
pole~piece "d% during time-unit "om", etc. In other words, :

| multiple code~connections must not be placed upon major

' diagonals. In automatic code generation, therefore, it is i
necessary, once a given code-connection is set up, to block !
the establishment of any other code-conmection which might |
otherwise fall upon the particular major diagonal involved. ;
This is done in the C-50 coding equipment by a process known
as exclusion. Exclusion is further discussed in Section 1.2
of this appendix.

e

D T

Following the selesction of speech-unit 4 for
transmission during time-unit "m», it 1s evident from
drawing ES-803578 that one of speech-units 1, 2, 3, S5oré
mizht be selected for transmission during the second time-
unit of code-cycle "¥", i.e., during time-unit "n". Sup- ;
pose speech-unit 2 1is selected for this purpose. The
second code-connection would then be commutator segment 2 .
) to sealed switch "“e". This process can be continued until
all ten code~-connections are established. In doing so, it
must of coursec be kept in mind, that only one code-connec-
tion can be placed upon any one of the ten major dlagonals.

' Diagram R~-I, below, shows one of the 95,401 self-

contained codes which may be constructed in this manner.

in this diagram speech-units are transmitted in the sequence
indicated by the top line. The second line shows the order ]
of commutator segments and the third line designates the
pole-pieces which would be connected to each commutator

segment by the code-connections to produce the unnatural
sequence of speech-units shown by the first line.

DIAGRAM B-I

[

CONSTRUCTION OF C-50 TYPE OF SELF-CONTAINED CODE

! Code gCommutator Segment 1 2 3 456 78910 ;
‘ . to ‘
; Connections ( Tole-Plece b 6 gobh bhg s ‘
l 1

The code shown in the above diagram 1s the same as
that shown in the fixed code connectors of ES-803577. ]
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1.2 Exclusion of Unusable Codes

Referring to EBS~-803578 let it be assumed that
speech-unit 4 is selected to be the first of the ten speech-
units to be sent out on the line during a given code-cycle.
Code-connection 1-b, therefore, would be made. This speech-
unit must not be sent out again. Consequently, code-connec-
tions &-c, 3-4, 4-c, 5-f, 6-g, 7-h and 8-1 cannot be em-
ployed, subsequently, during this code-cycle. Thus, in any
automatic code producer, automatic supervision must be pro-
vided which will exclude, once a given code-connection is
established, the setting up of any other code-connections
which would produce unusable codes. As an gid in explain-
ing how such supervision, which is called exclusion, is
aprlied to the C-50 code producer another time diagram is
shown on drawing ES-303579.

This diegram is a simple replot of the diagram
on ES-803578. Speech~units are plotted in the vertical
dimension, time is shown increasing from left to right and
commutator bars are shown at the top, whereas the pole-
pPiece, which must be connected to the line by means of a
given commutator segment to associate any speech-unit with
any code position, is shown in the center portion of the
diagram. Thus, for example, if it is desired to put speech-
unit 1 in position 1, from ES-803578, it is evident that
pole-plece "e" must be connected to commutator bar 1. Thus,
pole-piece "e™" in ES~-803579 is assoclated with commutator
bar 1 and speech-unit 1. Similarly, to put speech-unit 1
in the second, third, fourth or fifth position, pole-pieces
nge, g, Mht or "i" would be used.

It can now be shown how unusable codss may be
avoided. If it is assumed that speech-unit 4 is to be sent
first, in the "scramble" produced during a given code-cycle,
it is evident that pole-piece "Bb" must be controlled by con-
mutator bar 1. Usinz the diagram, it will be seen that
pole-—pieces W) ndn, nemn, nfn’ Mgn  "h" and 1i" must be
excluded, respectively, fron connection to commutator seg-
ments =2, 3, 4, 5, 6, 7 and 8, i.e., on ES-803579 the exclu-
sion must take place in a horizontal line on the same level
as the speech-unit under consideration.”

- - - - e e - e e = - -~ - - - P - - - - - — - e - - -

“This is the same as excluding along the mejor diagonals of
ES-800578 and 1s therefore the same as exclusion slongz the
major diagonals of a code-~-connector grid. Drawings of the
coding equipment show code relays arranged in a manner
indicated by ES-803579. 'This drawing, therefore, has been
introduced for convenience, although 1t establishes no new
principles.
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A relay circuit, described more fully in Section 0
1.3 of Appendix D, performs the above-mentioned functions, !
In it code relays, arranged much the same as shown on
ES-803579, are arrangsd in columns. ‘The columns are desig-
nated in accordance with commmtator segments. Thus, column 1 ’
contains five code relays designated l-a to l-e, inclusive. :
One contact on each relay is multipled (with the correspond- '
ing contacts of the other code relays in that column) to n
commutator segment 1, The other contact of relay "a" con- !
nects to sealed switch "a", that of relay "b" to sealed |
{

e IR

switch "b", etc. Thus, if any code relay is operated, the

commutator segment corresponding to the column in which the

relay is located is connected to the sealed switch which cor- :
responds to the designating letter of the relay. ZFor example, !
if code relay 5-d4 is operated, commutator segment 5 1s con-

nected to sealed switch "d". Consequently, when the commuta-
tor brush contacts segment 5 pole-piece "d" is connected to H
the line.

In addition to code relays, certain relays called
exclusion relays are provided to prevent the operation of
more than one code relay in any given line of code relays. :
For example, if code relay 5-4 were to be operated during a i

|
t

given code-cycle, the exclusion relay, associated with the

line »f relays in which code relay 5-d is located, would pre-

vent subsequent operation of any other code relay in that

line until the start of a new code-cycle. In other words, }

-

code relays 2-a, 3-b, 4-c, 6-e, 7-f, 8-g, 9-h and 10-i in

the sizth line from the top of the diagram of ES-803579

could not be operated 1n this code-cycle after code relay

5-3 had been operated. This "exclusion" arrangement pre- !
vents the establishment of multiple connections on major
diagonals and thereby prevents the setting up of unusable
codes.

1.3 ©¢-50 TDS Codes

So far, in this anpendix, the discussion of TDS
codes has been confinea to ten-element codes of a type which
ordinarily would be employed in conjunction with TDS machines
having nine coding pole-pleces and ten commutator segments.
The C-50 T08 machines ure equipped with nine coding pole- ,
pieces,; but have twenty, instead of ten, commutator segments. |
In this latter respect, therefore, they are different.

In general, the number of speech units involved in
the "scrambling-unscrambling™ process during sny TIS code-
cycle.is exactly the same as the number of commutator seg-
ments provided in the TDS machines, so that the C-50 system
employs twenty-element IDS codes. These codes compose &
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special class of twenty-element codes in which two complete-
ly independent, but interlaced ten-element codes are em-
ployed during each code-cycle.

To show this more clearly, drawing ES-803580 has
been prepared. The diagram on this drawing is the same as
that on ES-803578 except that (1) plain numbered and primed
numbered speech-units are indicated in alternate squares
and (2) twenty, instead of ten, commutator segments are
shown. These segments are alternately designated by plain
and primed numbers from 1 to 10.

With an arrangement of this character, plain
numbered commutator segments control plain numbered speech-
units and primed numbered segments control primed numbered
speech-units. Thus, for example, in code position 1
speech-units numbered 1 to 5 are available but in code
position 1' speech-units numbered 1' to 5% are available.
As a result it is possible to use two entirely independent
sets of ten-element codes in each code-cycle of the C-50
system.

Now imagzine the twenty speech-units and the
twenty commutator segments shown on ES-803580 renumbered
consSecutively from 1 to 20. PFor example, speech-unit 1
and commutator segment 1 would remain 1, speech-unit 1!
and segment 1?' would become 2, speech-unit 8 and segment 2
would become 3, etc. If this were done all of the plain
numbered speech-units and commutator segments would become
odd-numbered and all of the primed numbered speech-units
and commutator segments would become even-numbered. With
such numbering, odd-numbered commutator segments would
control odd-numbered speech-units and tihe "scramble" of
the odd~numbered speech~units would be determined by a set
of ten code connections. In the C-50 system these code
connections are called the odd or regular codes. Likewise,
even-numbered speech-units would be controlled by even-
numbered commutetor segments through the medium of ten
other code connections. In the C-50 system these latter
code connections, which are completely independent of the
ten code connections which determine the scramble of the

odd-numberefl speech-units, are called even or interlace
codes.

Basically, the automatie generation of each of
these two inderendent sets of codes, is exactly the same as

the generstion of single sets of ten-element codes described
in Sections l.1 and 1.2, above.

SECRET
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In the C-50 systewm, the interlace codes employed
are known gs displaced interlace codes because each odd
(or regular) code-cycle starts with commutator segment 1
while each even (oxr interlace) code-cycle starts with com-
mutator segment 12 (segment &' on drawing ES-803580).

In Section 3.2 of Appendix A and in Section l.1
above, it was stated that 95401 self-contained ten-element
codes are possible., It was also pointed out that, due to
certain simplification in design and construction of the
C-50 automatic coding equipment, it generates only 60,316
of the total 95401 possible codes. However, since 1t cen
do this for both the 0dd and the even ten-element codes,
the automatic coding equipment is capable of generating
(60,316 )2 twenty-element codes, See Appendix C.

2. COMUTATOR ADJUSTMENTS

Drawing ES~-803581 is @ simplitled schematic of a
two-way circult with TDS applied to bosh directions af
transmission and with s line having a delay of D. It is
necessary for the receiving commutstor brush to contact
each commubtator segment at the time when the proper speech-
unit arrives to be laid down on the tape. ‘fhus, if there
is delay in the line, it is necessary that the recelving
brush be delayed or set back of the transmitting brush by
an amount of time egual to the circult delay. This is
indicated in BS-803581 by the receiving brush lagging
behind the transmitting brush by an amount equal to D.

It is evident that means must be provided to
adjust this asmount of lag to take care of lines with dif-
ferent delays. In this drawing, the two transmitting
brushes are shown in exactly the same relative position
and each receiving brush is set behind its respective
transmitting brush by a delay of D. As subsequently ex-
plained, this is the most desirable setting. If, for ex-
ample the receiving brush at one terminal was set with its
associated transmitting brush end not lagging it by D ws
shown on the drawing, the receiving brush at the other
terminegl would then have to be set back of its associcted
trensmitting brush by an emount equivalent to 2D, Since
the scme coding equipment is used for both trcnsmitting
wnd receiving, ond since it is opersted from cycling seg-
ments provided for this purpose on the receiving commutu-
tor only, this letter setting would seriously limit the
¢bility of the coding equipment, depending, of course,
on the vclue of D, to set up sctisfeetory codes in time
ror both transmitting :nd receiving. PFurther explenution
will be helpful in this connection.
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Drawing 5S-803582 contains a time diagram showing
the effecct of the use of different codes for each code-cycle
and how this affects the time availeble to change codes. In
the actual code producer the first halfi of each code, i.e.,
that applying to commutator bars 1 to 4, is set up while the
second half, i.e., that applying to commutator bars 5 to 10,
is being used and vice versa., This sllows one complete set
of code relays Lo ve 3fL wp each code-cycle but gives these re-
lays time to be reset during unused time. These halves of
the codes-are indicated as "a" and "b" on this diagram.

At the top of the diagram a train of speech 1is
indicatea. It is divided into pieces, each of 10 speech-
units duration, corresponding to code-cycles (negleciing
interlace subsequently discussed). Each code-cycle 1s in
turn divided in two by a dotted line. Thus the first healf is
designated by "a" and the second half by "b" in ecach code-
cycle. The next line indicates the times during which trans-
mitting combinations will be made up for this speech. It is
apparent that no speech whatever can be sent out until at
least finite time has elapsed. This is because there igs a
delay as previously explained between the recording pole-
plece and coding pole~piece m"a", ¥

Thus transmitting combinations will be sent out
10 speech-units at & time. IT there is no delay in the
line the same coding combinations will be run through at
the same time at the receiving machine. This is indicated
in the third line. It is now of interest to consider the
time available for setting up new codes. This is shown as
"recycle time" between the second and third block diagrams.
Thus when code "la™" is belng sent out it is possible to set
up the "b" half of the coding relays and prepare for code
"lb"., Similarly, during transmission of "1b", the "a" hglf
of the relays can be set up for "Z2a", etc. It is important
to note that when the "a" code is being recycled it is set
for a brand new code which need have no relation to the "b"
half in use. On the other hand, when the "b" code is being
reset it must be set so as to fit in with the "a" conde which
is in use.

*In any actual combination it may well be that no speech
material will be sent for several time~units after speech
starts, This will occur if the combination is such that
pole~p1ece§ oM, "d" or "e", for example, are the first
ones used in the code~cycle, in which event usable blanks
would be transmitted.

?
i
'
i
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The fourth block diagram from the top indicates
the time relation of the receivingz combinations if there is
a line or circuit delay equal to two time-units or the dura-
tion of two speech-units. In this case each code must be
run through at the receiving end just two .tims-units leater
than the codes were sent out at the transmitting end. The
recycle time for this condition is shown between the third
and fourth block time diagrams.

It is apparent that circuit delay limits the re-
cycle time. Code "b" cannot be reset while it is being used
either for sending or receiving, simply because th: same
code relays are used both for transmitting and receiving.

As indicated, the recycling time instead orf being
a full hglf code-cycle or 5 units is now only 3 units.
Furthermore, if one receiving brush were to be set behind
its associlated transmitting brush by 2D, as previously dis-
cussed, the coding equipment used with that machine would
have gvailable only one time unit for recycling. In other
worde,recyveliny time foxr that machine would be equivalent to
helf a code-cycle minus twice the circuit delay. On the
other hand, if each receiving brush is set back from its
transmitting brush by an amount equal to the circult delay
the recycling time at each terminal is equivalent to half a
code-cycle less the circuilt delay.

It is apparent that this sort of a system is sub-
ject to a definite limit to the amount of circuit delay which
can be tolerated. Too large a circuit delay reduces the re-
cyeling time to such a small value that it is impossible to
release the o0ld code and set up a new one. In this machine
a circuit delay of over 150 milliseconds can be tolerated.

The diagram &t the bottom of ES-803582 shows in a
very schematic manner how the same TDS machine and same setb
of switches and code relays are used for both transmitting
and receiving. Double throw switches are indicated for
changing from transmit to receive conditions. In the actual
machine these functions are accomplished by relays operated
from a push-to-talk Key.

The upper group of switches control the microphone
and receiver connections, connections to the outgoing and
incoming line and comnections to the switches operated by the
commutators. They change the machine from a "code on repro-
duce" condition for transmitting to a "decode on record"

- - - m— e e, - - - - - - - - - - - = - - - - - - - - - - - -

*The.use of code relays for both purposes resultsin a large
saving of equipmentg.
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condition for receiving. 7The lower group of switches trans-
fersthe code relays from the transmitting commutetor C3 to a
receiving commutator Cg. In the latter the brush is shown
as lagging by an amount assumed to bhe correct for the cir-
cult delay. Commutator Cz in which the brush is given the
same position as that for Cg accomplishes the code recycling.

As may be seen, each of the commutators is divided

into two sections corresponding to the two halves of the code.

In the recycling commutator Cz & single rather long segment
is provided at the beginnling of each half cycle. When the
commutator brush first gets into the "a" cycle, the "b'" sec-
tion of the code relays is reset and similarly the “a" code
relays are reset when the commutetor brush reaches the first
part of the '"b" cycle., ZIxtra segments shown on Cz are used
when transmitting over a eircuit having considersble delay.
These segments cause the recycling to start sooner when the
terminal is in the transmitting condition than when it 1is

in the receiving condition. This helps to make up for the
fact that the transmitting brush may be considerably ahead
of the receiving brush and is necessary in order to permit
the machines to be used on circuitshaving over 150 milli-
seconds delay.

These extra segments, however, cannot be used when
little or no receiving delay is present because the trans-
mitting combinations would probably be released before the
machine had finished using them.

5. BRUSH FHASING ADJUSTMENTS

It will be noted above that 1t is necessary to ad-

just the receiving brush or receiving commutator to take care

of circuit delay. It is also true, however, that in most
cases it will be necessary, when placing the terminals in
operation, to make an over-all phase adjustment at one or
the other terminal to get the two into synchronism. Thus,
unless the two motors are started with the brushes exactly
at their proper positions at exactly the same time and un-
less they come up to speed in exactly the ssme way, the two
brushes would probably not be very close to their respective
correct positions.

Both this over-all phasing adjustment and the ad-

» justment of the receiving commutator are accomplished by ar-

rangements which are shown schematically on ES-803583.

SECRET
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This drawinz shows the mechanism of the drive for
the brushes, the method of adjusting the receiving commuta-
tor with respect to its brush and the over-all phasing ad-
justment which is made electrically in the speed control
circuit for the motor.

4. SPEED CONTROL REAUIREMENTS

It has previously been shown that, if speech is
to be properly restored, the receiving brush (at the receiv-
ing terminal) must lag the transmitting brush (at the trans-
mitting terminal) at all times by an amount exactly equal to
the circuilt delay, This, of course, is an ideal operating
condition which is impossible of attainment in a system,
such as the one described herein, in which the terminals
operate with cowmplete independence of each othsr. From the
practical viewpoint, therefore, some departure rrom the
ideal must be tolerated. It is evident, however, that the
speeds of the machines must be so nearly equal that the
brushes remsin within the tolerated departures for a suffi-
cient time to carry on a telephone converation.

Impairment of restored speech becomes noticeable
if the receiving brush departs from its ideesl position by
as little as four milliseconds. Gresater departure results
in further and more pronounced impairment. Positions of the
receiving brush greater than four milliseconds behind or
greater than four milliseconds ahead of its ideal position

are, therefore, considered as unsatisfactory for practical
operation.

Jt is now possible to determine the degree of
speed control required to provide satisfactory restoration
of scrambled speech for a given period of time. Assuming
that the slower of the two brushes ls set ahead so that the
receiving brush will be just behind or just ahead of its
jdeal position by four milliseconds®, the length of time
speech will be satisfactorily restored will depend upon
the degree of speed equality of one brush with respect to
the other. In the following table, degree of speed equality
expressed in per cent and also in terms of one part in a
given number, together with the correspondinz times of
satisfactory speech restoration are indicated.

- - o - -— - e - —_ e aw aw - _— - T . T £y - -~ - - -

FIf the receiving brush runs slower than the transmitting
brush, the former would be set ahead of 1ts ideal position
to permit 1t to drift behinmd. If the receiving brush is

the faster, it would, of course, be set behind to permit
it to drift ahead.
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TABLE E-1
Degree of Speed Eguality Duration of
Per GCent One Part in Satisfactorily Restored Speech
0.1 1.0° 8 sec.
0101 104 1 min. 20 sec.
J:001 109 . 13 min. 20 sec.
0.0005 5 x 10 1 hr. 7 min.
0,0071 - 106 2 hr. 13 min.

In the practical case, it 1is possible that the
operator may not set the slower of the two brushes ahead
of the faster. Experience indicates a tendency upon the
part of opsrators to adjust the brushes inltially to a
point where restored speech sounds best. If this is done,
the slower of the two trushus may be set very near to its
ideal posgition or, unless care is taken, it may even be
set slightly behind its ideel position. Under such cir-
cums tances, of course, speech would not be satisfactorily
restored for as long a period as i1t would be if the slower
of the two brushes was to be set slightly ashead of its
1deal position. As a result, the duration of satisfactorily
restored speech might range from slizghtly less than one-half
to about one-half of the values indicated in the table.

