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pplication «“Qctober=2 3_; 11948, Serial> Nov 507,424

. r '*L:%’v' *') 7, ClaimS', H \( Cl"wl;gs—" 0 )
1 . o2 :
% sendingsandsreceiving distributors, vquite  often
resulting:insprinting-errors. -
‘In the:present:invention,%he difference-between
the phaseposition-of the-sent .gignal-and:that of
..sthe received signal-can Je:reduced: to:almost any

,_ 3 practicalwalue:adesired; andea - Jimitiof=10% may
,fvide:morergepeqdable;means:—fors repeating equal : be easilycachieved:in practicabapplications of the
n_it:.—-.code)telegr_a,pmsi-gna;ls;in—a.regenera:t@d form;: :

’"'aThis:inventiomfelatés.xtaiegener@tixﬁte}egraph:,
repeaters:andirelatesiin particular selectronics
. means. for;sand electronic methods:o repeating:
.::v;:and:znegenerating?;gqualﬁ,unit-:code:.tel.egraph gig- =
= nals. P ‘ N o

.. Ameng. the:ohjectsief the invention are; to pro=s

code: resent invention. )

LB a provide; an..improved:method sof-synchronismisiiag ¥ In:stheiprien art mechanical:devices, sparticu~
between the sending distributor:an theireceiving 10 larly those employing rotating distributors, when
distributor:employed;;and requally: -';use,dfin'zsba,rx;-s‘nop;systems,u.it--has:.beenxfound ex-

ributor -is:eperatedbecause. .of :theiseveral iner-
ias encountered in the: operation of the:system.
ed:in. Yo e the:present.;sinvention;.;.since ‘ne.means nor
ut-the-use of any: methgds:.a,reg,employed-whiqhg;possessz-;any prac-
and-ito--achieve the.s «tieal-inertia, the sending and:receiving:distribu- ‘
-and circuits. ; tors inay operate atzthessame speed; ifs and when
is-0fs and.apparatus-forii20. desired::;:In;the embodiment:set forth inthe de-
ph:signals, & - seription-bereundet;; and; for;simplicity:in teach-
l.distributors:. a5l gsmesi\mdamgmala:spi.rit.:gfaathe inyention, the
engipeexing; refinements;:and the practical ex-
pediengies :have beem avoided rand itherembodi-

£ the-invention in:the description: will be
directional repeater; hut it will
.artzto which
thi

functions ~and: Opera
y.some of-themec

In the, present;
= of;rec iving: the
& regenera

completely:by-el

-way.repeater system of
ell, known.in-the art.
‘hereof, the

distributer.systems,as well, start-sl .
stems; bub-inth 1hodiment.disclosed

i i1, be limited;;to start-

\ lled: in,the;art: will be
ble: to -apply.-the teachings givenifo tart-stop
(distributo telegraph;systems. to, teleg aph sys-
distribu-

» chanical, devices.. - : :
While this systenx is.described.as, and.disclosed-
. adelegraph repeater,it. i1l.pe. obvious-to those
killed. in:the.art.fhat this . ivention. i
‘ 3ited tQ\»-r,epzat.en:—circuitsfcaz;ld‘, ay.: be 1elest
e+ gegusly-used; as,a receiving. circuit:, temsemploying .continuously: operating:
- desired. T < 140 tors.
In the.mechanical deyices . e -pti . Other, and further.objects and features, will be
.. -great difficulty is engountered: : ' pointed out.and. will; be,obvious in:the-reading
,mgn,degxgee;.,LQ:;pexm@nepp;.,r,el_a . description hereunder, particularly when
_.speed.of operation at.the.sendin onnection.with drawings in which
. speed.of. operation at the receiving circuib. -~ a-r+ % Fig.:.1.is.a.diagrammatic ibodiment:.of - one
. In,the present.invention,  means: is;;provideds ...form of the.invention, and Fig. 2is.a.serles of
whereby.the speed. of sthe :operation imghe sends., ¢ graphs.representing signals, useful.in understand-
ing. circuit, and.the speed of. the operation in the;
receiving_eircuit. may.be. maintained at.any rate

Referring to Fig. 1, k is:8-.constant: frequency

 ing the operation.of the inyention.