In view of the agbove and since it is considered
desirable to insure a minimum conversation time of from
fifteen to twenty minutes without intervening haend-phasing
adjustments, & circult which provides speed equality orf not
poorer than two parts in & million (1 part in 500,000) is
considered necessary. In service the speed control cir-
cuits incorporated in each C-50 terminal have at times
provided a precision of speed equality of one part in two
million. Such precision, however, is not to be expected
except under certain ideal conditions. As a rule, however,
phasing adjustments are not required oftener than once an
hour.
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NUMBER OF CODES AND ILENGTHRS OF CODE S UINCES

0. GENZRAL

This qopendix covers such factors in the develop-
ment of Project C-50 TD3 speech privacy equipment as the
types of codes, their number, the numbers of sequences of
coG¢es generated by the antomatic coding equivment and the
lengths of time covered by these sequences,

The automatic coding equipment was given a degree !
of complexity which reflected the desire to make sure that
no attempt would be nade to solve the sequences of codese.
That is, if vie suppose unauthorized wnersons to have seized y
a C-50 machine, they would have two alternatives to try in |
attempting to unscramble an intercevted message. They could
reassenble a record of the speech in correct order, speech
element by speech element, and then reproduce it by some
play-back method. Or they could attempt to find the initial
settings to meke on the coding eauipment, so that the cap- =
tured machine would unscramble the message, The objective 2
in the coding eqguipment was to make the speech element by i
i

speech elenent procedure a more attractive alternative than
the attemot to start the coding equipment at the proper point ,
-in the proper sequence of codes, ’

| It is quite possible that & greaiter degree of

compliexity was vorked out than wes necessary to ensure this
choice by the unauthorized interceptors. If less elaborate
code segueunces viere used the bulk of the coding bay would be
reduced. Whether & reduction still within the bounds of
prudence viith respect to security would save & significant
amount of weight and size is a matter of doubt.

It should be recalled in this connection that not
all of the coding bay is taken uv by the scrambling mechanism,
The power supply is a fairly heavy item, for one thing, hAside
from this, there are a good many relay chains in the exclusion
circuits. These are the circults which police the codes called
for by the scrambler, The scrambler often attemnts to set
} up codes which are not wuseble in 7DS machines; that is, itnmay
. attempt to set up codes which would omit speech elements and
] repeat other elements. The exclusion circuits see to it that
unusable cofes are rejected and usable ones substituted.
These circuits would be needsd even if the scrambler were
simplified. :

54CRET
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1. CODES AND CCDE SECUSNCES ;

1.0 Summarizing Statement

Ls developed, the C-~50 TDS is characterized by
the following vroperties:

1. The automatic coding equipment can be given ini-
tial settings at 14 different points in the cir-
cuit, 7 for each of the two interlaced codes,

2., Four of these initial settings amouat to choosing
which sequence of codes will be used; there are
1,625,702,400 such sequences for eaog of the two
interlaced codes, or (1,625,702,400}% for the |
conbination, '

3. Having choseun a sequence the remaining initial 1
settings determine the point in the sequeince at 7
which the perticular sequence will start. In
each sequeunce there are 3,282,972 such starting
points, for.each of the two 1aterl ced codes, oOr
(o,aBQ,UVQ) for the combination,

4. The total number of initial settiugs 1is the pro»
duct of the correspouding numbers in items 2 & {
3, whwoh, for the combination of the two 1nterlaoed

t codes, is:

f (5,557,135,459,532,800)°

| 5. In each sequence the number of codes which occur

before the sequence begins to repeat is difficult

! to determine because of the behavior of a selector

switch which moves only when certain events occur;

the number, for the combination of two interlaced

) codes, is considerably greater than (16,414,860)%,

6, Lt three quarters of a secoud per code cycle
16,414,860 codes fill 142 days; for the combina-
tion of interleaeced codes the corresvonding time
is about 6,400,000 years.

7. The number of different individual codes used is
60,316 in each of the two interlaces; correspond- ]
ing to (60,316)% = 3,638,019,856 different 20 ;
element codes, §

! The derivation of the above numbers will be given
| in subsections of section 1 numbered to correspond with the
peragraphs above,

E SECRET |
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1.1 Points at Which Initial Settings Can be Made

«

Initial settings are provided in each of the two
interlaced codes by two punched cards and five selector
switches. The cards permute eight wires, that is a pattern |
of eight paths entering can be converted into any other !
pattern of eight paths leaving a card box. The selector L
switches have different numbers of positions, of which four
are prime to each other. These have 22, 21, 119 and 17 points,
The fifth selector has 22 points but operates in an erratic
manner, discussed later.,

e —

| 1.2 Effect of Card Choices

Bach card box allows all permutations of eight, or
8! = 40320, but there are two in series, one at the_input
of the scrambler and one at the outn»ut, giving (8:)2=44631WB¢£D
choices for each of the interlaced codes. Bach choice deter- "
mines which Sequence of codes will be used, dnd thus measures
the number of such sequences,

1,3 Point of Beginning in a Sequeince

Having chosen the cards the cther initial settings
are those of the 5 selector switches. There are 22722°21*19°*17=
3,282,972 choices for each of the interlaced codes,

1,4 Total Number of Initial Settings %
Since the cards and the selector points are inde-
pendgnt the total number of choices of initial settings is
*22422+21°19*17, giving the number under item 4, section 1,0.

i 1.5 DNumber of Codes in a Seqguence

The number of codes in a sequence is not the same
as the number of points of beginning & sequence because of
two considerations, One is a set of five "walking" relays
through which the scrembler paths can be sent, on an optimal
basis., Bach reley is operated in succession, "walking" one
step per code cycle, These might be included in the tnitial
settings, but such controls have not been thought needed.

; The second consideration is the erratic behavior |
| of one of the R22-point selector switches. The other four '
| , selectors move regularly, one step per cycle. This remaining
| selector moves only when codes of a certain nature come up.
The neture of the code causing the selector to move can be
| changed in & variety of ways by changing soldered connections,
‘ and such changes could also, if desired, be included awmong the :
Initial settings. 1In view of the number in itom 4, sectioa 1.0 this
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hardly seems needed. At present this erratic selector is
arranged to step once when the scramble for either the odd |
(regular) or even (interlace) ten-element code is such that
the sixth speech element of any code-cycle is controlled by
the tenth commutztor positioun. rThat is, for the codiug of ;
the odd numbered commutator segmeuts, speech-element No. 11 y
must be associated with the 19th seugment. For the even code, !
because of the displacement of the interlace, speech element ;
, Wo. 12 of any interlace code must be associated with the :
{ 10th segment. Stated otherwise, if the code calls for the !
! last pole-piece (i. e. pole piece "i™) to be connected to f

5

l

* the last segment, either in the even or the odd codes, then
the erratic 22 point selector steps once.

This progression is called erratic because the

occurrence of such special codes is difficult to predict.

Of the 60,316 possible codes, the number of codes having

speech element 6 in the last position is 8,888. Thus this

switeh moves about once in each 7 codes, but not exactly once

and only on the average. The selector may move twice in

' succession and then remain quiescent for a good meny code

cycles. Such a control would appear to increase 1its effect

on the total length of the sequence by more than its 22 steps. ,

| The precise way to treat its effect is an unsolved oroblem. |
|
|

Consequently the statement is made thet the number is greater

than: .

‘ 5.22¢22°21°19°17 = 16,414,860 |

! and for the fwo combined codes, is considerably areater than
(16,414,860)%, The figure 5 is for the walking relays, the i

others are the various nunbers of selector points, i

i
; 1.6 Times of Duration of Sequences |
l
]

The figures in item 6, section 1,0 are self-
explanatory. They are, of course, trivial in importance, '
since the initial settings in practice would probably be
changed once a day or oftener. In other words nonsequence,
out of the great number possible, would be followed mors
than & small fraction of its course without alteration.

1.7 HNumber of Different Individual Codes

Computation of the number 60,316, which is the
number of different scrambles of speech elements, or indivi- i
dual codes in each of the two interlaces, can be presented iu ;
either of two ways. One is highly conpact but expressed in
mathematical terms from the theory of partitions, which 1s
not widely known. The other method, which will be used here,
is less neat, but it breaks the vroblem down into classes and
subclasses which can be handled by straightforward arithmetic.

SECRET
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Certain information concerning the nature of the

x C~50 TD5 codes mey be reviewed first., The odd conmutator
segments are coded independently of the even segments, giving
interlaced codiing. Both the odd codes and the even codes
follow precisely the seme rules, so that either can be con- |
sidered separately. On this basis, the codes are 10 element
codes glving scrambles of speech elements which are selif- !
contained, that is, each code is a permutation of 10 successive ;
speech elements. In this respect the C~50 TD5 differs from |
the D-150285 7DS although they have the same number of coils |
and segments and both use interlaced codes. In & large fraction I
of the D-150285 TDS codes the scrambles of speech elements are Q
dispersed, that is, no group of 10 can be found which is & ‘
permutation of 10 since elements of preceding and succeeding |
groups of 10 will be inserted, In the case of the C-50 TDS '
it is desirable to use self-contained scrambles, thereby making

the time relations less exucting for the process of changing "
codes automatically every cycle. While one code is being used y
the next is being set up; with self-contained codes the choices

can be made without reference to nreceding codes.

The total number of nermutations of 10 elements is b
10+C+8* 7°6+5°4+3+2+-1, since the first element can be chosen :
{ in 10 ways, the next in 9 ways, etc, This is factorial 10,
! or 10!, or 3,628,800, TD3 equipment giving this large number !
‘ would require 19 vole-pieces, instead of ¢. The reason for
{ 19 pole-pleces may be seen by considering the reguirement for
_ a scramble which would put sveech element 10 in the first
. position and speech element 1 in the last position. This
! situation would eccount for 8! or 40,320 of the 3,628,800
l codes. To get element 10 when the brush is on segment 1
the code would connect pole-piece 1 to segment 1. at this
instunt, speech element 1 would be 9 spaces along on the
! tape or starti.; throusgh jole-piece 10. as the brush leaves
| segment 1, speech elerient 1 is leaving pole-piece 10 and
reaching pole-piece 11, When the brush finally reaches seg-
ment 10, speech element 1 is reaching pole-piece 19, and to
capbure it the code would connect segmnent 10 to pole-piece 19,
A ¥D3 could be built vith 19 pole-pieces, but the circuit com-
plications would obviously be great.,

The fact that the C-~-350 device has 9 pick-ups instead
of 19 restricts the codes to certain kinds of permutations of
the numbers 1 to 10. This in itself would reduce the nuber
of permutations (for euch of the codes, odd and even) to
95,401, The coding equipment adds one further restriction,
| to axoid circuit complications, which reduces the number to
60,316,

The number 60,316 may be derived by consideration
of the svneech elements which the circult permits to be assigned

SECRET !
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to each commutator segment. This is shown graphically in the
following basic diagram C~I, below:

DIAGRAM C-TI*

cBoogo o

@...aaagoa)\'lmo‘l
26 o o 6 o ¢ o HOO~TIRN

o

o ¢ ¢ OV U I

Ule ¢« ¢« OO GO

Cie 20 BomNwOoUB® G

J9 ¢ o o gcoojqcxcnm>@
Q

1
2
)
4
S
[
1

Doe o ¢ U QR
Cle = ¢ NGOV

De « @ »

Segments

The commutator segments &re shown inmmerical order at the
bottom of the diagram. The numbers applied to the segments !
should be understood as designating the first, second, - - - i
tenth odd segment, for the odd codes; or the first, second,
== = tenth even segment for the even codes. That is, for

. the odd codes the successive seguents on the actual commutator
are:

1357 9 11 13 15 17 19

B For the even codes, because of the displaced interlace, the
| .
| successive segments are:

12 14 16 18 20 2 4 6 8 10

ience to represent either type of code,

The speech elements which may be chosen for each
segment &re shown in the columns above each segment number,
Thus segment 1 may be assigned to & pole-piece which picks up
speech elenent 1, 2, 3, 4 or 5 but not 6, 7, 8, 9 or 10;
segment 2 may take off 1, 2, 3, 4, 5 and 6, etc.

!

|l In what follows,the numbers 1 to 10 will be used for conven-
\

!

|

The shape of the diagram is a result of the fact
f

that 9 pole-pieces, instead of 19, are used. The diagram may \
| also be shown as Tollows:

e e am T e Am MR wm e Em ey me 7 me fm e s e me g mm e mm e ey e wm  wm e e e eem ek

*This diagram is essentially the same as those used in
Appendix A.
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Speech element 1 nust be escigned to one of the Tirst 5 segments

" 1 8 1" it ! it 1" 1" 3 11 6 1"

1 1" 5 11 " 1 11 1" " {1 it '7 1"

Tt 1" 4 n 1 1" 14 1" 11 it tt 8 1"

11 1t 5 1" §1 §1 1 1t 13 1 it 9 it

11 §t 6 1" i 1 n 1 1" 1 las-t 9 1

L\l 1" 7 it i it . ] 4] ] " " 8 1t

134 1 8 1t it it 1" 1t 1 1 1" 7 1

" Tt 9 1 i1 it 1 U] 11 1 it 6 1t

] 1t lO 1] 3] ] 1 " 1" it 11 5 1

There are two rules governing the allowable per-
mutations of speech elenents:

1. Each speech element from 1 to 10 must be
represented.

2. The speech elerent ascigned to cegment 5
nust be lower numerically than the speech
element assigned to segment 6.7

The second rule stated above is a result of a circuit simpli-
fication. The machine actually chooses in a certain order;
first, speech elements are ascigned to seguents 1 to 4, then
inversely to segments 10 to 7. The two spesch elements left
over are then assigned mechanically according to the second
rule to segments S and 6.

Lxamples of possible and impossible codes will il-
lustrate these points. The following is a possible code:

Segrents 1 2 3456 7 8 ¢ 10
Speech klements 4 6 1 7 2 5 3 10 ¢ 8

Thne following is a permutation of 10 but is not a
possible code becaure it sesoclates element 2 with segment 7,
which is forbidden by Diegrem C-I.

Seerents 1 2 34 5 6

7 8 9 10
Speech Elements 4 6 1 7 3 5 2 1

0¢ 8

The following is elso a permutation of 10 which 1is
not a poscible code hecause the speech elements assigned to
segments B and 6 are not in tne correct order.™*

LA A I R O T - . - A I S R R I o e et v ew  ee e em e -

* See Addendunm to trig Anoendix covering a change in the auto-

matic coding ecuivnens which has been made since this Appendix
was written.

¥*In order to simpli®y the sutometic codiug equipmeat, only one,
of the two renwining shoiceg, is availavle {or assignment to
computator segmente £ and 6, The reversc seuvusnce, l.e.,
speech-unite &, 5, contrclled by segments 5 2ud 6, respectively,
would pnrovide @& usable code but due to the above rertioned
simplifications, bthe coding equipment is incapeble of making
such a choice. Sec idaendum to this Appendix.
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Segments 1 2
4 6

345678910
Speech Elements 1752310 98

The following are further examples of possible

codes:
Segments 1 2 3 4 567 8 9 10
Speech Rklements 2 5 3 4 1 7 ¢ 10 8 6
n n 317621065 4&89
i3 " 54216839107
i i 52137 2410 6 8
" " 4 63712109 58

In computing the number of possible codes allowed
by the above rules, it is conveaient to let any speech element
number from 1 to 5, inclusive, be represented by a, and any
speech element number from 6 to 10 inclusive be represented
by be The codes may then be classified according to the
assigmments of a's and b's to the first five segments, as
follows:

Elements Assigned

Classes to Segments 12345
1. All a's aaaaa
2. One b, in segnment 5 aaaab
3. troon , " n 4 saaba
4: . " iy . " " 5 aabaa
5. 4 n , i " 2 abasasa
6. Two b's, in segments 4 and S aaabb
l7 . 1" " s " 14 3 " 5 aabab
8 A 4] ] s " " 2 144 5 abaab
9 . 141 143 , 1" 14 5 1 4: aabba
10. ] 1" , T n 2 n 4 ababa
ll o 1 " s " " 8 . 141 3 abbaa
12. Three b's, in segments 3, 4 and 5 aabbb
13, " o, n " 2, 4 " 5 ababbd
14, i ., n e 2, 3 " 5 #bbab
15. " o, n n 2, 3 " 4 abbba
16. <our b's " " 2,3,4 ané 5 abbbb

These classes will be taxen up one at & tinme.

Class 1 aaaea

3ince any a can occupy any of the first 5 segments,
the a's can be chosen in 5! wagys; likevise the b's can occupy
any of the second 5 segments and can be chosen independently
of the a's in J! ways.
* 2

« « The total = (5%)° = 14,400

SECRET
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Class 2 aaaab

The b in segment 5 excludes, by the second rule,
all the a's from segment 6, The diagram shows 6 remaining
positions for ean & in segments 7, 8 and 9, namely, 3, 4 or 5
in segment 7; 4 or 5 in segment 8; 5 in segment 9, No matter
which of these 6 locations is chosen for this a, the remaining
4 &'s, in the first 4 segments can be permuted in 4! ways., The
total number of ways of choosing the a's is therefore 64!

- The ways of arranging the b's depends on which b is
in segment 5, since the b in segunent 6 must be larger than the
one in segment 5. These can be studied one 2t a time in sub-
classes:

Subclass aauab

The 4 remzining b's are uhrestricted and hence can be
chosen in 4! ways, no matter how the a is assigned to segments
7, 8 and 9,

Subclass aaga?

Element 6 is excluded from segument 6, but ewch of the
3 remaining b's (8,9,10) can be assigned to segment 6, and in
each case the 3 other b's can permute, no matter how the a is
assigned to segments 7, 8 and 9. The subtotal is therefore 3,31

Subcléss aszal8

Speech elements 9 and 10 are admitted to segment 6;
for each assignment there are 3! arrangements of the remaining
b's, giving a subtotal of 2.3!

Subclags agaal

Only speech element 10 may be onut in segment 6, the
remzining three b's may be permuted, giving a subtotal of 3!

There is no other subcleass since element 10 is not
admitted to segment 5 by the basic diagrem,

) The totel for the class is the product of the possible
assignments of the a@a‘*s and the possible assigmuents of the b's
or

Total = 64! (4 +
6°4£10+3¢
8640

3+ 2+ 1)* 3

nwon
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Class 3 agaaba i

Any b can be in segment 6 since all b's are larger
than any @, therefore the b's are limited only by the possible
assignments of b to segment 4. The diagram shows this to be
3 ways (elements 6, 7 and 8). The other 4 b's can permute,

however assigned, so that the total ways the b's can be chosen
is 34!

The a's in segment 6 depend on the & assigned to
segment 5. These will be studied by subclasses:

- = -

Subeclass aaabl

There is no restriction on the & in segment 6,
therefore the a assi.ned to segments 6 to 9 may be chosen in
10 ways, according to the diagram. The 3 remaining a's céan
be permuted, . iving a subtotal of 10°3!

Subclass casb2

Element 2 is excluded from segment 6, leaving ¢ ways :
to assign the a to segments 6 to 9 incl. The other a‘'s permute,
giving a subtotul of 93}

Subclass aasbd

Elerments 2 and 3 are excluded from segment 6, also |
‘ element 3 cannot be used again, so that 7 ways are left to )

- assign the a to segments 6 to 9 incl. The other &'s permute, :
giving a subtotel of 73! 7

Subeleass aaabd

Blements 2 and 3 are excluded from segment 6, and
element 4 cannot be used again, so that 5 ways are left to

assign the & to segments 6 to 9 incl. The other &'s permute,
giving a subtotal of 5+3}

Subclass aaabd

Elements 2, 3 and 4 are excluded from segment 6, and ;
element 5 cannot be used again; this leaves only 3 ways to l
, assign the & to segments 6 to 9 incl. These ways are element
' . 3 or 4 to segment 7, or element 4 to segment 8, The other &'s
, permute, giving « subtotal of 3°31:
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The product of the number of assigmments for the a's o
and the number of assignments for the b's gives the total for '
the class: |

Total (10+9+745+3) *3! * 3,4!
D431 ¢ 3,41 [
14,688 |

nnu

This will be found to be the largest class of codes.

The situation with resvect to the a's is the same
@#s in Class 3, The b in segment 3 can be assigned only 2
ways (element 6 or 7). The other 4 b's permute as before. ?

i
Class 4 aabaa ' |
f
|

Total 343 » 2041

9,792 !

Class 5 abaaa

Again the situation with respect to the a&'s is the -
same as in Class 3. There is only one choice for the b in :
segment 2, namely, element 6, The other 4 b's permute as
beforea,

Total 34383014}
4896

| I}

Class 6 zasbb

There zre now 2 a's to assign in segments 6 to @9, '
i incl., but none of these can be assigned to segnent 6 because ]
of the second rule. 3Segments 7, 8 snd 9 can take assigmments
of elements 3, 4 and 5 in pairs as follows:

Elements 3 «nd 4 to segments 7, 8 1 way
" 5 " 5 v " 7, 8 or 7, 9 2 ways

" & "™ 5 " 7,8 or 7,9 or 8,9
or 8,7 4 ways

Thus the a's can be assigned by pairs in 7 ways while the
remaining 3 a's (in segments 1, 2,3) permute 3! ways.

The assignment of the b's to segments 6 to 19, incl.,

depends on what b is in segment 5, These will be examined by
subclasses:

Subclass aaabb

any of the b's not chosen for segnent 4 can be in
segnent 6. Segment 4 can receive assigmients in 2 ways (elements
7 or 8), while the remaiaing 3 b's pernute in 3! ways.

subtotal = 23! = 12

SECRET
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Subclass aaab?

If elements ¢ or 10 are assigned to segment 6,
then 8 or 8 can be assigned to segment 4 ana the remalining
2 b's can permute, making 2°2¢2 = 8 choices. In addition
element 8 can be assigned to segrent &, which requires element
6 to be assigned to segment 4, but elements 9 and 10 can
permute.

s « Subtotal = 8 + 2 = 10

Subclass aaabg

Only elements 9 or 10 can be assignred to segment 6,
element 6 or 7 to segunent 4, while the 2 remaining b's permute
2 WaysS.

>

+ o+ Subtotal = 2+2°2 = 8

Subeclass aaab9

Only element 10 can be assigned to segment 6, but
elements 6, 7 or 8 can be «ssigned to segment 4, while the
remaining b's permute in 2 ways,

» o« Subtotel = 1°3.2 = 6

The product of the number of choiceg for the a's
and the number of choices for the b's is:
Total 7¢3! (12410+8+6) = 7+31 +38
1512

nu

Class 7 aabab

The a's are restricted ag in Class 6, giving 7+31
cholces,

For the b's the reasoning is similar to that for
class 6, but with the difference that fewer assignments can
be muade to sesment 3 than to segment 4., This cawn be seen by
subclasses:

Subclass aababd

Zhe b in segment 3 must be 7; the remaining 3 b's
permute, giving 3! = 6 choices,

SECRET
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Subclass aaba?

The b in segment 3 must be 6; the remeining 3 b's

are greeter than 7 and btherefore permute, also giving 3! = 6
choices.,

Subclass aaba8

Only elements 9 or 10 can be assigned to segment 6,
glements 6 or 7 to element 4, while the remaining b's permute
8 ways. Thigs gives 2°*2°2 = 8 choices.

Subclass aabal

Only element 10 can be assigned to segment 6, elenent
6 or 7 to element 4, while the remaining b's permute 2 ways.
This gives 1°*2°*2 = 4 choices,

The product of the number of choices for the a's
and the number of choices for the b's is:

7.3 (6+648+4) = 7°31°24
1008

Total

i

Cless 8 abaab

The b in segment £ must be 6, by the diagram.

. / :
The positions for the a's are the sanme as for Types
& and 7, giving 7°3} choices,

The choices for the b's may be studied by subclasses:

Subclass aBaa?

“he three remaining b's ame unrestricted, giving
3% = 6 choices.

Subclass abaal8

Elements 9 or 10 must be assigned to segment 6, but
the remaining 2 b's vermute in 2 ways, giving 2.2 = 4 choices,

Subclass a6za%

o Only element 10 can be assigned to segment 6, the
remaining 2 b's permute in 2 ways, ziving & choices,

SECRET
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The product of the nunber of choices for the a's
and the number of choiceyg for the b's is:

Total = 7+3¢ (6+4+2) = 7+31°12
= 504

Class 9 aabba

The assignment of the 2 a's to segments 6 to 9, incl.,
depends on what a is in segment 5. Using subclasses:

Subclass aabbl

There are no restrictions on the assigmment of afs
to segment 6. The number of ways 2 a's can be assigned to
segments 6 to 9 incl., may be worked out from the basic diagram.
Elements 2, 3, 4 and 5 can be assigned by pairs to segments
6 to 9, 1ncl., as follows:

Elements Segments Choices
243 can be assigned to 6,7 1
2’4 Ty A 14 6,7; 6,8 P
2,5 " i " i 6,7; 6,8; 6,9 3
3,4 " v " " 6,7 6,8; 7,8; 7,6 4
3,5 " " " " 6,7; 6,8; 6,9; 7,8;

7,9; 7,6 6
4,5 " " " " 6,7; 6,8; 6,9; 7,6,
7,8; 7,9; 8,6; 8,7;

8,9 9

25

With each of these choices the 2 a's in segments 1 and 2 c&n
permute 2 ways, giving 25¢2 = 50 choices for the a's.

Subcless 8abbl

Since element 2 cannot be assigned to segment 6,
being already used in sezment 5, the 6 choices involving
element 2 must be deducted from the 25 found for the preceding
subclass, giving 19«2 = 38 choices for the &a's.

Subclass aagbbd

Now neither element 2 nor element 3 can be in
segnents 6 to ¢ incl, vhich reduces the 25 found above to 9,
giving 9.2 = 18 choicesfor the a's.

SECRET
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Subclass agbb4d

BElement 3 can be in segrent 7, with element 5 in
segments 6, 8 or 9, giving 3*'2 = 6 choices for the a's.,

Subclass aygbbd

No a can be in segment 6, but elements 3 and 4 can
be assigned to seuzments 7 and 8; this subclass has only the

two choices obtained from permuting the a's in segments 1
and 2.

The b's are not restricted by an @ in segment 5,
and are governed by the choices permitted by the diagram for
segments 3 and 4. These are 2 choices for segment 3, leaving '
2 choices for segment 4, while the 3 remaining b's permute;
this makes 223!

_ The product of the number of choices for the a's
and the number of choices for the b's is therefore:

Total = (50+38+18+6+2) +2+2+3} h
= 114+2+2+3¢
= 2736

Class 10 ababa

The a's to be assigned to segments 6 to 9, incl.,
are subject to the same restrictions as in Class 9, l
!
The b's are restricted by the diagram to 1 choice ;
for segment 2, leaving 2 choices for segment 4, while the 3 a
remaining b's permute; this makes 1+:2+3! '

« « Total (50+38+18+6+2) *1*2°*3¢

= 1368
Class 11 abbaa

The a's have the same choices a@s in Class 9,

The b's are restricted by the diagram to one choice

for segment 2, leaving only one choice for segment 3, while the |
S remeining b's permute; this mekes 3! '

(50+38+18+6+2) *3?

l Total
. 684

Class 12 aabbb

No a can be in segment 6, The diagram shows that
the only 3 a's which can bhe assigned to segments 7 to 9, incl.
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are elements 3, 4 and 5 to segments 7, 8 and 9. The only
choice comes from the 2 permutations of the a's in segments
1l and &.

The choices for the b's depends on what b. is
assigned to segment 5. By subclasses:

Subclass aabbb

This requires a&a786 since elements 9 and 10 cannot
be assigned to segments 3 and 4. ZElements 9 and 10 cin
pernute, siving 2 choices,

Subclass aabb?

Similarly this must be aa687. Again elements 9 and
10 permute, giving 2 choices.

Subclass aabb8

This can be either &sa678 or aa768, and elements 9
and 10 permute, giving 2.2 = 4 choices.

Subclass aabb9

Element 10 must now go into segment 6, without
pernutations. The possible assignments to segnents 3 and 4
are elements 6,73 6,8; 7,6; 7,8 making a total of 4 choices.

Combining the 2 choices for the &'s with the choices
for the b'ss
Total 2 (242+4+4) = 2°12
a4

Class 135 ababb

As in Class 12, no & can be in segment 6, therefore
the only choice for 3 a's in segments 6 to 9, incl., is elements
3, 4 and 5 in segnents 7, 8 and 9, The a's in seznents 1 and 3
can be permuted, ziving 2 choices for the a's. There are few
choices for the b's since the b in segment 2 must be 6. If
the b in segment 5 is 7 or 8, then the b in segment 4 must be
8 or 7, and the remaining b's are 9 and 10 which can permute,
giving 2°2 = 4 choices, In addition element ¢ cen be asslgned
to segment 5, which requires 10 to be in segment 6, leaving only
2 choices, as to whether 7 or 8 is in segment 4. The choices
for the b's are therefore 4+2 = 6,

o o Total = 23°6 = 12

TCRET
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Class 14 abbeb

The choices Tor the a's are restricted as in Classes
13 and 14, giving 2 choices,

Ls to the b's, the assignments to segments 2 and 3
must be elements 6 and 7, by the diagram. If element 8 is
assigned to segment 5, then elements 9 and 10 are left and can
be assigned in 2 ways, If element 9 is assigned to segment 95,
then elerent 10 must be put in segment 6, so that there is only
one choice. The choices for the b's are therefore 2 + 1 = 3.

e o PotEl = 2*'3 = 6
Class 15 abbba

The diagram requires that elements 6, 7 and 8 be
assigned to segments 2, 3 and 4, which leaves elements 9 and
10 for higher segments., These two can permute, so that there
are 2 choices for the b's,

The arrangement of a's in segments 6 to 9, inecl.,
depends on the & assigned to segment 5, The a in segment 5
must be 1 or 2, since only elements 2, 3, 4 and 5 can be
essigned to the higher segments, If 3, 4 or 5 were assigned
to segment 5, then element 2 would be needed to assign 3 a's
to the higher segments; but element 2 must go to segment 6,
and this would not be permissible since it then would follow
elements 3, 4 or 5. There are therefore two subclasses:

Subclass abbbl

Bach of the remaining a's may be assigned to segment
6, if desired, so that the restriction is only that of the
diagram with respect to the choice of three elements from
elements 2, 3, 4 and 5. These are:

Elements Segments Choices
254 mey be assigned to 6,7,8, 1
235 i ik " ” 6,7,8; 6,7,9 a
245 i U oy " 6,7,8; 6,7,9; 6,8,9; 6,8,7 4
345 n W g i 6,7,8; 6,7,9; 6,8,9; 6,8,7

7,6,8; 7,6,9; 7,8,9; 7,8,6_ 8
Total 15
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Subclass abbb2

This requires element 1 to be assigned to segment 1,
leaving elements 3, 4 and 5. These can be arranged in the
same ways as 3, 4 and 5 were arranged in the preceding subclass.

The total ways of arranging the a's in these sub-
classes is therefore 15 + 8 = 23

The total number of choices for the class is accord-
I»)
[

ingly 2 * 323 = 46,

Class 16 &bbbb

This class has no members, since four a's are to be
assigned to segments 6 to 9, incl. Wo & can be assigned to
segment 6 since b is greater than a.

Summary for &ll Classes:

Collecting the results for each of the 16 classes,
the figures are:

Class Typne Choices
1 aaaasa 14,000
2 aaaab 8,640
3 aaaba 14,688
4 aabaa 2,792
5 abaaa 4,896
6 aaabb 1,512
7 aabab 1,008
8 abaab 504
9 aabba 2,736

10 ababe 1,568
11 abbaa 684
12 aabbb 24
13 ababb 12
14 abbab 6
15 &bbba 46
16 abbbb 0

Total 60,316

It mey be added that the same totel has been found by
an independent method of solution. It should «lsc be pointed
out again that the solution is the same for each of the inter-
laced codes, since they are independent. Throughout the deri-
vation references to seguent 1, 2 --- 10 should be understood
&s being to the first, second, --- tenth even segments for even
codes, or to the first, second, -—-- tenth odd segment Tor the
odd codes.,

appendix C prepared by: C, We CLATER
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ADDENDUM TO APPENDIA C

Originally, the automatic coding equipment was de-~
signed always to connect a higher lettered pole-niece (in the
sense that "i" is higher lettered than "a") to commutater
segment 5 than to commutator segment 6. s a result segment
5 always controlled a lower numbered speech-unit than segment
5. As carried out in Aprendix C, the computations pertaining
to the number of individual ten-element codes, capable of
being set up by the automatic coding equipment, are based
upon such a design. Since the Appendix was written, however,
the equipment has been arranged so that sometimes a lower
lettered pole-piece is connected tc segment 5 than to segment
6 and sometimes a higher lettered pole-piece is connected to
segment © than to segment 6, Cee Table D-I of Aprendix D,

In an unrestricted coding system, there are a total
of eighty-one possible ways in which conrmutator segments 5 and
6 of a ten-element system (segments 9 and 11 for odd codes and
segments 20 and 2 for even codes of the C-50 System) might be
connected to the nine pole-pieces. =Zight of these cannot be
used because they would place two connections upon a common
major diasgonal. Ahother twenty-eight of them are incapable
of being established by the automatic coding equipment
because of certain simplifications which have been built into
it and which result in an apnreciable saving of apparatus.

Ls a result, only forty-five of the eighty-one possibilities
are capable of being set up, The possibilities are such
that commutator segments 5 and 6 (9 and 11 and 20 and 2 for
the C-50 Systeém) control speech-elements, involved in each
code-cycle, in some one of the orders indicated in Table C-I,
below,

ILBLE -1

Commutator Cegments 5:6 5:6 5:6 5:6

tpeech-Zlements 1:2 3:2 4:8 7:3
1:3 3:5 4:9 7:5
1:4 36 4:10 7:6
15 5:8 5:8 7:8
1:6 5:9 5:10 7:9
147 3:10 6:2 7:10
1:8 4:2 6:5 8:10
1:9 4:3 6:8 9:2
1:10 4:5 619 9:5
215 4:8 6:10 9:8
2:8 4:7 7:& 9:10
2:10

SECRET
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The change, described above, in the coding equipment
contributes apnreciably to the work of "breaking" C-50 codes
but it dces not alter the total number of individual codes
possible, TFor this reason, the figure 60,318 as the total
number of different individual ten-element codes derived in
Section 1.7 of the Appendix is not changed; although, if
carried out, the details of the derivation would be changed.

One other benefit results from the above mentioned
change in the coding equipment. As originally designed, if
the scrambler called for the operation (1) of a code relay
which was not furnished in the code relay group or (2) a
code relay which cccupied the same major diagonal as another
code relay whicli had previously been set, the next usable
code relay in the order 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, in
a closed chain, would opcrate, This resulted in an undesired
distribution of pole-niece use - some being used appreciably
oftener than others,

yith the changes incorporated in the coding equip-
ment, if the scrambler calls for either of the two conditions,
indicated above, the next code relay, in the order 1, 4, 7, 10,
3, 6, 9, 2, 5, 8 in a closed chain, will operate, This
provides a more even distribution in the use of pole-nieces,
and to some extent adds to the difficulty of "breaking" the
codes,

SILCRET
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DETAILED DISCRIPTION OF EQCUTIPMENT
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APPENDIZ D

DETATIED DESCRIFPTION OF EQUIPMENT

0. GENERAL

The general appearance of a complete C-50 TDS
terminal may be seen by examination of photographic Figs. 1,
2 and 5. In the Tirst figure all covers are shown in place
while in the latter two the covers have been removed. Fig.
shows the apoearance of the TS bay from the rear.

The coding equipment is mounted on a standard
PBX 286" relay rack. The over~-all bay occupies floor space
of about 18 x 33 inches and has a height of about 72 inches.
It weighs appﬂox1matelm 700 pounds complete with covers. The
TDS equipment is mounted on a special 19" relay rack which
occupies a floor space of about 21 by 20 inches, over-all,
This could be apvreciably decreased by a redesign of the
supporting base. The over-all height is aboubt 54 inches
and the weight is estimated at 200 pounds. Location of the
various appardtus components in these bays 1s indicated on
photographic Figs, 1, 2, 3 and 4.

Attention is called to the scrambler connectors
and the fixed code connectors shown in Figs. 2 and 3., In
order to illustrate their general construction, two of the
former have been shown closed and two have beep shown open
with connector cards in place, Of the latter, both have
been shown opened but with a code card in place in only one,
Fhysically, the scrambler connectors and the fixed code
connectors are identical.

1. CODING EQUIPMENT

1.0 General

The coding eauipment sets up usable codes, one
af'ter the other in 0.75 second cycles, for use in the TDS
equipment by following the basic principles discussed in
Appendices A and B. The circuits of the coding equipment
are so arranged that one half of the code (10 of the ele-
ments of any one code cycle) is used while the other half
is set up. This permits a large saving in equipment,
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Tunctionally, the coding equipment may be divided
into several basic component groups, as follows:

Code relays

Column relays
Exclusion relays
Scrambler

Scrambler connectors

I — T G— —
OO T
Nttt Nt st Wyt Nt

interconnection of these groups 1s shown in simplified
schematic form on EBS-803576.

The number of codes generated by the coding equip-
meat, together with the number of code sequences and the
lengths of time covered by these sequences are discussed in
Appendix C. s

Drawingzs coverine the equipment have not been at-
tached to this report because of their large size, A list
of then is, however, indicated in Appendix G. If needed,
they will be furnished upon reqguest of proper authority.

1.1 Code Relays

The fuanction of the code relays is to connect
commutator segments in the TDS machine to the sealed switch
relays which in turn connect the pole-pleces into the trans-
mission circuit. In effect the code relays serve the same
purpose in continuously coded operation as the fixed code
connectors serve in fixed code operation.

In general, the code relays may be considered to
be divided into two main groups. One group functions with
0dd awabered (regular) commutator segments and the other
with even nurbered (interlace) commutator segments, Each
of these main groups may be considered to be subdivided in-
to two subgroups; one of which is set up during the half
code cycle in which connections yrovided by the other are
used (and vice versa),

The code relays in each subgroup may be pictured
as being arransged in columns which correspond to certain
conautator segments. The number or code relays provided in
each column varies from column to column; consequently, the
number of sealed switch relays controlled by code relays
also veries from column to column. This may be better pic-
tured by examination of Diagram L-I, below. In this diagranm,

SECRET
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both column numbers and corresponding commnutator segment
numbers are shown. The nuaber of figures in a column in-
dicate the number of code relays located in the column.

The value or each figure in the column indicates the number
of the sealed switch relay controlled, For example, in '
column 7 (interlace) there are a total of eight code re-
lays. Comutator seegment 4 can be connected to any one of i
sealed switch relays 2 to 9, inclusive, by operatioa of i
the proper code relay in the column. In column 10 (regular) ;
there are only 5 code relays and, by operation of the prop- |
er relay, conmmutator segment 19 can be connected to any ,
one of sealed switch relays 5 to 9, inclusive, ‘

Diagram D~I |

arrangement of Code Relays in Columns

cdd durmbered Ifain Group (Regular)

First Subaroun Second Subgroup
Col.1l Col.,2 Coi.3 Col.4 Col.7 Col.8 Col,.9 Col,10 ’
(Com.1l) (Com.5) Com.5) (Com,7) (Com.13) (Coi.l3) (Com.17) (Com.19) 4

1 1 1 1 = = - - |
2 2 P4 2 2 - - - !
3 3 5 3 3 3 . - |
4 Z 4 4 4 4 4 = !
l 5 5 5 5 5 5 5 5 |
‘ - 6 6 & & 6 6 6 |
i - - 7 7 7 7 7 7 5
| - - = 8 8 8 8 8 ;
- - - - 9 o 9 9 |
| Dven umbered ifaln Group (Interlace) '
First Subgroup Second Subgroup
Col,1 Col.2 Col.o Col.4 Col.7 ©Col.8 Col,9 Col,10

(Com.12) (Com.14) (Com.16) (Com.18) (Com,4) Com.8) {(Com.8) (Com.l0)

11t O cano
1§ 1 OO CI R
1 1 ~IC U A0
1 O~2OC 01 I
QIO OIN T
NeNeVIEN RO NG N1 G NS I |
oI GHd L 11
omg3ceuy 1

w
S
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In the foregoing diagram, it has been shown how,
by proper operation of the code relays, commutator segments
may be connected in various combinations to the sealed
switch relays. It will be noted, however, that commutator
segunents 9, 10, 11 and 12 have not been included in the
diagram. This is because certain exclusion relays and not
code relays are used to connect these particular commutator
segments to the sealed switch relays. This will be subse-
quent 1y explained,

l.2 Column Relays

Column relays are associated with each column of
code relays and are nuabered corresrondingly, The primary
function of the column relays is to connect windings of
code relays (in associated columns) to the exclusion re-
lays and to the scrambler.