P desired, having a fixed permanent value with an 50, source which .may,.be .any. suitable, source but
accuracy.up to one patt in.one million if desiredss —--SDEC cally may.be.a compensated 1ing fork

_;amplifiersuch.as ommonly;usedfortime meas-

urements.and, which: is..common} 1d.
arkety with.a-guaranteed-accuracy of.ene part
-3 hundred-thousand and which:may:on special

" In.the prior art.systems.employing,
devices. as means .for Jdocal, circult, Qiskrl
considerable . difficulty :-is..gxperienced ..in. mailr.

. i.» -.taining the.proper phase. relation; between: the :52




L ‘multi-vibrator::

e “tubes, 3 'and 4; and

tween cathode 1 and ground-lead

order be furnished with an accuracy up to one
part in one million, for frequencies within ‘the
" lower audio range. The frequency of source |
will be set at, for the present embodiment, g fre-
quency of 472.5 cycles per second. The useful-
hess of this value in the present embodiment will
be hereinafter pointed out.

The circuit enclosed within the dotted ‘area 2
represents a multi-vibrator circuit well known in
the art, -and: the ficonstant,.’frequency source |
Injects a synchronizing voltage
vibrator circuit, which, as is well known iin the
art, will, under proper conditions, fix the ‘fre-

. quency of the multi-vibrator circuit at'a definite
15

sub-multiple of the frequency. of source f,

2,406,096

. this ]lag in phase

the fundamental frequency of multi-vibrator 2,
Dosition in getting started can-

not exceed 10% of the half-period value, as will

. be understood by those skilled in the art.

10

into the multi-

Multi-vibrator 2 is constructed to operate at'a”

sub-multiple frequency of the frequency of source -, -

I, represented by the 21st
which means an, operating
vibrator 2; of 22.5 cycleg ber second for the fundg-
mental frequency represented

sub-multiple thereof )

B

20

by a dot and g ;-

' ‘Space. This means: that the constant frequency

“Source operates at the 21st harmonic of the fun-
:damental : :frequency of the
- “which -means that there are 10.5 constang-fre-

--quency-source cyeles -for each half-cycle of the

multi-vibrator 2, -

The means of, and method for, closing cathode
T onto lead 9 by the employment of gaseous triode
8 will be hereinafter pointed out. :

It is well known in the art that the ability of
multi-vibrator circuits: to maintain an invariable
brocedure in operation depends upon all parame-
ters of the multi-vibrator circuit being main-
tained. constant, including the circuits loading -
the said multi-vibrator,

" In the present invention, it is desirable to not

only maintain an unvarying performance in the
multi-vibrator circuit, but its wave-form: is de-

-sirably. maintained under varying conditions of
; . ... employment.
frequency’ for-multi=-~ -

This may be accomplished in one
'of several ways, one of which is illustrated dia-
grammatically in ‘the dotted area | 3, which forms
a highly practical arrangement,.. - Two. tubes, 14
and. 15, have the control grids thereof connected

- respectively to the plates of .tubes 3 and 4, and

o the plates of tubes

The usefulness of this 10.5 cyele -

o constant frequency source ratio to one-half:cycle - :

~-of the multi-vibrator 2 will be hereina.ft;er pointed *

-out., R : B
-~ The multi-vibrator- circuit is provided with two

[ circuit only necessarily in respect to the cathode
- 8rid eircuit of tube 4, which is ‘provided with g

~-resistor 6 connected-to the cathode 7 and to the -

“plate of the gaseous triode 8, having its cathode

- lZ’conneécted - to ground-lead -9.. The ohmic value
7-of resistor § is too

: high to permit the circuit en-
**‘closed within the area 2, to function as a multi-
"¢ vibrator, when the plate current of tube 4 is
- limited by said resistor, and said resistor has sub-

stantially the same effect as an-open circuit be-
- ¢ 9, but said re-

" sistor is'low enough to prevent the potential. dif-
"-.ference between said cathode and said ground-