Operation of the columin relays, as designated by
the columns which they control, is in the sequence 1, 2,
5, 4, 10, 9, 8, 7. This sequence of setting up the column
relays insures that there will be at least one code relay
in each column that can be used.

This me7 be better illustrated by first setting up
the rule for code relay operation which insures usable codes.
This will be done by illustration rather than by definition
because the former method provides a clearer picture than
the latter, Diagram D-IL, below, shows the odd main group
(regular) columns of code relays as shown in Diagram D-I.
However, two obther columns of relays which provide connec-
tions between commutator segments 9 and 1l and the sealed
switch relays are iacluded with them in order of commutator
segments. These latter relays are not code relays but ex-
clusion relays and are indicated by columns E and B,. It
should be explained that 2 columns of exclusion relays are
not actually provided in the circuit, as shown in the dia-~
gram, bscause one column serves to do the work of both.

For the sake of simplicity in illustration, two have been
shown in the diagram.

SECRET
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Diagram D-IT
Col, Col., Col. Col, Col. Col. Col. Col,
1 2 3 4 B Ey 7 8 9 10

Com., Com, Com. Com, Com., Com. Com., Com, Com. Com,

g

1 ) S 7 3 11 13 15 17 19
1 1 1 1 1 i - = = =
2 e 2 2 2 2 2 - - -
3 o ) S 3 S ) ) - =
4 4 4 4 4 4 4 4 4 =
S S S S S S 2 S 3 S
- 6 6 6 6 6 6 6 6 6
- - 7 7 7 7 7 7 7 7
- - - 8 8 8 8 8 8 8
- - - = 9 9 9 9 9 9

It will be noted that there are ten diagonals
which slant downward to the right in Diagram 2. These
diagonals include relays as follows: Diagonal 1 - relays?,
6, 7, 8 and 9; Diagonal 2 - relays 4, 5, 6, 7, 8 and 9;
————— —; Liagonal 9@ - reiays 1, 2, &, 4, 5, and 6; Diagonal 10 -
relays 1, 2, 3, 4 and 5%, In order for a code to be us-
able, it is necessary that there be oune - but only one -
relay operated in each .of the ten diagonals. This is the
rule which the relays must follow if unusable codes are ©o
be avoided. It applies equally well to the even numbered
main group (interlace) relays as it does to the odd num-
bered main group (regular) relays. The corresponding dia-
cram for the even numbered main group is the same as Dia-
gruam D-IT except coclumns of code relays 1, 2, 3 and 4 are

*It will be observed that the aumbers, which designate
code relays, in LDiagram I'<II, above, form a figure identi-
cal, in outline, with the figure formned by the heavy out-
line shown on dravins BS-803573. On drawing ES-803578,
speech units for =2 =iven code cycle (as discussed in
Appendix &) are shown occupyine msjor-diapgonals of a code
connector grid. In Disgram D-II, above, code relays are
shown occunyiang those ma jor diagonals. Thus, diagonal 1,
composed of code relays 5, 6, 7, 8 aud 9 in Diagram D-~II
controls the order in which the first speech-unit of each
code cycle will appear in the scramble. Tor example, if
code relay 7 of the first diagonal is operated, during a
given code cycle, speech-unit 1 will appear in third place
in the scramble for that code cycle, Other diagonals in
Diagram DP-ITIcontrol the corresponding speech-units shown
on BS-8035738, i.e, diagonal 2 controls speech-unit 2 of
each code cycle, etec.
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associated with comnutator bars 12, 14, 16 and 18, re-
spectively, and columns 7, 8, 9 and 10 are associated with
comrmutator bars 4, 6, 8 and 10, respectiveiy while the ex-
clusion relays are associated with commutator bars 20 and 2.

It is now possible to demonstrate why code relays
must be operated in sequence of colunns 1, 2, 3, 4, 10, 9,
8, 7. Suppose, on the contrary, for example, that the code
relays were to be operated in sequence of columns 1, 2, 3,
4, 7, 8, 9, 10 ank suppose that the scrambler called for
operation of code relays 1, 1, 1, 1, » and 3 in columns 1,
2, 5, 4, 7 and 8, respectively. These code relays would be
set up because 80 Tar the rule for usable codes has not
been violated. However, it would be impossible to set code
relays in columns 9 and 10 without producing an unusable
code because -the only ones available lie on common diagonals
with the code relays already set. If on the other hand,
the code relays are operated in sequence of columns, 1, 2,
5, 4, 10, ¢, 8, 7 and the scrambler calls for operation of
code relays 1, 1, 1, 1, 5, 3 as vefore, the first four re-
lays are set., Coluwuns 10 and 9 are not equipped with code
relays numbered 3 but code relays 5 and 6 in column 10 and
4 and 5 in column 9 are still available (usable). These
then would be operated by means of a reassigner circuit
associated with the exclusion relays. Under the conditions
assuned above, if 5 is operated in column 10, 5 also must
be operated in column 9; but if 6 is operated in column 10,
4 nust be operated in column 9. Usable relays, i.e. relays
located on unused diagouals, are still available in columns 8
and 7 as well as in the two exclv=ion relay columns and the
code could be completed.

Other Tunctions of the column relays are (a) to
operate transfers cn the exclusion relays so that unusable
code digits generated by the scrambler may be by-passed and
(b) to make effective the random number reassigner.

1.2 DIxclusion relays

The scrambler sets up connections which operate the
code relays. However, il exercises no supervision over such
connections. Conseouently, as previously explained, it is
possible for the scrambler to call for operation of a code
relay combinatioan which would result in an unusable code.

It is the function of the exclusion relays to prevent this
by keepinz a record of code relay operations called for by
the scrambler and by substituting usable code relays for
unusable code relays when necessary.
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Temporarily, it may be considered that one set of
exclusion relays is used for the odd, or regular, code and
one set ror the even, or interluce, code. Iater it will
be shown that two sets are required because of the manner
of setting up codes, In effect, it may be considered that
one exclusion relay is associated with each of the pre-
viously explained diagonals of Diagram D-II., Consequently,
for example, if code relay 1 in column 1 is operated an
exclusion relay associated with the corresponding diagonal
operates and blocks operation of code relays 2-Col.Z2,
3-Col,3, 4-Col.4, 7-Col.7, 8-Co0l.8, 9-Co0l.9.

Connections from the scrambler, except for columnl,
are fed through trunsfers on the exclusion relays before
being directed to code relays., If the exclusion relay on
any diagonal is normal (i.e. in the non-operated position),
any code relay on that diagonal which is called for by the
scrambler will operate., However, if the exclusion relay is
operated, the next usable code relay, in the order 1, 4,

7, 10, 3, 6, 9, 2, 5, 8, will operate. If a code relay
which has not heen provided in a given cclumn, is called for
by the scrambler, a malke contact on the column relay by-
passes the unequipped rosition to some other usable relay
which has been provided in that column.

In section 1.2 of this appendix, it was st2ted
that code-connections hetween sealed switch relays and com-
mutator segments 9 and 11 of the regular code and 20 and 2
of the interlace code are established by means of exclusion
relays rather than code relays. This is accomplished by
providing ten exclusion relays in each exclusion chain.
Thus, as eight code relays in columns 1 to 4 and 10 to 7 are
operated in setting up & code, eight of the ten exclusion
relays are operated and two of them remain non-operated.
Oppositely directed transfer contacts are provided on the
exclusion relays., The bacik contacts of these transfers are
connected in a certain way to the sealed switch relays and
the armature contacts of these transfers are connected in
a series chain throusrh front contacts of the transfers to
commutator segments 9 and 11 (corresponding to columns B
and Ej; of diagram D-II), in the case of the odd exclusion
group, and to commutator segments 20 and 2, in the case of
the even exclusion group. Sealed switch relays are there-
by connected through the back contacts of the two non-op-
eratbed exlcusion relays to the propsr commutator segments
through the front contacts of the transfers on the operated
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codes generated by the two will not follow the same general
rattern. Bach scrambler is made up of two scrambler con-
nectors, five rotary selectors (which mey be seen in
photographic Figs. 2 and 3) and five walking relays. The
walking relays are of &id in disguising the arc wiring of
The selectors by changing the order in which individual
codes of the total code group would otherwise be used.

- In effect the coding equipment generates a series
of' 10 digit numbers, each digit of which corresponds toc a
speech element. Of the ten digits, eight are generated by
the scrambler and two are generated by exclusion relays,
the latter as previously described, Digits generated by
the scrambler, may only have nunbered values corresponding
to the number of code relays in each column., For example,
the first digit of the eight digit group can only be one
of the numbers 1 to 35, inclusive, the second 1 toc 6, in-
clusive, the third 1 to 7, inclusive, the fourth 1 to 8,
inclusive, the fifth 1 to 8, inclusive, the sixth 1 to 7,
inclusive, the seventh 1 tc 6, inclusive, and the eighth
1 to 5, inclusive, The first four of the eight digits
govern the operation of code relays in the first four
columns of code relays in their respective orders and the
last four digits govern the operation of cede relays in
columns 10, 9, 8, 7, respectively, unless as previously
explained, they are modified by action of the exclusiocn
and column relays.

1.5 Scrambler Connectors

The scrambler connectors are the same physically
as the fixed code connectors used for fixed code operation
of the TD3 equipment. These cohnectors are provided so
that the order in which the scrambler generates codes may
be readily changed from time to time. The leads with
which the scrambler deuals are closed by the column relays.
There are eight feeder leads, one per column of code re-
lays. They are fed to the scrambler through the "In" scramoler
connector where DYV means of one of variously punched cards,
they may be reassigned to eight leads outgoing from the
connector.,

The cards for this coannector huve eight holes
punched in them, one for each lead., They provide a per-
mutation of the numbers 1 to 8, inclusive, The rule for
punching these cards is that there shall be <iie hole in
each of the eight horizontal rows and each of the vertical
columns corresvording to the incoming and outgoing leads.
If this rule is followed each lead will be fed through the
scrambler in a different circuit from any other lead.
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The leads from the code box are fed through the
contacts of the walking relays (which are associated with
the scrambler) which mix them up further before they go tc
the selector arcs of the scrambler. The eight leads out-
going from the "In" connector having been closed thrnugh by
the contacts of one of the walking relays are connected to
the brushes of selector arcs, thence to terminals of the
arcs to other selector brushes and so on through irom three
to five arcs. The terminals of the finzl arcs are all

wired to eight leads which connect to the "Out" scrambler
connector,

The "Oul" scrambler connector mixes the eight
leads from the scrambler in the same manner as the "In"
conitector and thereby also serves to disguise the arc
wiring and change the code cycle in the same manner as the
"In" connector. The rule for punching the "In" cards also
applies to the "Out" cards and it is assumed that the same
group of cards will be used for vovh sets of connectors.

2, TDS EQUIFMNEIT

2.1 TDS Machine

2,10 General

The TDS machine consists of suitable housings
which ::0uav the Jdrive motor, speed reduction gears, mag-
netic tape, polepieces and commutators. Complete with
dynamotor it weighs 05 pounds and has over-zall dimensions
of 12 amd 13/16 by 11 and 7/8 by 8 and 3/64 inches. Its
general appearance is shown on photographic Figs. 4 anmd 5,

The desig. provides over-all rigidity and accurate
alignment of shafts and associated bearines., It also
attemnts toc minimize non-uniformity of tape speed which
may result from several sources, including improper gear
tooth action (called "gear tooth flutter"). Design fea-
tures affecting the latter will be discusséd, subsequent-
ly, in detail. ITesh adjustment and continuous lubrication
of the main drive gears and main bearings is provided.
All moving parts are enclosed to minimize troubles re-
sulting from the action of dust. Commutators are easily
accessible for cleaning when necessary.

Tor convenience in description, the machine has
been divided into several component groups. These groups
are indicated in the order in which the complete machine
would ordinarily be assembled. They are as follows:
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(a) Dynamotor

(b) Quill Assembly

(c) Gear Housing

(d) Reduction Gears and Hesh Adjusting
Beeentrics

(e) Fole~Piece HMounting Plate assembly and
Associated Housing

(f) Receiving Commutator assembly

(g) Transmitting Commutator Assembly

(h) Rotor aAssemblies

2.11 Dynamotor

The function of the dynamctor is threefold., It
is driven from a 24 V d-c supply and furnishes (a) mechan-
ical power,-at a normal speed of 7200 r.p.m., for TDS
drive, (b) 250 V d-c supply to the plate of a vacuunm
tube in the speed control circuit and (c) 720 c.p.S.
pilot frequency to the speed control circuit. The latter
two functions will be described in Section 2.2 below.

A small ceatrifugal type blower, mounted on the
end of the shart oppcsite to the drive end, forces air
through the dynamotor for cooling purposes.

Physically, the dynamotor is mounted in the
Pinion Quill and forms part of the Quill Assembly.

2.12 Quill asscmbly

Reference to BE3-803540 will facilitate descrip-
tion of the Quill Assembly. This assembly consists pri-
marily of a "funnel shaped" part kiaown as the Pinion
Quill (2). The large end of this part is counterbored
to accept the shait end of the dynamotor housing. A
shoulder, formed by the counterbore, acts as a seat
against which the outer edge of the dynamometer housing
bears. This seat governs the depth to which the dyna-
motor may be inserted into the quill,

The dynamotor is fastened to the quill by means
of three motor fasteners (4) the ends of which engage
Woodruff key slots milled into the dynamotor housing.
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Then the cap screws (16) are drawn up, the dynamotor
housing is jammed tightly against the above mentioned
shoulder in the quill and the two are held rigidly to-
gether, In so far as machining tolerances permit, the
counterbore, which accepts the dynamotor housing, is
concentric with the centerline of the quill and the plane
of the shoulder, against which the dynamotor housing
seats, is normal to the centerline of the quill., This
arrangenent insures that the axis of the dynamotor shaft is
closely coincident, throughout its length, with the
centerline of the quill,

In the small or "spout" section of the quill, two
shielded ball bearings (14 and 15) are mounted. These
bearings fit into counterbores and are seated against
shoulders in the quill in the same general manner as
described for the dynamotor mounting., The axes of the
bearings are thus likewise closely coincident with the
centerline of the quill. Bearing retainers (18), exter-
nally threaded at one end, engage internal threads in the
quill, When seated, these retainers force the outer races
of the ball bearings tightly against the counterbored
shoulders iu the guill and hold them rigidly in place.

The helical pinion (3), which is described in
Section 2,14 is mounted in the above mentioned bearings.
Close alignment of the centerline of this pinion with
that of the motor shaft results from the previously de~
scribed method of mounting the dynamotor and the pinion
bearings. The it of the pinion in the internal races
of its bearings is adjusted to what may be described as
a "light push fit" and a pre-lozd of about 12 pounds is
applied to the bearings by means of pre-load springs (19).
The compression of these springs is adjusted so that the
pinion is permitted to move axially in its bearings -
the location of the cone shaped shoulders on each end of
the pinion being approximately equidistant from their
respective bearings. This method of mounting, although
somewhat unconvention 2], provides a radial rigidity which
could be obtained neither with plain bearings nor with
non-pre-loaded bzll bearings and at the same time permits
axial movement of the pinion under the influence of the
springs and neoprene flexible coupling (13).
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A relstively large momeat of inertia, about its
axis, has been built into the helical gear (described in
Section 2.14) which is driven by the pinion. This gear,
therefore, resists non-uniformity of rotation produced
by gear tooth irregularitvies between the two. If the
pinion were to be mounted with axial rigidity, relatively
severe gear tooth stresses, sufficient either to force
non-uniform motion of the driven gear, or to produce
mechanical failure, would be developed. The former, of
course, would be the more probable. This is avoided by
rermitting relatively small axial shifts in the location
of the pinion which relieve these stresses and permit

more uniform motion of the driven gear than would other-
wise result.,

The flexible coupling (13) is composed of three
metallic details bonded together with neoprene, One of
the details, termed "sleeve", is bonded externally to the
neoprene and prevents undesired expansion of the latter
und er the action of centrifugal force, The other two de-
tails, termed "bushings" connect, respectively, to the
motor shaft and to the pinion. The former is provided
with set screws which bind it to the motor shaft, The
latter, however, is provided with internal threads which
mate with threads provided on the motor end of the pinion.
Threads instead of set screws are employed, in this in-
stance, because the latter would not satisfactorily re-
sist the relatively heavy thrust of the adjacent pre-
load spriang. The primery Tunction of the flexible coup-
ling is, of course, to trancmit mechanical power from
motor to pinion and to reconcile the minor misalignment
in motor and pinion axes resulting Tfrom machining toler-
ances, In addition, however, the coupling acts as an
energy absorbing element for the previously described
axial shifts of the pinion and thereby minimizes the
possibility of mechanical resonance effects which might
otherwise be set up.

The Pre-Load Spring Ring Nut (20) screws to the
end of the pinion remote from the motor and compresses
its associated pre-load syring. This ring nut is threaded
and subscquently slotted. after slotting, the two ends
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are forced siichtly together, thus misplacing the threads
on either side of the slot with respect to esach other.
When screwed upon the pinion, the threads are forced in-
to proper relationship and a clamping action, which re-
sists possible tendency of the nut to work loose under
normal operating conditions, is thereby provided.

Bxcess lubrication of ball bearings, operated at
high syeed, may produce a condition known as "burbling",
which results from violent agitation o the lubricant.
Mechanical energy is thereby coanverted to heat energy,
which is lost. This loss, in itself, is undesirable,

Of greater importance, however, bearing temperatures may
be raised to undesirably high values in the process of
dissipation. For this reason, the pinion bearings are

of the shielded type. Upper Fianion Bearing (15), mount-
ing the motor end of the pinion,is of the double shielded
tyre. One shield minimizes the entrance of gritty par-
ticles which might otherwise drop into the bearing from
the motor end and the other minimizes the entrance of
excess lubricant, resulting from gear tooth "splash'.
Lower linion Bearing (14) is provided with only one
shield vhich is assembled toward tie toothed portion of
the pinion. It likewise preveabts the entronce of excess
lubricant, Double shielding was not specified for this
bearing because 1t was not desired to impede drainage of
0il which might get into the bearing via the upper shield.,
Furthermore, since this bearing is not subject to the
possible entrance of dirt from without the housing (as
the upper beariag is), a lovier shield is not considered
necessary.

Holes are jprovided in the motor ead of the quill
to permit eusy access to the dyaamotor brushes and to
permit free circulation of cooling air.

.13 Gear Housing

The following descrijption will be facililated
by reference to £S-8035546,

The gear housing (1) is the foundation casting
of the TDS machine. Its general shape is that of a rela-
tively short hollow cylinder. A mounting base and a
cylindrical shaped lug (known as the quill housing), lo-
cated externally and on opposite sides of its cylindrical
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surface, are cast integrally with it. Bolting flanges,

reenforced by stiffeners, have also been cast onto the ‘.
ends of tne cylinder, Its general appearance may be Seen

ol photographs Figs. 4 and 5, where it appears as the

center portion of the machine.

Two circular shaped bearing plates (3) are
equipped with locating shoulders which fit into the open
ends of the gear housing- These plates, together with
| associated gaskets (25), form an oil tight housing for
' continuous lubrication of the main Grive gears.

The bearing plates are provided with bearing
curs which receive and support the main shaft bearings
(13). The bearing cuvs are machined concentrically with f
the shoulders on the plates which assures accurate align- i
nment of the bearings. Integrally cast radial stiffeners
support the bearing cups and minimize deflection of the
bearing plates resulting from the relatively heavy thrust
(about 25 pounds) of the bearing pre-load spring (15).
The thrust of the pre-load s»ring eliminates radial play
in the beurings and prevents axial play in the main shaft
(12) by forcing it tightly against the bearing in the
right hand bearing plate., AU the same time, the shaflt
is free to expand and contract with temperature changes
without prodnecing binding or excessive bearing pressures,

A small annular slot is machined in the bearing
plate externally adjacent to the bearing cup., This slot |
is connected to the inside of the case by means of & f
i small oil return hole (not evident in the assembly draw- i
| ing). A slinger (17) umounted on the main shaft turns I
with it and throws oil, which has leaked through the i
seuled bearing, into the slot and thus returns it to the
) gear housing. !

The drum hub (2C), which mounts the t ape drum
assembly (19) upon the shaft, is mounted directly adja-~
cent to one of the main bearings, This construction pro-
vides relatively very great radial, axial and torsional
rigidity; all of which contsibute toward the provision
of uniform circular motion of the tape.
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2.14 theduction Gears and lMesh aAd justing Hccentrics

As previously mentioned, the driving dynamotor
runs at a normal speed of 7200 r.p.m. Since the code
cycle is 0.75 second, it is necessary that the brushes
and main shaft operate at a speed of 80 r.p.m. The first
requirement of the drive gears, therefore, 1is that they
provide a speed reduction of 90:1,

Before taking up further gear design requirements
it may be well to consider briefly effects which may be
expected to result from improper gear action. The tape
moves at a linear spesd of about 16.5 inches per second.
Consequently, with perfectly uniform tape velocity a
single cycle of a 1650 c.p.s. wave, for example, will oc-
cupy a distance of only 0,010 inch along the tape., Higher
frequencies, of course, will occury & smaller distance
than 0.01 inch and lower frequencies a greater distance.
From this it will be seen that periodic oscillations of
the tape (about its mean speed) of extremely small magni-
tude will produce an undesired frequency modulation of
the reproduced signal, In this connection, suppose for
example that the tupe is subject to an oscillation of
0.0005 inch amplitude, which, of course, is extremely
small, Under this assumption, the previously assumed
1650 c.p.s. wave would fluctuate between the limits of
about 1570 aud 1730 c.p.s, and the 800 c.p.s. wave would
Tluctuate between 3155 and 3465 C.P.S.

Non~uniformity of tape speed (called "flutter")
may be caused by several things, such as, (a) minor im-
perfections in gear tooth form and slight non-uniformity
in gear tooth spacing, (b) excess lash between gears and
(¢) "run-out™ of gear pitch circles with respect to their
axes, These factors, therefore, are important in estab-
lishing requirements for the gears.,

In order to minimize flutter, caused by item (a)
above, the pitch diameter of helical gear (item 13,
ES-803546) is as large, compared to the diameter of the
magnetic tape circle, as is reascnably possible™® and an
involute tooth form is used**,

*The magnitude of flutter at the tape, produced by non-
uniform tooth spacing, is proportional to the diameter
of the tape circle and inversely proportional to the
ritch diameter of the helical gear,

**With teeth of involute form, conjugate action between
two gears is not dependent upon tangency of their re-
spective pitch circles as it is with teeth of cycloidal
form.,
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A nminimum of lash (item (b), above) is assured
by providing the necessary 90:1 speed reduction in a
single pair of gears, rather than in a multiple train,
and in addition by providing for mesh adjustment between
the two. Mesh adjustment is accomplished by means of a
compound eccentric which positions the quill assembly in
the quill housing portion of the gear housing. The com~-
pound eccentric is made up of two sleeves known, respec-
tively, as the Type A Eccentric Sleeve and the Type B
Beecentric Sleeve (items 31 and 32, BS-803546), The
Type A sleeve fits into the quill housing but has the
axis of its internal cylindrical surface offset 0,01
inch to the right of the axis of its external surface.
The Type B sleeve fits into the Type A sleeve but has
the axis of its cylindrical internal surface offset
0.01 inch to the left of the axis of its externzl sur-
face, The guill assembly in turn fits into the Type B
sleeve., When the offsets in the two sleeves are dia-
metrically opposite each other, the centerline of the
quill assembly coincides with the centerline of the
quill housing. If, however, sturtiag with the two off-
sets diametrically ojjposite sach other and parallel to
the axis of the helicul gear (item 13, E3-803546), the
Types A sleeve is rotated a given nunber of degrees clock~-
wise (from its lower eud) and the Type B sleeve is ro-
tated the same number of degrees counterclockwise (from
its lower end), the whole quill assembly, including the
pinion mounted therein, will be moved directly toward the
helical gear and the gear mesh will be tightened., If the
sleeves are rotated in the opposite direction the mesh
will be loosened. Locking lugs have been milled onto
the lower ends of the sleeves so that they may be locked
in place, once the desired mesh is obtained,

In obtaining & reduction of 90:1 in a single pair
of gears, the driving pinion must be small compared to
the driven gear, If "flutter" due to "run out" (item (c),
above) is to be minimized, it is evident that the gears
must not only be machined with greut care, but the small
pinion must be adequately supported so that it does not
deflect appreciably under load. For this reason, the
pinion is "skewed" 15 degrees out of the plane of the
driven gear's pitch circle, This permits closer mounting
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of the bearings which support the pinion and thereby ap-
preciably stiffens the latter. Furthermore, this skew
increases the lead angle of the helical gear teeth thus
providing appreciably higher mechanical efficiency in
gear operation than could be obtained without the skew.
Design of the gears is shown on ES-803510,

To further minimize the possibility of flutter,
helical gear (ES-803510-1 and item 13, ES-803546) has
been equipped with a heavy integrally cast rim. This rim
provides the gear with a relatively great moment of iner-
tia about its axis which resists undesired accelerations
produced by imperfections in the gear train. In order
to avoid enforced accelerations of this gear, in spite
of its large moment of inertia (with resultant heavy gear
tooth stresses) the driving pinion is permitted to slide
axially in its bearings under control of the flexible
coupling, as described in SBection 2,12,

2,15 TFole~Fiece Mounting Plate Assembly and Associated
Housing

Refer to drawing #5-803546,., The pole-piece
housings (4) bolt to previously described bearing plates
(3)s The former are centered in place by means of shoul-
ders on the latter and, in turn, they support and center
the transmitting and receiving commutator assemblies
(6 and 7). 1In addition, the housing on the left hand
side of the gear housing, supports the pole-piece mount~-
ing plate assembly (21) and positions it properly with
respect to the tape. Threaded lugs are provided on the
inside surfaces of these housings (not particularly evi-
dent from the drawing but may be seen in the housing lo-
cated on the right side). These lugs govern the depth
to which the mounting plate assembly may be inserted into
the housing and alsc afford mcans whereby both the mount-
ing plate and commutator assemblies may be bolted in
place.

Design of the pole-piece mounting plate assembly
is shown on ES5-803525. This drawing shows the method of
mounting the pole-pieces (2 and 3) in the mounting plate
(8) and the method of bringing out the pole-piece wiring
(Sect C-C). It will be noted that the pole-pieces are so
mounted that they are free to swivel about the pole pin
assembly (7) and thereby to follow irregularities in the
maghnetic tape.
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The pole-piece jaws are held in contact with the
tape by means of small U-shaped springs (6)., Side play
of the pole-pieces in their mountings is eliminated by
means of the pole-piece pin spring (1). This method of
mounting permits the swiveling action described above
but prevents chatter of the pole pieces as the tape
slides between the jaws,

2.16 ,Receiving Commutator Assembly

The receiving commutator assembly (item 6,
ES-803546) is shown in detail on ES-803541., This assem~
bly consists principally of a housing (1) which mounts
the receiving commutator (4) together with a worm and
worm gear (5 and 7). The appearance of the commutator
and its housing is shown in photographic Fig. 5.

The receiving commutator incorporates a needle
bearing race, a commutator ring, a code cycling ring, two
slip rings and a hub into a single unit. These parts are
molded together with Tenite II. The commutator, cycling
and slip rings are faced with heat treated palladium-
copper to rrovide lov electrical resistance and high re-
sistance to brush abrasion.,

The hub is bored out at its commutator end, to
form a bearing pocket for a main shaft outboard bearing
(item 22, ES-803546). In addition, the hub, at its other
end accepts a split worm gear (5). This worm gear, to-
gether with its driving worm (7) affords means for ad-
justing the commutator with respect to its associated
brushes, which, as previously explained, is necessary 1in
making proper allowance for circuit delay,

A bearing plate (8), located by shoulders in the
commutator housing, supports the worm gear and prevents
axlal play and canting of the commutator. Free circular
movement of the commutator 1s permitted, without radial
rlay, by means of needle rollers (14) which ride between
the needle bearing race (which forms the outer circum-~
ference of the commutator) and a properly machined race in
the housing.

Wiring, connecting to the various segments and
rings of the commutator, is formed into a cable which is
coiled around the commutator hub in the form of a clock
spring (See ES-803541 Section A~A). This permits circular
ad justment of the commutator.
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2.17 Transmittine Commutator Assembly

The transmitting commutator assembly is nwuch the !
same oS5 the receiving commutator assembly except that no ?
provision for adjustment of the commututor with respect ' ‘
to its associated brushes is required. The commutator
therefore fits snugly in its housing and 1is held in
place by small machine screws,

Details of this assembly are shown on ES-803542,
( and its position in the machine 1is shown on ES-803546,

2.18 Rotor Assemblies _ |

The rotor assemblies are mounted on the ends of : i
the main shaft and carry the contact syring assemblies. ’
Details of the roter assemblies are shown on ES-803533
and their position in the main assembly is shown on
ES-803546. The receiving rotor assembly mey be seen in 3
photographic Fig. 5, !

The rotor assemblies are held on the shaft be- ﬁ
| tween two clamp discs which are forced together by means
of a nut which threads onto the end of the shaft., The |
inner disc (item 1, ©S-803533) abuts against the inner !
race of sealed bearings (item 22, ES-803546) and jams ‘

the latter against a shoulder provided on the shaft. The ‘
bearing is thus held tightly on the shaft, but its outer {
|| race is free to slide axially in the bearing pocket of
| the commutator hub. This avoids undue stresses which ‘

might otherwise result from uiequal expansion and con- '
| traction of the various members under temperature changes. :

I The contact srring assemblies are insulated from
’ the rotors, in order that the various commutator segments
and cycling segments may be grounded through their as-
] sociated slip rings, only, Two grounding slip rings,
have been provided on the receiving commutator (one for
the cycling segments and one for the commutator segments).
Interaction between sealed switch coding relays and the
control relays for the continuously recycled coding equip- i
ment, which might result from a common ground conductor,
is thereby avoided,

The general physical appearance of the speed con~
trol equipment will be seen by examination of photographs ;
Figs. 1 to 4, .
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A schematic diagram of the speed control circuilt,
which provides a d-c motor with synchrconous motor char-
acteristics, is shown on ES-804317. Functionally, this
circuit may be divided, exclusive of the dynamotor which
it controls, intoc three main component groups, as follows:

1, A bridge stabilized oscillator which employs a
720 c.p+S. quartz crystal in a thermostat for
frequency control,

2, A "potor-control" bridge in which the crystal
oscillator is coupled to the dynamotor.

3¢ A thermal control device for stabilizing the
temperature of the crystal in item 1, above,

The bridge stabilized oscillator consists of a
two stage amplifier with a twin triode in the last stage.
One of these triode units acts as a "buffer" stage. The
output of the other is connected to a bridge circuit made
up of a D-181645 Crystal with series trimming condenser,
a D-163736 Therimiistor and resistors of 0.5 megohm and
5000 ohms, respectively. The output terminals of this
bridge are connected respectively to the grid and cathode
of a 6SF5 tube used as the first amplifier stage.

When the bridge is unbalanced by an amount equal
to the gain of the amplifier, regenerative feedback is suf-
ficient to produce oscillation at a frequency controlled
by the crystal. The amplitude of the oscillation is con-
trolled by the thermistor, which reduces its resistance
to approach bridge balance as the amplitude of oscillation
increases.,

A condenser (marked "As req." on the drawing)
provides a fine adjustment of frequency. Due to thermal
lag in the vacuum mounted crystal, the oscillator should
be operated for at least 24 hours, before attempting final
frequency &d justment.

The theory of this type of oscillator is given by
L. A, leacham, Ytroc, I.,R.E., V26, Oct. 1938, p. 1278,
"Bridge Stabilized Oscillator®,
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The "Motor-control" bridge is a three-arm fre-
quency bridge which is the full circuit equivalent of the
four-arm frequency bridge described and analyzed in
U. S. Patent 1,695,035. One arm of the "motor-control™
bridge (terminals 3-4 of the D-163407 Bridge Unit) is &
parallel tuned circuit which is equivaleat to a resistance
when in resonance. This arm is balanced by a resistance
network (terminals 2-3 of the bridge unit) composed of two
fixed resistors and a thermistor. 'The effective resistance
of this latter arm varies with temperature so that it
matches that of the tuned circuit arm closely at all usual
temperatures. The third arm, (termminals 1~2 of the bridge
unit) is a coil having high mutual coupling with the coil
in the first arm of the bridge (terminals 3-4). This high
mutual coupling makes it unnecessary to provide a tuning
condenser or a balancing resistor for the third arm, since,
in effect, they are consolidated with the condenser and
balancing resistance of winding 3-4. This makes the three-
arm bridge the equivalent of a fourr~arm bridge.

When the pilot-frequency from the dynamotor (ap-
rlied to the bridge through winding 3-4 of the KS-8699
transformer) is such that the bridge balances, there is no
output voltage across bridge terminals 2-3. If the pilot
frequency and, hence, dynamotor speed, is off normal the
bridge will deliver an output. The bridge, therefore,
serves as a speed measuring device which delivers an a-c
voltage of varying phase angle (with respect to an arbi-
trary reference) depending upon whether the speed is high
or low and of magnitude proportional to the difference
between actual speed and desired speed,

In oréer to make use of the above described bridge
characteristics, it is necessary that the bridge output
voltage be compared to a reference, The dynamotor pilot
frequency is also used for this latter purpose by in-
pressing it upoa the plate circuit of a 6J5 vacuum tube
(known as the phase detector) which has its grid circuit
energized from the bridge output. The detector tube plate
current is thereby dependent upon the relative phase and
amplitude between its grid and plate voltages, the former
being maximum when the two are in phase and minimum when
the two are in phase opposition.
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The phase detector is coupled to the grid circuit
of & 6V6 vacuua tube through a resistance-capacitance fil-
ter. The filter assures proper initial phase relations,
reduces pulsations and, by properly modifying the gain-
phase shift char&cteristics of the regulator, operates as
a damping network to prevent hunting of the system about
its mean syeed.

The plate circuit of the 6V6 vacuun tube contains
the dynamotor regulating field winding. Its plate current
thereby adjusts the motor field to hold its speed constant.

The "motor-control" bridge, described above, is
capable in itself of controlling the dynamotor speed to
within about 1 part in 1000, under varying conditions of
load and power supply. Wheu, however, an external voltage
of suitable frequency and magnitude is impressed uron the
motor~-consrol bridge, the motor runs in synchronism with
the external voltage and its speed stability is thereby
derendent uron the frequency stability of the latter. The
bridge stabilized oscillator, previously described, is
used for this purpose.

In order to obtain the degree of frequency sta-
bility desired, it is necessary to closely control the
temperature of the quartz crystal. This is accomplished
by mounting the crystal, together with resistance elements
(which serve in the dual capacity of heater and thermostat)
in 2 Dewar flask. (This flask can be seen in the photo-
graphic Fig, 2 and 5,) :

FPower for the resistors, which serve as heaters,
is obtained froii another bridge-type oscillator. In ad-
dition to their function as heaters, the resistors form
two control arms of the bridgs which govern the oscillator
and thus act, in effect, as a thermostat. These resistors
are incorporuted in a single unit (BESL-574830) and are
wound on a brass tube vhich encloses both the crystal and
thermistor of the previously described bridge staktilized
oscillator. One resistor (1-2) is of nickel wire and the
other resistor (3-4) is of advance wire. The nickel wire
has a relatively high temperature coefficient which bal-
ances ths bridge and thus limits or stops oscillation when
the operating temperuture is reached. With this arronge-
ment, the quartz crystal is held at a temperature of about
140 F with variations of less than 0.2 F.
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In order to afford meuns whereby the brushes in
the machine of one terminal m&y be set in the proper posi-
tion with respect to those in the other terminal, manually
operated speed changing controls are incorporated in the
speed@ control circuit. These controls are in the form of
keys whose function, when held off normal, is to short-
circuit the output of the controlling bridge~stabilized
oscillator and to change the tuning in the motor-control
bridge by adding or subtracting capacitance from the tuning
condenser which is used for normal speed. With these con-
trols the dynamotor can be made to operate either faster
or slower than normal with either relatively small or
large speed shifts. The change produced by the fine con-
trol is about 0.1 per cent. That produced by the course
control is appreciably greater.

2.3 Transumission and Associated aApraratus
2.30 General

The following sections describe the transmitting
and receiving amplifiers. Descriptions of the bias and
erase oscillator, bias and voice frequency switching cir-
cuits and the gap and overlap adjusting circuits are also
included in this section because, although not strictly
falling within the transmission apparatus classification,
they are directly involved in the transmission process.

The general appearance of these pieces of appara-
tus is shown by photographs, Figs. 1 to 4.

The over-all transmission-freauency characteris-
tic of two terminals in tandem, one transmitting and the
other receiving, as measured between 600 ohm impedances
is indicated on ES-824308., The low frequency response
of the system is deliberately reduced, by a predistorting
network located between the transmitting amplifier and
the recording pole-pleces, in order to avoid serious low
frequency wave-~form distortion produced by the tape. At
the high frequency end, responce decreases with fregquency.
This is not intentional but results from the relatively
poor high frequency response characteristics of the repro-
ducing pole-pieces., Some improvement in over-all high
frequency characteristics is afforded by an equalizer,
used in the output of the receiving amplifiers, to raise
the magnitudes of the higher freguencies with respect to
the lower frequencies.,
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2.3l Transmittineg Amplifier

"Transmitting Amplifier" is an arbitrary designa-
tion applied to one of the two terminal amplifiers. It
is always utilized for recording voice signals upon the
magnetic tagye, With the terminal in the transmitting
condition, it railses the microphone output and, with the
terminal in the receiving condition, it raises the in-
coming line signal to a value approaching the overload
roint of the tape. This insures a more favorable signal
to noise ratio than could otherwise be obtalned. In
order to work the tape at its optimum load pcint this
amplifier is of the limiting type, changes in the input
level being amplified linearly until a predetermined in-
put level is reached. Above this predetermined pcint the
gain of the amplifier is regulated in such a manner that
the output is held to a constant value.

The characteristics oi the amplifier together
with associated input and output networks are such that
with an input of -20 dbuw, the amplifier starts to limit
the current in the recording pole-pieces to the approxi-
mate values shown in the following table.

Table II

Record Coil Current in
'requency Milliamperes

300
500
700
1000
1500
2000
2000

DR O
Q
VORI

L d < L d 3 L d L d

This delayed amplitude control is accomplished

in such & manner as to introduce practically no wave
shape distortion,

The limiting range is from -20 to +10 dbm at
which point wave shape distortion due to amplifier over-
loading occurs.