" lead, from drifting to different and indefinite
- values, when multi-vibrator -2, is not oscillating,

- - When gaseous triode 8 ig in & non-conducting
state, the cathode T-is substantially - in effect

- disconnected from " the: ground-lead- -9, - under

* which conditions only the resistor 6 is interposed

resistor being sufficiently high to produce in effect

- cut-off of the plate current in tube 4, so that 55
is conducting no -

under these -conditions tube 4 is
- current ‘and tube -3 is ‘conducting- the normsa]

P A'a',m'ount of current for the plate voltage employed

- ~under normal multi-vibrator operation.
- If source { is under

] broper operation and cath-
“ode7 is connected to

ground-lead 9; the muiti-

.- vibrator 2 will star into operation instantly, pro-'

‘ducing a‘ fundamental frequency between leads
Iand 12 or 22.5 cycles per second with a fun-

. “damental frequency aceuracy determined by the
“--“accuracy ‘of ‘the source | and with a phase lag
closing” of cathode T onto
um not to exceed 10% of the-
““half-period of the frequency of the multi-vibrator-

~~behind the instant -of
lead.9 of & maximum

2, since the multi-vibrator 2 will lock in with

30

: this: multi-vibrator circuit -
- -differs from the common  form of multi-vibrator

35

40

' ti-vibrator operation

‘14:and 15.are ‘connected to-
gether and thence connected to the load center
16 of the multi-vibrator circuit 2. This arrange-
ment provides sufficient grid plate bias volfage

‘from multi-vibrator circuit 2 to cut off plate cur-

rent in tubes (4 and
vibrator operation, )
Those skilled in ‘the art

15°'in the presence of multi-

appreciate that in mul-
the voltage is developed
first between leads (i and point 16, with substan-
tially ‘no voltage between point {6 and lead 2,
for one half-period of operation of multi-vibra,-
tor 2, and the conditions are reversed for the

* other half-period of operation; that is; voltages

develop between lead 12-and point- 16 with sub-
stantially no voltage between lead i1 and point 16.
- ‘Under this condition of operation; tubes 14 and
I8, under: the potential of plate battery 171, and
a properly- closed circuit, produce in the 10ad 18
an accurate replica of the voltage wave-form pro-
duced by multi-vibrator 2 and without distortion.
--Since the operation of tubes 14 and .15 js such
that no appreciable 1oad ig taken from multi-

- :vibrator 2, under any condition of operation of

~ the  shape of the voltage
- circuit 2
cuits 14" and
currents of said tubes will assume so-called square

- betweéen cathode T and ground-lead 9, and said-"

69
_ tive outline, as the case may ‘be.:

‘ent or not in said tubes,

these tubes, that is, whether plate current is pres-
the shape of the grid
said tubes, will follow
in the multi-vibrator
always; and if ‘and when the tube.cir-
I8 are properly closed, the plate

control voltage of these

wave-forms. ‘Tubes (4 and 15, being a push-pul]

cireuit, or in effect the reverse of this which may
" be referred to as a pull-push circuit, the wave-

form in Ioad resistor 18 is, of course, a rectifica-
tion of the wave-form in multi-vibrator 2 and,
therefore, always has & positive or always a nega-

- With multi-vibrator 2 in operation, the form of

- the voltage across load resistor {8, which repre-

.. of tubes 14 and’ ]
‘period of operation of the multi-vibrator ‘circiit,

the first lobe of the frequency source having the -
broper polarity for synchronization and this can- "

not be more than the

time represented by one "