The amplifier circuit is shown on ES-803592. It
consists of two push-pull stages of amplification in tan-
dem., Limiting action is obtained by deriving a d-c voltage
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proportional to the signal input and applying it as a
bias voltage to the input stage to decrease its gain in
proportion to the signal increase, This action is pre-
vented until the predetermined value of input level has
been reached by proper biasing of the control circuit.
The second stage operates at a fixed gain.

The first amplifier stage, consisting of two 6L7
multi-electrode tubes in pushe-pull, receives incoming
signals through a 500 ohm to push=pull grid step-up trans-
former, OSutput from this stage is coupled to the final
stage, a 6SN7GT with its two triode sections connected in
push~pull, by means of a balanced resistance-capacity in-
terstage network. Output is obtained through a push-pull
triode plate to 50 chm output transformer, Feedback volt-
age for the delayed amplitude control circuit is obtained
from the output circuit of the push-pull 6L7 stage through
a bridged high impedance resistance-capacity coupling net-
work and is amplified by a triode push~pull stage utiliz-
ing both triode sections of a single 63C7 tybe. The
plate circuit of the 63C7 amplifier stage is couypled
through the usual resistance-capacity network to the
cathodes of a full wave 6H6 rectifier, Since the extra
control grids (No. 3) provided in the input stage 617
tubes are connected to the negative side of the 6H6 recti-
fier circuit load resistance, the amplified control volh-
age will appear as a negative bias that will decrease the
gain of the first stage in proportion to the inprease in
the input level, The control circuit is rendered inef~-
fective until the predetermined input level has been
reached by inserting a positive bias in the rectifier
cathode circuit., This bias will cause the rectifier tube
to be nonconducting until the negative peaks of the ampli-
fied control signal exceed the bias in magnitude. When
the control voltage is greater, a rectified current pro-
duces a negative control bias which is applied to the
617 grids (No. 3) and the over-all gain of the amplifier
is correspondingly reduced. The bias voltage also charges
the capacitance across the load resistance, The time con-
stant of this combination is such that, once the limiting
circult is operative, gain fluctuations will be slowed
down and will not follow individual speech peaks.
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The balanced input circuit of the amplifier is
switched, through two sets of transfer contacts appear-
ing on push-to-talk relay PT-1, to either the local mi-
crophone circuit or to the incoming 1line, By the same
operation the unbalanced output circult, also switched
on relay FT-1, is connected to the proper recording pole-
piece (terminal transmitting) or to the coding pole-
pieces (terminal receiving).

2.32 Receiving Amplifier

The term "Receiving Amplifier" is arbitrarily
used to designate that terminal amplifier which is always
used to amplify signals reproduced from the magnetic tape.
With the terminal in a transmitting condition, it raises
the low level energy received from the tape to a level
suitable for transmission on the line and with the ter-
minal in the receiving condition it raises low level
energy taken from the tare to suivable values for the
operation of a receiver,

The receiving amplifier circuit 1s shown on
E5-803593., It coasists of two stages of amplification.
The first stage, a 68J7 pentode voltage amplifier, re-
ceives its input from the particular reproducing coil in
use at any given moment through a 50 ohm to grid step-up
transformer. Output voltage from this stage is coupled
to the grid of a 605 triode, which comprises the second
stage of amplification, by means of a resistance-capacity
interstage network. Plate circuit filtering (in addition
to that provided in the power supply) is provided in the
first ctage to minimize the effect of disturbances pro-
duced by other apparatus operating from the same power
source., Controls that permit an independent adjustment
of output power for the transmitting and receiving con-
ditions are obtained by providing two paralleled grid
potentiometers as the output element of the interstage
network, The 6C5 grid connection is switched to the ad-
justable arm of the proper potentiometer by means of a
set of transfer contacts on push-to-talk relay PT-2. Out-
put from the amplifier is obtained by means of a step-dovn
transformer that matches the output stage to a 500 ohm
line., Both sides of the amplifier output circuit are
switched from the handset receiver (receiving condition)
to the transmission line (transmitting condition) through
transfer contacts also on push-to-talk relay PT-2. The
unbalanced amplifier input is correspondingly switched
from pole-piece 10 to the proper bus condrztors on the
voice frequency switching circuits by means of another
transfer contact on PT-2.
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! 2.33 20 KC Bias and Erase Oscillator

H The purpose of this oscillator is to supply 20 XC

l bias and erase voltage to the appropriate pole-piece coils

|' of the magnetic tape recording system. Wwhen the T.D,S.

l circuit is operated in the transmitting condition the os-
cililator outrut is connected, by operation of the various
push to talk (¥T) relays, through a fixed condenser to
the recording coil (No., 11), and, by means of & ster-down
transformer, to the erase coil (No, 10)., In the receiv-

| ing condition the oscillator output is applied directly
to the input of the nine bias switching circuits supply-
ing coils of coding role~-pieces 1 to 9 and by means of
the previously mentioned step-down transformer to the

erase coil (No. 11).*¥ These circuits are shown in prlnci-
ple on drawing ES-803588, The switching details are
shown on drawing ES-804366.

The oscillator circuit is a simple tuned plate
| feedback circuit employing a 6V3 tube. A schematic cir-
! cuit of the oscillator unit is shown on drawing ES-803589
; Grid-plate circuit feedback is obtained through mutual
; coupling of the r£rid and plate circuit inductances. Fre-
' quency of oscillation is determined by tuning the plate
: circuit inductance to approximately 20 ke with a fixed
' cordenser. Provision for a tuning range of approximately
1000 cycles is made by utilizing a small adjustable air
trimmer condenser in parallel with the fixed condenser.
= This lexibility is necessary in order that the oscilla-
tor frequency may be set to the frequency of maximum
response of the bias switching circuits used in the re-
ceiving condition of ©the T.D, S. circuit, A 50,000 ohm
resistance is shunted across the oscillator ta...x circuit
to make its impsdance small with respect to the ingput
nyedances of the bias switching circuits that are suc-
cessively connectzd to the oscillator output. This is
| necessary to prevent momentary drors in bias voliage
should the bias switching circuits te so adjusted to
produce overlap**and thus conzect two circuits to the
oscillator during the overlap period.

*As previously exylained, in the transmitting condition
- pole-riece 10 erases and pole-piece 11 records; in the
‘ receiving condition pole-piece 10 rerrcduces ani pole-
riece 11 erases,
**¥Jdeally, one coding relay skhould rel
instant thzat its successor nmakes corL
‘ a ternm used tc desicnate the corditi
relays do not release until after th
kave orerated.
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2.34 Bias and Voice Frequency Switching Circuits

As explained in Section 4.1, in order touilize
the same code at the transmitting and receiving terminals,
the receiving TDS circuilt must be arranged for "decode on
record." With this arrangement the incoming scrambled
syeech elements are recorded on the magnetic tape, one at
a time, in the same order as they are selected from the
transmitting tape. When the series of recorded speech
elements -pass under the receiving circuit reproduce coil*
they are in the proper sequence and the message is re-
produced in its original form. IHence, when a TDS ter-
minal is receiving signals, provision must be made for
utilizing coding coils one to nine as recording coils to
be selected one at a time in accordance with the particu-
lar code in use, This inv olves connection of the re-
cording coil (selected at a given time by the code) to
the incoming transmission circuit and to the 20 ke bias
supply .** Bias voltage must be removed from these coils
when not in use. GCtherwise, speech increments previously
recorded on the tape would be partially erased., TFor
example, if bias wvere applied continuously to all nine
coding coils a cumulative erasing effect would result.

Various circuit details necessary to accomplish
the above end may now be considered., Since it is neces-—
sary to switch both the signal and bias for each of the
nine coding coils, a separate voice transmission circuit
anGé a separate bias circuit must be provided for each of
the nine coils. This iz necessary in order to provide a
filtering circuit in the bias leg which will suppress
voice freaquency transients produced by switching the
relatively high level (2.5V) 20 kc bias on and off the
coding coils. Such transients, otherwise, are recorded
and reproduced as clicks.

*Phe term "coil" herein refers to coils on the pole-
pieces, It is therefore used synonymously therewith; un-
less obviously otherwise,

**Signals cannot be properly recorded on magnetic tape
without bias.
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Reference to the simplified schematic drawing
ES-803588 (assuming the push to talk (PT) relays to be in
the non-operated or R position) will indicate how the
various coding colls ave energized from their respective
transmission aad bias circuits.

The relays, indicated as being under the control
of the code producer and commutator, are fast operating
switches of the reed type known as "glass sealed switchesM
Bach switch consists of a pair of magnetic reeds sealed
in a glass tube with the reed terminals brought out from
opposite ends of the tube, When placed in a magnetic
field of the proper intensity the reeds are magnetized
and are attracted to each other, thereby closing the cir-
cuit. When the field collapses, the reeds restore to
their normally open position. Operating time for these
switches is in the order of one millisecond. The three
switches associated with a given coil circuit are ener-
gized by one relay winding which has its battery circuit
completed to ground by the commutator through either the
fixed code connector or through the connection provided
by the code producing apparatus. The other groups of
three switches are similarly controlled.

Colls 1-9 are connected to the junction of the .
individual bias and transmission circuits by back con-
tacts of relays PT3 and PT4. When the TDS circuit is
used in the transmitting condition, the nine coding coils
are used as reproduce coils and are connected to the
third sealed switch in each coil group by push to talk
operation of relays PT3 and PT4, In this condition, the
output of any one of the coding coils will be connected
to the input of the receiving amplifier by the closure
of the proper sealed switch as governed by code connec-
tors and transmitting commutator.

The individual coil bias and voice Trequency
switching circuits used in the receivings condition of the
TDS circuit are shown schematically on drawing ES-803590.
This schematic illustrates the circuit Tor only one of
the coding coilsj; the circuit is duplicated for each of
the other coils of the 1 to 3 group. The bilas leg, con-
sisting of a sealed switch, coupling condenser, grid cir-
cuit anti-resonant network, 6KO6GT vacuum tube and series
resonant loose-coupled output circuit, is in effect a
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band-pass impedance transforming filter which permits the
20 kc bias to be applied to the record coil and, by vir-
tue of its loss at frequencies other than 20 ke sup-
presses, to a large extent, voice frequency transients
that result from switching the 20 kc bias., Signal trans-
mission from the transmitting amrlifiexr is through the
second sealed switch end an unsynetrical 40-500 ohm pad
to the recording coil, at which point the bias is applied.
The pad is necessary in this leg of the circuit in order
to limit the amount of 20 kc current that otherwise would
be set up in the sealed switch which controls the voice
circuit. Voice frequency transients resulting from the
switching of stray bias current in the latter circuit are
thereby largely avoided. In addition to the above, the
pad terminates the transmittine amplifier output in 40
ohms and its 500 ohm leg provides a '"constant current vs.
frequency”" feed* to the recording coil. The latter is
necessary if the higher voice freguencies are to be re-
corded on the tare with the relative magnitude desired.
This is simply because the impedance of the recording
coil increases with frequency, producing, for any given
applied vcltage, a decrease with freguency of recording
ampere turns.

2.35 Sesaled Switch Relay Gap and Overlap Adjusting
Circuit.,

In order to permit a small range of adjustment in
the length of the speech segments as determined by indi-
vidual operate-release characteristics of the sealed
switch relays, a gap-overlap adjusting circuit has been
provided for each relay coil, This permits some adjust-
ment in the length of speech increments recorded on and
reproduced Trom the tape by each coding coil.

The circuit, shown schematically on drawing
BS-803591, consists of an adjustable capacity-resistance
network made up of a 500 ohm protective resistance and
a 5000 ohm potentiometer in series vrith the sealed switch
coil on its power supply side, and a 0,75 mfd. condenser
connected Trom the commutator side of the sealed switch
coil to the potentiometer slider.

*The impedances of the pole-pieces are small compared
to 500 ohms.
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When the potentiometer slider is adjusted to con-
nect the condenser dlreotlj across the relay coil; the
condition of maximum gap is realized since, in thls coin-
dition, the voltage across the coil builds up relatively
slowly when the brush contacts the associated commutator
segment and decays relatively rapidly when the brush
leaves the segment: In the other extreme position, with
3000 ohms between the condenser and relay coil, the volt-
age buildup across the coil is relatively rapid and 1ts
decay relatively slows Hence, maximum overlap is obtained
by this latter conditions The proper operating adjustment
has been found to be w1th the potentiometers so set that
almost all of the resistance between condenser and relay
is cut out of circuit,

Resistance~capacity filters, shown on the machine
panel portion of the drawing are provided to suppress coun-
mutator sparking and radio freqrency nolse which might
otherwise be generated by inductive surges from the relay
coils. Wiring between the machine panel and switching
circuit panel, shown dotted on drawing ES-803591, repre-
sents the cross-connections set up either by the fixed
code connectors or by the code producing equipment.,

2.4 TDS Fower Supply Equipment

The TDS equipment (exclusive of coding equipment)
requires about 2a of 24V d-c power &and about 225 milliam-
peres of 250V d-c power, Bobth of the above are supplied
from an a-c 60 cycdle 115V power source; the former by means
of a small conventional motor generator set which needs no
description and the latter by means of a rectifier,.

The rectifier is of conventional design., Elec-
tronic regulation is employed and a manual voltage adjust-
ment has been provided to enable the output voltage to be
set accurately at 250 volts. The range covered by this
ad justment is approximately 200 to 300 volts,

The circuit, shown schematically on drawing
B3-804300, utilizes an RCA 5U4G full wave rectifier, W,E.
3104 control tube, two W,B, 300B tubes in parallel as
series regulators and two W.E. 313CA cold cathode gas
tubes.,

A divider network has been added at the output of
the supply to provide taps for the sealed switch relay cir-
cuit and the push to talk relay circuit (relays PT1 to
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1T8), TI'late supply for the 6KBGT tubes used in the bias
switching circuits is obtained through a series resistor
and is switched off when the TDS circuit is in the trans-
mitbting condition. The bias and erase oscillator is also
supplied through a series resistor. Tybes in the trans- -
mitting and receiving amplifiers receive their plate sup-—
ply directly from the £50 volt terminals of the power unit,
This unit also supplies heater power to the tubes used in
the bias oscillator and switching circuits.

2,5 Arrangement and Interconnection of Component Farts

Previous sections have described TDS components
individually. This section describes the method of com-
bining such components into panel units and the manner in
which they are interconnected to form a complete TDS unit,

Reference to drawing ES-803595 (Bay Layout) indi-
cates the arrangement of these panels and the location.of
the various interconnecting points of the component cir-
cuits. Each panel on the bay is given a number which ap-
pears at the upper right hand corner of each panel on the
drawing. Terminal strips and other connecting units such
as keys and relays, are also nunbered. Hence, to deter-

.mine the location of terminal strips shown on the panel
wiring schematic drawings, refer to the bay layout drawing
BS-803595, For example, T,5, II-3 would be terminal strip
number 3 on the machine panel (designated as II). The
complete panel wiring is shown in schematic form on the
following drawings:

Coding Control Panel - ES-804365
Voice Frequency Amplifier Panel -~ ES-804368
Switching Circuit Fanel ~ W3-804367
Power Supply Panel - ES-804300
Connections to Terminal Strips

(Machine Fanel) - ES-804305

The sypeed control and machine panels are described in other
sections of this reports Panel interwiring is shown on
drawing ES-804369 - "ranel Interwiring Schematic "

The coding control panel, shown on drawing
ES-8043565, consists of two groups of circuits; talking
and coding control, The talking circuits include trans-
mitter and receiver, line and push-to~talk relay control

«
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circuits, Coding control circuits consist of the CCl to
CC4 key circuits which are used in switching the system
from fixed to continuously recycled coding, and the trans-—
mit-receive commutator transfer circuits (relays PT-5 to
1'T-8), This drawing, in addition to showing the detailed
panel wiring, also indicates the connections to the com-
mutator segments, sealed switch coils, code boxes and
Jones connector (to recycled code producer) thereby en-
abling the TDS pair cf the coding circuit to be fol-
lowed through from the one drawing.

The circuits on the voice frequency amplifier
panel, shown on drawing ES-804388, include the transmit-
ting and receiving amplifiers, slow release circuit for
the PT relays and the various circuits associated with
the push=to-talk relays 1Tl and 1'T2. This panel also in-
cludes a transformer for vacuum tube heater supply.

The switching circuit panel, shown on drawing
ES-804367, consists of the 20 kc¢ bias and erase oscillator
the nine switching circuits with their associated sealed
switches and gap-overlap adjustment, and the transmit-re-
celve transfer circuits associated with push-to-talk re-~
lays ¥7T3-4.,

Drawing ES-804300 is a schematic wiring diagranm
of the power supply panel, Included on this panel is the
filament supply for the tubes in the bias and erase os-
cillator and the nine voice and bias switching circuits
and divider circuits to provide the various voltage taps
for elements of the TLS circuit. This unit does not
suprly power to the speed control panel,

Panel interwiring of the transmission and asso-
ciated circuits is shown on drawing ES-804369, The coding
circuits are shown schematically on this drawing since
they have already been covered in detall on BES-804365,

Wiring from the machine pole-pieces, commutator
and cycling segments to terminal strips on the machine
panel is indicated on ES-804305.
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FINAL REPORT NDRC PROJECT C-50

APPENDIN B

OPERATING INSTRUCTIONS

1, Preliminary Owerating Steps

" Since it is impossible for the TDS equipment to
transmit intelligible speech unless the motors of each unit
are running at the same speed, it is necessary that the cry-
stal ovens be energized for a considerable length of time be-
fore operation is started, Therefore, the first step in set-
ting up the TDS equipment is to connect the TDS bay, shown on
photographic Fig. 1 to a 110-volt, 60-cycle source and oper-
ate the oven switch located on the "Speed Control Panel"™ to
the "OWR" position., The power cord for the 110 volts comes
out at the bottom of the TDS bay and 1s shown on photograohic
Fige 4. The oven should be turned on at least twelve and
preferably twenty-four hours before the equipment is to be
used to transnit speech.

When the ovens have been heated for the proper
length of time, the equipment is ready to be lined up for
transmitting speech. The operator should now turn on the
other power switches on the TDS bay, First the power cord
labeled "24 V d-c supply" shown on photographic Fig, 4 should
be connected to a suitable 24-volt d-c¢ source, negative side
grounded, The rectifier, lower panel of the TDS bay, which
supplies the power for the amplifiers, oscillator, and relays
of the TDS is put in operation by the power switch indicated
on the lower panel of photographic Fig., 1., The TD3 motor is
started by the motor switch on the upper panel of the TDS bay,
indicated on the same picture, The circuit over which the
sneech 1s to be transmitted should be connected to the four
line terminals shown on photographic Fig, 1. On the same
picture two jacks are shown labeled "TR" and "Rec", these
designate the jacks into which the push-to-talk handset
should be plugged, 'The "Coding Control Switches" shown on
the same panel should be in the %“Fixed Coding" position, as
shown on this picture When these connectiong have been con-
pleted, the operator should place code cards, which have been
agreed upon previously, in the "Fixed Code Connector™ boxes,
shown on photogravhic Fig, 1, The delay indicator, labeled
"Delay Ms," shown on the same figure should be set to read
zero by turning the "Circuit Delay Control" wheel,
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2. Over-All Phasing and Circuilt Delay Adjustment

Upon conmpletion of the above operations at each ter-
minal, the TDS system is ready for over-all phasing adjust-
ments, Previously, however, the operator of the A terminal
and the operator of the B terminal shall have agreed upon
which shall tslk first over the system. Assume that B oper-
ator has been so designated, IHe will, at the appointed time,
start to talk through his TDS unit by oressing the pushto-
talk button of his handset end will call continuously for an-
proxime tely three ninutes, preferably using reading material
of a nonsecret nature, When A operator, listening at his TDS
unit, hears the scrambled speech from B operator, he should
immediately begin the nhasing opcration.

Phasing is accommlished by operating the fine soeed
control kev, shown on photogranhic Fig. 1, to either its fast
or slow position while listening to incoming scranbled speech,
This key should be held continuously in whichever position the
A operator selects until the inconing scrambled speech from
the B opsrator becomes restored, The key may now be operated
alternately between 1ts fast and slow positions until an ad-
justment, which rniekes the restored speech sound best, is ob-
tained, This phasing operation will require a time ranging
from a few seconds to a maximum of about a minute and a half
after the sveed control key 1s operated,

By the time the B operator has finished his 3-
ninute period of celling, the circuit should be properly
phased for s»oeech transmission from B to A., To obtain two-
_way transnmission, the A operator in turn will call through
his TD3 unit in the seme mauner as B overator called, this
procedure having been agreed upon previously, While the A
operator is calling, for a similar 3-ninute period, the B
operator will slowly turn his "Delay Control" wheel, shown
on photographic ¥ig., 1, in & counterclockwise direction until
restored s»neech is received from A, He will then adjust the
"Delay Control"™ wheel until the restored snpeech sounds best,
The reading then indicated by the couanter labeled "Delay lis."
is twice the circuit delay. The receiving commutators at
each terminal must be set for the circuit delay, Consequent-
1y, as soon as the A operator has finished his o-ninute call-
ing period, the L operutor cells him over the circuit and ad-
vises him of the circuit delay (half of the reading observed
on his delay indicator). Both operators now set their re-
spective receiving comnmutators for the circuit delay and the
system is ready for speech,
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The above~described process is necessary only if
the circuit delay is not kxnown before phasing adjustments
start, If accurate knowledge of the circuit delay is avail-
able beforehand, it 1s s ianly necessary to set the receiving
conmutators at each terminal initially with the proper delay
setting, The two temiinals may then be phased by one opera-
tor talking while the other adjusts the speed of his machine
until restored sneech is received,

"All of the above adjustments are made with the ter
ninagls operating on fixed code,

3¢ Overation of Coding Bquinment

The above procedure lines up the two TDS terminals
for fixed ccde oweration., The next step is to change the
machines from fixed coding to continuous coding, The first
step in accomplishing this 1s to connect each TDS bay to its
"Continuous Coding Bay" shown on photographic Fig, 1, by the
cable indicated on photogrephic Fig, 4, Pre-selected cards
should be inserted ia the "Coae Scrambling Connectors', shown
on photographic Fig. 2. The power lead of each "Contlinuous
Coding Bay" should be connected to a 110-volt, 60-cycle source,
Approximately one minute is required for a time delay switch,
incorporated in the rectifisr, to energize the plates of the
mer cury vapor rectifier tubes, The rectifier voltage should
be checked by onerating the button designated "V" on the
"Control Panel" shown, The meter on this panel indicates the
rectifier voltage. It should be adjusted to 50 volts by the
screwdriver adjuster labeled "RY shown on the same panel, If
the meter does not indicate voltage, a longer time for the
rectifier tubes to heat should be allowed.

When the voltage adjustrient has been completed the
two toggle switches, one on each side of the "Control Switches",
shiould be set on their "ON" positions and the countrol switch
kev labeled "Syn" should be operated to its downward nosition,
The ten selector switches, shown on photographic ¥ig, 2,
snall be set on previously agreed upon positions. These
selectors may be set on such positions by using the "Selector
Switch Buttons" showii on photographic Fig. 3, Operating and
releasing each button will casuse its associated selector
switch to step one position. Repneated omeration of the but-
ton, steps the selector to any desired position, These bub-
tons are nunbered to corres»ond to the number of the selector
switch which they control.,
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After the ten selectors have been positioned, the
control switch key marked "ST", should be thrown to its down-~
ward position, When the "ST" key is thrown, the lamp desig-~
nated "Syn", indiceated on photographic Fig. 3 starts to flash.
Thig 1s the lamn that is used to start the continuous coding
equipment abt each terwinal in proper synchronism, At this
voint, the operators should check with each other over the
previously adjusted TDS equipment to deternine if both are
ready to start the continuous coding equipnent, When ready,
one of the operators, either A or B, should count "1, 2, 3,
4" over the fixed code TDS circuit, in synchronism with the
flaghes of the "Syn" lamp., At the instant the lamp flashes
on the third count, the operator at the receiving terminal
should snap the "Syn"™ switch gquickly upwasrd to its normal
position. At the instant thet the lamp flashes on the fourth
count the- operator at the transmitting terminal should snap
the "Syn" switch quickly up to its normal position, At both
terminals the "ST" key is left in the downward position,

After the "Syn" switeh has been thrown to normal,
the selector switches will begin to step under control of the
cyeling segments on the TDS machine. The coding equipment
generates identical codes at each terminal and can replace the
fixed codes that have been used in the lineup, A and B opera-
torg should now check with each other to be sure that both
coders are operating, With both coders working, the TDS equip-
ment may be switched to continuous coding by throwing the cod-
ing control switches, at each terminal, to their downward posi-
tions, marked "Continuous Coding.' The two TDS machines are
now on continuous codlng and the A and B operators should be
able to carry on a conversation over the system., Speech
qualkity should not differ from that observed when fixed cod-
ing is used,

4, Transmission Adjustments

On photographic Fig. 1, two speech level controls
are shown, These controls are used to regulate speech levels
on the TDS system, The control marked "TR", controls th=z
level of speech sent out oan the line, It should usually be
set to deliver a power of about 1 milliwatt to the line, The
control marked "Rec'", controls the level of the speech in the
handset receiver, This should be adjusted for the listener's
comfort, The system will operate satisfactorily with a line
loss of as much as 30 db, if line noilse pernits,
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5. Summarv of 3tens to be Taken in Lining Up the €-50 TDS

System

(1)

Plug in 110-volt, 60-cycle power cord.,

Turn on oven and allow to heat for at least twelve
hours and preferably twenty four hours before oper-
ating sys ten.

Connect 24-volt d-c power cord to 24-volt supply.
Negative ground,

Turn on power switch on rectifier panel and motor
switch on speed control panel,

. Conneet line-to-line terminals and handset to

jacks "IR™ and "kec",.
Throw coding control switches to "Fixed Coding."

Put selected code cards in "Fixed Code Connector?
boxes,

Turn "Delay Control" wheel until indicator labeled
"Delay lis." reads zero,

The B operator cells continuously for 3 minutes
starting at predetermined time,

The A operator using fine sweed control key pnhases
TDS machine for intelligible speech,

After the b operator finishes his 3¥-minute call-
ing period, the A overator calls for three minutes,

The I operator turns "Delay Control™ wheel in a
counter-clockwise direction until speech from the
A onerator 1s restored ana then adjusts it for
best speech quality. He then notes the reading
of the "Delay lis," indicator.

The B operator divides the reading by two to ob-
tain circuit delay,

The B operator waits until the A operator finishes
calling and then traansmits the circuit delay to
the a4 operator,
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(15) Both operators set receiving comautators for cir-
cuit delay,

(16) 'The system should now satistTactorily transmit g
speech in either direction.

Stevs to be Taken to Put TD3 on Continuous Coding E
t

(1) Connect TDS bay to "Continuous Coding Bay" by ;
" cable supplied for this purnose, g

~
jav]
—

Set all of the "Coding Control™ switches of “Con- -
tinuous Coding Bay" on their normal positions. ?‘

{3) Connect pouer cord of "Continuous Coding Bay" to
-110-volt, 60-cycle supply.

{
{4¢) DPut wee-selected cards in the "Code Scramling {
Connectors, " h
i
1

{5) Check rectifier voltage and adjust to 50 volts
if necessary.

"Control Switches", to "ONW©,

(6) Throw both toggle switches, on each side of ' i
(7) Put "Syn" switch in downward position, ;
{8) Set selectors by means of "Selector Switch Buttons® ;
until the selectors are on previously agreed posi- ]
tions, ;

(9) Throw "ST" key to its downward position.

(10) The A overator counts "1, 2, 3, 4" over the TDS
equipnent opsrating on fixed code, to the B
operator, in time with the flashes of the "SYNY
lamp. ‘

(11) At the count "three" the "BY operator throws the
YSYN® key to normel, in synchronism with the
flash of the "3YW" lamp. The "AY operator holds
over the operation of his "SYN" key until the
count "four" at which time and in synchronism
with the flash of his "SYH" lamp he snaps the
wOYIM key to normal,
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APPENDIX F

C-50 AND A-3 SYSTEMS COIBINWED

O. GENERAL

This apvendix discusses a time-division speech
privacy system in which a rapidly switched A-3 privacy
system, 1s combined with and coatrolled by the C-50 system.
This combined system is also discussed in the final report
of Project C-66, and in Preliminsry Report No., 21 of
Project G-43 "A Coding Arrangement for 0350-A3 Privacy
Systems®.

1, OPERATING PRIICIPLES OF THE A-~3 PRIVACY SYSTEM

The A-3 system operates upon tae principle of
shifting frequency bands. Speech impressed upon the system
is first divided iato five paraliel paths. The speech
waves in four of these parallel paths are first limited in
frequency by 2450 cps low pass filters in each of these
paths and then modulated by one of the followihg frequen-
cies: 3250, 3300, 4350 and 4900 cps. The resulting four
sets of modulation products plus the unmodulated speech
component in the fifth path are then individually impressed
upon one of five siamilar 2450 to 3000 cps band pass filters.
The frequeicy coaponents at tiue outputs of these filters
all lie in the 2450 to 3000 cps range but individually and
respectively they correspond to 530 cps bands of the origin-
al speech as follows:

A - 250 to 800 c¢ps band inverted.
B - 800 to 1350 cps band inverted.
C -1330 to 1900 cps band iuaverted.
~-1900 to 2450 cps band inverted.
-2450 to 3000 cps band not iaverted.

I Rwie

The equipment used to perform the above frequency
conversions may be referred to as the "drop equipment™ of
an A-3 terninal.

TFollowing the drop equipment a duplicate set of

equipment is provided which may be referred to as the
"line equipment™ of an A-3 terminal, This eguipment is
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provided with five sets of input terminals just as the drop

equipment is provided with five sets of output terminals,

Bach of four sets of these terminals 1s successively con-

nected to a 2450 to 3000 cps band pass filter, a modulator .
and a 2450 cps low pass filter, FEKespectively, the modula-
tors are supplied with modulating frequencies of 3250, 3800,
4350 and 4900 cps., The fifth and remaining set of terminals
is connected to a 2450-3000 cps band pass filter and then to
a pad so that the transmission loss through this leg may be
adjusted to approximate that of the other legs, These five
branches are then combined into a single brancn which is
connected to the line, With this arrangement, if a band of
frequencies, which includes the 2450 to 3000 cps ranse, |
were to be impressed upon the first set of terminals, that '
is, the one which cuntains the 3250 cps modulator, it will

be observed that frequencies which lie in the 2450 to 3000 ¥
cps range will be inverted and relocated in the 800 to 250 i
cps range for traasmission over the line, If all of the
input legs to the line equipmeat are designated V to Z,
successively, each leg would convert frequencies which lie
in the 2450 to 3000 cps range to other frequency ranges as
follows:

L

250 to 800 cps band inverted. 1
800 to 1350 cps band inverted.
- 1350 to 1900 cps band inverted.
1900 to 2450 cps band inverted., ’
- 24350 to 3000 cps band non-inverted, i

w
=
i

NS
{

1 It will aow be seen, that if the A set of output |
; terminals of the drop equipment were to be connected, for

| example, -to the Z set of input terminals of the liae equip-
! ment, sneech components originally in the 250 to 800 cps
band would be inverted and shifted to the 2450 to 3000 cps
band for transmission over the line, Ian a similar manner,
for further example, if the C set of output terminals were
to be coanected to the V set of input terminals speech com-
ponents originally lying within the 1350 to 1900 cps band
would be converted to the 250 to 800 c¢ps band without ia-
version for transmission over the line., If all five sets
of drop equipment terminals are individually connected in
some raandom fashion to the five sets of input terminals to |
the line equipment, it is evident that tae system would !
transmit frequencies which occupy a 250 to 3000 cycle baad,

but within this band groups of frequencies which originally

occupied a given one of the five original 550 cycle bands

would be shifted to soime other 550 cps band location. To

illustrate this letters & to &, inclusive, which were used

to designate 550 cps baads of the original speecdh uay be

combined with letters V to Z, inclusive, which were used to

designate 550 cps bands of converted speech, as showa, for

example, below: K
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AZ
BV
cY
DW
EX

Since, as previously indicated, the A and V bands,
the B and W bands, the C and X bands, the D and Y bands and
the ¥ and Z bands, respectively, cover identical frequency
ranges, the designation of £~-3 codes may be simplified by
employing the single set of letters A to E instead of the
two sets, A to B and V to Z, Thus, a new and simplified
designation for the immediately preceding exanple would be:

AR
BA
CD
DB

EC

The above is one example of an A-3 code and indi-
cates that original speech coaponents lying within the 250-
800 cps renge are nmoved to the £450-3000 cps range, those
in the 800 to 1350 cps range are iuverted and moved to the
250 to 800 cps raagzge, those in the 1350 to 1900 cps range
are inverted and moved to the 1900-2450 cps range, etc.

It will be seen, taat in some respects, this is
similar to a traasposition cipher of frequency bands. How-
ever, because of the fact that some of tine bands are in-
verted it is also, in a sease, a substitution ciphsr of
speech frequencies.

If tne A to E, inclusive, output terminals of the
drop equipnent are permuted with the V to Z input terminals
of the line equipment, it is evident that 120 A-3 codes may
be set up. Of these 120 combinations, however, many are not
particularly suitable for use because only two of the
original frequency bands are shifted in location.

In order to provide an increased number of A-3 codes
and thereby to make available a larger number which are suit-
able for use, five inverters have been provided so that each
of the 530 cps frequency bands might be sent out on the line
either inverted or non-inverted., The inverters are modula-
tors supplied with a 54950 cps modulating frequency. If a
2450 to 3000 cps frequency band is Ted into any of these
modulaiors, two sidebands, extending, recpectively, from
7900 to 8450 cps and Trom 3000 to 2450 cps, rcsult, Elec-
trically, these inverters are located between the drop and
line equipment, so tnat any one or all five of the drop

SECRET




e

App. F
Page 4

TR ATNTR
D4 \Vaies A

equipment output legs may, if desired, be connected through
an inverter to the line equipmeat input legs., With this
arrangement, the 2450-3000 cps band pass filters, in the
line equipment legs, suppress the 7900 to 8450 cps upper
sideband and the 5450 cps modulating frequency of the in-
verters. As a result any one of the original 550 cps bands
may not only be moved to any other 550 cps band but each of
them may be inverted or left non-inverted, as described, be-
fore being transmitted. Using primed letters to indicate
inverted bands and non-primed letters to indicate non~in-
verted bands, A-3 codes may now be designated as shown in
the Tollowing example:

HOOW
WearEg

In this case, frequencies originally in the 250 to 800 cps

range would be inverted and shifted to tae 1900 to 2450 cps
range, those originally in tne 800 to 1350 cps range would

be shifted without ilnversion to the 2450 to 3000 cps range,
ete,

By permuting the five output legs of the drop
equipment with the ten input legs (five with inverters and
five with pads) to the line equipment, a total of 3840 A-3
codes may be set up. Many of this number, of course, can-
not be considered suitable for practical use because they
d» not sufficlently interchange or scramble the fregueacy
bands, However, a large nuuber remain which are satis-
factory for use with the C-50 system.

Principles goveraning the operation of the A-3
rrivacy System are more thoroughly discussed in tne final
report of Project C-66, entitled "Frequency-Time Division
Speech Frivacy Systea".

2+ COMBINED C-50 A-3 SYSTEM

2,1 Switching of A-35 Codes

When used in conjunection with the C-50 systea,
it is proposed to make about 50 of tihe better A-3 ccdes
available for use. These would be set up in a conaector
of some type, such as, for example, a set of five, ten
position-five element™ switches of the Yaxley type. Each
position on each switcn would nrovide one 4-3 code. Thus,

W e A M e e P v v e w4 Mg em ew el G e e e e et e e ew a9 v e e

* A ten position-five element switch is a switch equipped
with five poles which can be set upoa any one of tine ten
positions:
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the five switcaes would perait the selection of any five
of fifty available codes for use during any predetermined
period of operation. During such periods of operation,
tne five selected codes would be automatically switcned
among thetselves in a random fashion as determined by and
controlled by the C-50 equipment.

Autouaatic switching of the A-3 codes would be ac-
complished by Tive code changing relays. FEach of these re-
lays would be provided with a set of five make contacts.
One side of the five make coantacts on eacihr individual relay
would be wired to the five movable contacts on one of the
five Yaxley switches. The other side of the five make con-
tacts would be wired to the five output legs of tae 4-3
drop equipment in tae following fashion: Coantact 1 of
relays 1 to 5 would be multipled and conaected to output
leg A, contact 2 of the five relays would be conaected o
output leg 3, contacts 3 to output leg C, contacts 4 to
output leg D aud contacts 5 to output leg . The operation
of any one of the code changing relays would thereby con-
nect into the speech path an A-3 code, as determined (1) by
the setting of its associated Yaxley switeh and (2) by the
manner of wiring tine fixed contacts of thne Yaxley switch to
the input legs of the A-3 line equipment.

In the opsration of the A-3 system, it 1s essen-
tial that only a single A-3 code relay be operated at one
time, Otherwise, frequencies originally falling within a
given band will be converted to two or more bands with the
result that the scrambled speech cannot be restored at tae
receiving end. Turthermore, if gaps in transuitted speech
are to bpe avoided waen A-5 codes are chaliged, it is essen-
tial that the operation of any aA-3 code relay coincide,
within very close limits, with the release of its predeces-

s0r.

The nine sealed switches which insert the coding
pole-pieces in t.ae voice patiis of the C-50 system operate
and release very quickly (in tue order of one millisecond).
Also, 1t will be recalled from otner sections of this re-
port, That only one sealed switch is operated during any
ocne 37.5 millisecond time-unit, Furtaermors, on coatinu-
ously recycled operation, tiese sealed switcnes operate in
a very irregular sequeace, as determined by tae C-00 TD3I
coding equipment. What is proposed is to add another con-
tact to each of the sealed switcaes in tue C-50 equipaent

e d

for the purpose of coatrolliang the A-3 code relays.

Since it is proposed to use only five A-3 code
relays and since tnere are nine sealed switcaes in the C-50
equipment, it is evident that xore than one of tie added
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centacts in the sealed switches would necessarily be multi-
pled to a given A-3 code relay. For exaaple, one possible
wiring arrangement would be to conaect added contacts in
sealed switches "a" and "c" (soimetimes desigaated 1 and 3)
te A-3 code relay 1, added contacts in sealed switches "b"
and "i" (sormetimes designated 2 and 9) to aA-3 code relay 2,
e and "h" (5 and 8) to relay 3, "d" and "g" (4 and 7) to
relay 4, and "f" (&) to relay 5.

A wiring arrangement of the above type would pro-
vide an irregular switching sequence for A-3 codes, as de-
sired, but it 1s open to the serious objection that given
£-3 codes would be associated with certain sealed switcaes
and thereby with corresponding C-50 pole-pieces throughout
any given operating period., This, of course, would be un-
safe because determination of the A-3 codes by an enemny

might provide him with a clue for the solution of the TDS
scrarble.

In order to avoid the above objection, it is pro-
posed to wire the added contacis on the sealed switches to
the A-3 code relays tnrough transfers on the C-50 code re-
lays, which are at present unused. This wiriag would be ar-
ranged in such a manner that no one of the five A-3 code re-
lays would be associated with any particular sealed switch
relay, but would be shifted from sealed switch to sealed
switch, in an irregular Tashion, as determined by the C-50
code relays.

Preliminary Report wo, 21 of Project C-43, dated
July 31, 1943 and entitled "A Coding Arrangement for C-50
A-3 Privacy Systems" discusses the arrangeaneat in detail.
Drawing ILS-824443 attacaed to tnat report shows the proposed
method of connecting C-50 sealed switch contacts to aA-3 code
relays through the spare traansfers on tie C-50 code relays.

2.2 Time Actions

Speech signals are delayed a total of 23 milli-
seconds, closely, by transmitting and receiving A-3 terminals.,
Therefore, with A-3 terminals employed on the line sidesof
C~50 terminals, 1t 1s necessary taat the recelviag commuta-
tors of the TDS macaines be set for a delay equal to circuit
delay plus 23 milliseconds. The inecessity of adjustinz re-
ceiving commutetors in the C~50 TDS machines in order to
conmpensate for over-all transmission delay between traasmit-

ting and receiving terminals is explained in 3Section 2.2 of
Appendix A,

Since it is proposed to operate the A-3 code relays
by means of coatacts in the sealed switcaes of the C-50
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terminals and since these latter are controlled by the com-
mutators of the C-50 machines, it is apparent that a given
A-3 code relay at a receiving terminal normally would oper-
ate later than the corresponding A-3 code relay at the
transmitting terminal by an amount equal to 23 milliseconds
plus the delay of the circuit connecting the two terminals,
Such an arrangement, however, would not satisfactorily tiine
the switching of the A-3 code relays. This is due to the
fact that the total delay of 23 milliseconds, imposed by
the A-3 system upon speech signals, occurs in four nearly
equal comporuents as follows: (1) 5.75 milliseconds in the
drop equipnent at the transmitting terminal, (2) 5.75 milli-
seconds in the line equipment at the transmitting terininal,

(3) 5,75 milliseconds in the line equipment at the receiv-

ing terminal and (4) 5,75 milliseconds in the drcp equipment
of the receiving terminal., Si.uce A-3 codes are switched be-
tween drop and line equipment at each terminal, it is ap-
parent that the delay between A-3 switching points is only
11.5 milliseconds plus the circuit delay instead of 23 mil-
liseconds plus the circuit delay.

This situation might be corrected in two different
ways. dowever, as will be pointed out, one of them is, to
a .congiderable extent, impractical of application to the
present C-50 system.

The first and less practicable method would be to
provide, for the A-3 code relays at tue transmitting terminal,
a delay network which would retard their operation and release
by 5.75 millisecoads behind the opveration of their controlling
sealed switches, If this were doae, the arrival of each TDS
speech-unit, at the A-3 switching poiat of the transmitiing
terminal, would coincide, very closely, with A-3 code switch-
ing and each speech vnit would be involveld ia only one of the
five possible A-3 codes. From the A-3 switching point of the
transmitting terminal to the A-3 switching poiat of the re-
ceiving terminal each TDS speech-unit, as modified by an A-3
code, would he delayed by an additional amouat equal to
11.5 milliseconds plus the circuit delay. The total delay
experienced by each speech-~unit, from the instant of reproduc-
tion from the magaetic tape of the transmitting TDS machine
to the instant of arrival at tne switching point in the re-
ceiving A-3 terminal would be 17.25 milliseconds plus the
circuilt delay., Since the receiving commutactor, of the TDS
machine at the receiviag Serminal, controls the A-5 code re-~
lays through its associaied sealed switches, it is evident,
if the speech-units are to be restored to their original
form, that the receiving comautator must be set for a delay
of 17.25 miliisecouds plus circuit delay so that the proper
A-3 code relay is overated just as a given speech--eleaent
reaches the switcniag point. However, in restoring the
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speech~element to its original form, it is delayed another
5.75 milliseconds in passing through the drop equipment of
the receiving A-3 terminal. The speech-elemeats, therefore,
would arrive at the sealed switches of the TDS machine

5,75 milliseconds after these switches had operated ani the
DS scramble would not be properly restored. To overcome
this difficulty it would be necessary to provide each
sealed switch which connects TDS pole-piedes t0 the A-3
system with a delay network which would retard their opera-
tion and release by 5,75 milliseconds behind the cperation
of the commutator. These sealed switches, therefore, could
not be used also to operate A-5 code relays. It, therefore,
would be necessary to provide an additional set of sealed
switches in order that the A-3 codes could be switched at
the proper tine,

The second and feasible method for properly timing
the switening of the A-3 system is to provide at the trans-
mitting terminal delay networks which will retard the opera-
tion and the release of each of the A-3 code relays, behind
the operation of their controlling sealed switch contacts,
by 11.5 milliseconds aore than they would normally be re-
tarded without delay networks. At the receiving terminal
no delay networks would be provided between the A-3 relays
and their controlling sealed switches so that they would be
retarded behind the operation of their controlling sealed
switch contacts only by an amount equal to their normal
operate and release tine,

If "d" is now used to represent circult delay in
milliseconds and "n" is used to represent the normal operate
and release time of a sealed switch in tandem with an A-3
code relay in milliseconds, it is known, from previous ex-
planation, that the receiving commutator of the receiving
TDS machine rnust necessarily be set 23 + d milliseconds be-
hind the transmitting commutator.,. The A-3 code relays at
the transmitting end will operate and release 11.5 + n
milliseconds after these operations are called for by the
transmitting commutator and the A-3 code relays at the re-
ceiving end will operate and release n milliseconds after
these operations are called for by the receiviag commutator,
or 2% + 4 + n nilliseconds after the corresponding operatioas
are called for at the traasmitting end. It is thus evident
that the A-3 code relays at the receiviang end will operate
anéd release (2% + & + n) - (11.5 + n) or 11.5 + d millisecoands
after the corresponding a-3 code relays at the transmitting
end operate and release. This is, of course, exactly equal
to the number of wmillisecoads required for a voice signal

to be transmitted from the switecning point of the traasmitting

A~3 terminal to the switcining poiuat of the receiviag A-3
terminal., The A-3 codes will thus be properly switcned with
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respect to eash otner and, siace tiae time required for a
volce signal to be traasaitted from transaitting TDS mach-
ine to receiviag TDS machine is 23 + d millisecoads, the
IDS speech elements will likewise be properly switched.

With this arrangement, the A-3 codes (unless n
is excessively large and is exactly equal to 23 milli-
seconds) are very apt to overlap TDS speech elements., Thls,
however, appears to be an advantage because it makes "crack-
ing" of the combined C-50 A-3 "scramble", by manipulation
of spectrograns, apvreciably more difficult then if the
A-3 codes were to be switched so that they would precisely
coincide with TDS speech elements.

In order to make tane above arrangsment satis-
factory for two way operation of a terminal, the delay net-
works,; between the A-3 code relays and their controlling
contacts on the sealed switches, would be switched into
circuit with the terminal in the treansmitiing condition
and out of circuit with the terminal in the receiviag
condition. This would be accomplished by spare transfer
contacts on tlhie push-to-talk relays of tne C-50 system.

The weigat of an a-3 systeum, suitable for use with
the C-50 system, is estimated at about 1400 pounds., The
total weignt of a combined C-50 A~-3 system, togetner with
rectifiers to permit operation from a 115 volt-o0 cycle
power source mounted on sulitable shock resisting mountings
for truck transportation is estimated at 2500 pounds. The
total power requirenment for toe combined system is estimated
at loé kva.
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PROJECT DRAWINGS

.PROJECT DRAWINGS FURNISHED WITH FINAL REPORT

Drawing No, Title

ES0-803510
ESR~803525
ES0-803533
ESR-803540
ESX-~805541
ESR-805542
ESR-8035546
ES-803576

ES-803577

ES-805578

ES-803579

ES~805580

ES-8006581

ES-80358%
ES-803583
E8-80%588
ES-805589

ES-~-805590

Main Drive Reduction Gears

t

~ Pole Piece Mounting Plate Assembly
-~ Rotor Assemblies

- Quill Assembly

- ;Reoeiving Commutator Assembly

- Trensmitting Commutator Assembly

-~ TDS Machine Assembly

- TDS With Recycled Codes

- TDS Coding Connections

- TDS Codes - Diagram Showing Method of Cenerat-

ing 10-Unit Self Contained Codes

- TDS Codes - Exclusion Diagram Showing How
Unusable Codes can be Avoided

~ DS Codes ~ Time Diagram Showing how Interlaced

Codes are Generated

- TDS Machines - Effect of Line Delay on Commutator

Settings

-~ TDS Machines ~ Time Diagram

- DS Machine - Schematic of Commutator and Drive

- (C-50 TDS Equipment -~ Over-all Schematic

~ (C-50 TDS Equipment - 20 Kc¢ Bias and Erase
Oscilleator Schematic

- C-50 TDS Equipment - Bias and Voice Frequency
Switching Circuit Schematic
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Drawing No,

ES~-803591

ES-803592
ES-803593
ES~-803595
ES-804300

ES-804305
ES-804317

ES-804365

ES-804366
ES-804367

ES-804568

ES-804369
ES-824508

C-50 TDS
Gap and

C-50 TDS

.C-50 TDS

C~50 TDS

C-50 TDS
PEC 200
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Title

Equipment -~ Sealed Switch Coil Circuit -
Overlap Adjustment

Equipment - Transmitting Amplifier
Equipment - Receiving Amplifier
Equipment - Bay Layout

Dgquipment - Wiring Schematic for Modified
Plate and Filament Supply

Connections to Terminal Strips - Machine Panel

Motor Control Circuit -~ Crystal Oscillator

C-50 TDS

Equipment - Coding Control Panel

Wiring Diagram

C-50 TDS

C-50 TDS
Circuit

C-50 TDS
Panel -

C-~-50 TDS
C-50 TDS

Tquipment - Detailed Over-all Schematic

Bguipment -~ Switching Circuit Panel -
Schematic

Equipment - Voice Frequency Amplifier
Circuit Schematic

Fquipment -~ Panel Interwiring Schematic

Equipment -~ Over-all Frequency Charac-

teristic of Two Terminals
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II. COMPLETE LIST OF PROJECT DRAWINCS

(Including those furnished with Final Report)

&, Drawings of Codine Equipment i

{
Drawing No. Title '

ES-801035 - TDS System - Continuous Coding (Wirine Diagram)
7 Sheets.

ES-801049 «~ TFramework Assembly
ES-801050 - Casing Assembly - 3 Sheets |

ES~801051 -~ Continuous Coding TDS Equipment

ES-801062 -~  Card Control Switch (llounting Plate Assembly) !
ES-801063 - Control Panel and Equipment Assembly i
ES-801075 - Details i
ES-801093 -~ TDS System - Continuous Coding (Schematic)

4 Sheets.

b, Drawings of TDS Machine

Drawing No, Main Title Piece Part Title 2
| ESR-803507 Helical Cear Bearing Plate -~ %
ESR-~-803508 Dummy Bearing Plate - ?'
ESR~803509 Gear Housing - |
ES0-803510 Main Drive Reduction Gears -
~1 - Helical Cear
-2 - Helical Pinion
-3 - Gear Date
ESR-803511 Pinion Quill | -
f ES0-803512 . Details - E

Main Gear Bearing
Pre-Load Spring
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Drawing No.

ES0-803512~2

ITI - Continued

Main Title

-
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Piece Part Title

Pinion Bearing Pre-Load

Spring
-3 - Slinger
-4 - Gasket
-5 - Drum Hub
~6 - Pole Piece Pin Spring
ES0-803513 Tape Drum Details -
-1 - Tape Drum
-2 - Ring
) - Tape Drum Assembly
ES0-803514 Details -
-1 - Coil Form
-2 - Coil Assembly
-3 - Pole Piece Assembly
-4 - Pole Piece
-5 - Pole Piece
-6 - Wire Terminal
ES0-803515 Details -
-1 - Pin Retainer
-2 - Bearing ‘asher
-3 - Spring
-4 - Pin
-5 - Guide Sleeve
-6 - Pole Pin Assembly
ES0-803516 Details -
-1,2,3,4 - Pinion Spring Ring
Nut Tool
-5,6,7 B Bearing Retainer Wrench
- - Bearing Retainer
-9 - Pinion Spring Ring Nut
-10 - Quill and Eccentric
ILock Washer
-11,12,13 - Quill Shim
ESR-803517 Pole Piece Housing -
ISR-803518 Pole Piece Mounting Plate -
E3S0-8035519 Details -
-1 - Bushing
-2 - Bushing
) - Sleeve
-4,5 - Coupling Assembly
-6 - Motor Fastener
-7 - 0il Cup

SECRET
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II - Continued %
ol
Drawing No. Main Title Piece Part Title ?
ES0-803520 CB. Details - i
-1 - Upper Block [
-2 - Spacer ,
ES0-803521 C.B. Details - |
-1 - Cover Assembly ;
-2 - Block Assenbly %
ES0-803522 Details B i
-1 - Mount ing Block
-2 - Wiring Cover Plate !
-3 - Not Assigned ’
E30-803523 Details - i
-1 - Bushing
-2 - Bushing
-3 - Auill Ring Nut i
~4,5,6 - Quill Ring Nut Wrench y
- - auill Housing Plug !
-8 - Pinion Coupling Tool i
i ES0-8035524 Details - {
! -1 - Type "A" Eccentric |
{ Sleeve :
f -2, - Type "B" Eccentric |
: Sleeve ;
i -3 - Commuteator Worm Gear
! ESR-805525 Pole Piece Mounting Plate - i
f Assembly :
ES0-803526 Mesh Adjusting Zccentric -
Tools
-1 - Tool Handle
-2,3 - Type "A"™ TEccentric
Sleeve Adjusting Tool
-4,5,6 - Type "B" Eccentric
Sleeve Adjusting Tool
ES0-803527 Commutator Details - |
-1 - Commutator Hub f
‘ -2 - Commutator Needle ;
f Bearing Ring
-3 - Commutator Ring Material
-4,5 - Commutetor Ring
6,7 - Commutator Ring
-8 - Mold Ring




Drawing Nos

ES0-805528
-1,2

’

ES0-803529
-1
-2
-3

ES0-803530
~1
-2

ESK-803531
ESX~803532

ES0-803533
-1,2

s

-4

ES0-803534
-1
-2,53
-4
-5

BS0-803535
-1
-2
~3
-4
-5

Pa)
~0

ES0-803556
=31
-2
-3
~4
~5,6
~17

TII - Continued

Main Title

Commutator Moldings

Commutetor Mold Plates

-—
-~

-

Commutators

-
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Piece Part Title

-~

Commutator Molding
Commutator koldineg

Bottom Mold Plate
Top Mold Plate
Not Assigned

-~

Receiving Commutator
Transmitting Commutator

Recelving Commutator Housing -

Transnitting Commutator -

Housing

Assemblies

-~

Details

Detalls

[ |

Details

H

i

1

Contact Spring Assembly
Receiving Rotor Assembly
Transmitting Rotor
Assembly

Bearing Plate

Release Tool Assembly
Release Tool Pin
Worm Gear Bushilng

Slinger Retainer

Worm Cear Alignment Tool
Housing Cover

Cover Clip

Housing Cover Assembly
Roll Retauiner

Inside Clamp Disc
Outside Clamp Disc
Clamp Disc Nut
Clamp Disc Key
Rotors

¥orm Bushing

SECRET
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II - Continued :
¢,E
Drawing No. Main Title Piece Part Title
ES0-803537 Details ' - '{
-1 - Insulator |
-2 - Rotor Screw Plate
~3 - Bushing %
~4 - Contact Shoe i
~5 - ‘ Quill Locking Pin 3
-6 ~ worm Gear Steop Pin g
ES0-8035358 Details -
=) - Main Shaft ?
-2 - Commutator Cover Detail
-3 - Comumutator Cover Assembly 1
ES0-803539 Details -
-1 - Tension Spring
-2 - Cover Clip
~3 - Cover Ring |
-4 - Jasher
-5 - Spacer i
~6 - shaft -f
;
i ESR-805540 Quill Assembly - |
; BSX-805541 Receiving Commutator -~ !
l Lssembly
| ESR-803542 Transmitting Commutator - !
Assembly ¢
* ES0-803543 Gear Casing - ,
-1 - Back Plate
-2 - Front Plate
-3 - Dowel Pin
-4 - Cam Follower
ES0~803544 Details - '
-1 - Countershaft Bushing
-2 - Countersheft Bushing ;
-3 - Shaft Bushing g
! ~4 - Cam :
. -5 - Cam Assembly ,
, ) - Shaft
-7 - Shaft Assembly
-8 - Countershaft i
-9 - :

Countershaft Assembly

- SECRET




Drawing No.,

ES0~803545
-1
-2

o

-3
ESR-805546
ES0-804304

ES0-804305

ES0-804311
-1

€

~

-3
-4
-5
-6
-7

-8
ESR-824312
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II - Continued
Main Title Piece Part Title
Gear Casing Assembly -
- Contact Spring Pileup
- Presswood Insulator
- Assembly
TD3 Machine Assembly -

lounting Plate

Connections to Terminal -
Strips (Machine Panel)

Details -
Cable Coupling
Cable Coupling
Cable Coupling
Cable Assembly
Cable Assembly
Handle

Wheel

Hand Wheel Assembly

2 T I R S S S

TDS Machine Mount ing -
Panel Assembly

c. Drawings Illustrating Principles of Operation

Drawing No.

ES-803576 -~

ES-803577

i

ES-803578

4

!

ES-803579

Title
TDS with Recycled Codes
TDS Coding Connections

TDS Codes - Diagram Showing Method of Generating
10-Unit Self Contained Codes

TDS Codes - DZclusion Diagram Showing how Unusable
Codes can be Avoided

SECRET




Drawing No,

ES-803580

ES-80358L

ES-803532

E3-803583
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IT ~ Continued
Title

TDS Codes -~ Time Diagram Showing How Interlaced
Codes are Cenerated

TDS Machine -~ Effect of Line Delay on Commutator
Settings

TDS Machines - Time Diagram

TDS Machine - Schematic of Commutator and Drive

d. Drawines of Voice Transmission and Associated Circuits

Drawing No.

ES-803588

1S-805589

BES-803590

ES-803591

ES~-805592

ES-805593

ES-800594

ES-804500

ES-8043565

ES-304060

ES-804367

Title
C-50 TDS Equipment - Cver-sll Schematic

C-50 TDS Equipment ~ 20 Kc Biss and Zrase Oscil-
lator

C-50 TDS Dguinment - Biag and Voice Frequency
Switching Circuit Schematic

C-50 TDS Equipment - <ealed Switch Coil Circuit -
Gap and Cverlap Adjustment

C-50 TDS Equinment - Transmitting Anplifier
C-50 TDS Equipment -~ Receiving Amplifier

C-30 TDS Equipment - Low Pass Filter Associated
with Receiving Amplifier (This Filter not used

in present circuit).

C-50 TDS Equipment - VWiring Schematic for PEC 200
Plate and Filament Supply

C-50 TDS Bquipment -~ Coding Control Panel -
Wiring Diagram

C~50 TDS Equipment - Detailed Over-all Schematic

C-50 TDS Equipment - Switehing Circulit Panel -
Circuit Schenstic

|
:
|
i
[
|
|
i
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Drawing No. Title

ES-804368 -~ C-50 TDS Equipment - Voice Freguency Amplifier
Panel - Circuit Schematic

ES-804369 -~ C(C-50 TDS Equipment - Panel Interwiring Schematic
ES-824308 - C~-50 TDS Equipment - Over-all Frequency Charac-

teristic of Two Terminals

e. Drawings of Speed Control Apparatus

Drawing No, Title

ES-803599 -~ Motor Control Circuit - Crystal Oscillator.
(Superseded by ES-804317)

BES-804317 -~ lotor Control Circuit - Crystal Oscillator

f. Drawings of TDS Bay

Drawing No, Title
ES-805595 - C-50 TDS Equipment - Bay Layout

IIT. LIST OF LABORATORY NOTEBOOKS COVERING C-50 PROJECT

Notebook No. T-5184
T-533&
T-5521
T-5523
T-5537
T-7859
T-9097
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ITEM 7 SHALL NOT ED IN MOUNTING
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