“-cycle 'of the frequency s‘ourcevl.‘ ; Since there are -

- --10.5 cycles of source | for a'single” half-period of -

%

sents the form of ‘voltage across the output cir- - -

cuit of the repeater and so designated in Fig, 1,

" will follow the rectified outline of the lobes of

multi-vibrator. 2 only when:-the cathode circuits
15 are ‘closed for an entire half-

-The circuit ‘encloged in dotted area 19 repre-
sents one means of closing the circuits of tubes

14 and 15 referred to above, and this means com-
", Prises gaseous triodes 20 and 21

50 connected into
the cathode circuits of tubes 14 and 15, as to
close these-said cathode -circuits when the said



n b
ves UDES. 20 an¢,21.~arg;.;caused,,to Aassume,an elec- o Iti-vibrato
t'ricaflly,_éonduc;t‘,irig state. ~ - et e ‘description

embodimeni, the input circuit 50
,is assumed to0. 5 a.closed cir=

ssarily
netrical

~.In the present;
designated in Fi
cuit”system, ha

vide the proper.bias-for & of tubes.20 and
21,-to..prevent.said: tubes; .becoming elec-
trically conductive under thie cathode plate-poten-

tials,applied to-them, when the.input line.current .

& the. correct, polarity to pro-

at. olie.of its.)
"o multiplicity of the lobes of.:
the. actual .length..of. which. depan

of ulti-vibrater .22..that are

Under, Of ,
tage .applied to it.only
of..the . mulbi-vibration, operatio
“*is drawing plate current. At the.sam
AB..is, biased; beyond, cut~off and tu
athede plate,voltage,applied to-it...;Thi
tatus.for. one half-period. of: the multi-vibrator ..

2, and.forthe. other half-period the conditions;

in .parajlel, and ‘to. fhe..
cathode-grourid, Jeads, of multi-vibra
‘e connected together.. MMﬂli‘,i-;Vibré.ﬁ
may, be fed .from a common pla ‘
i PR
A resistor 30. may. be, exployed.if .and when
esired, to further limit.the circulating. current
“between batteries 11.and, 28, over.an
ibrator “provided by resistor 18. .~ e

quring one half;
heri;tube 1
S b

time, tub

“are.reversed, when. tube: 2I..has, voltas
‘to it.fol;.one half-period of. sthe..myl

_circuit. dquring which.time tube: 20.has-no cathode. The, function. of .gaseous- triode.
Pplate .potential.applied to it. n 6 multi-vibratos int

. Under .these .conditions-of operation, when th
input-line, voltage. is reduced to.:2 value which
permits. tubes,. 20.:and. 21L:.to, become electrically
'* conducting under, the .operatin

.+ ment, W
. potentials, only one.of thetwo gaseous triodes 20 .- o.be, that: of. . start-stop
_and. 21 will. become, electrically condueting and metcial designs.commo

_.that. particular: one is the.one which. has. the.i30 and, employing & so-callec
plate potential applied. to. it under.the multi-. “ Tt is pointed, out here, how)
"A.:x{ibm?br:-operat}ion-,ﬂal}ready,_,discus,sed- Assuming vention: is. not.limited, to ‘startzs
_this, to be; tube;20, tube.20 closes.the athode cir-... . AY be. used, in.. systems_employin
~distributors,. Which has been hereabo

printer of. one: of the
nly found 1n ‘practice

o ¥

er,. thaf, the in-

ircuits but

* éuit; of ;tube 14 and holds-it closed. as:long as..
.\.,thex:e;‘i,s,-plate potentiald rqduceq_by:t‘pbe;u which;.35 ouf.:
. means’that tube 20;is closed for & complete halfi...... Referring to Fig. 2, the_curyve.along. abscissa A
eycle .of multi-vibrator 2.and: its gaseous, conduc-.. represents; the 1 gnals, for the letter D sent
tion is extinguished by the disappearance of plate: ., out.from.a start-stop, printer of the kind referred
voltage on tube 20 atd e.end of .the; half-period “to." The duration,of one complete operation is
of multi-vibrator.2, . Under -these. conditions of 40, represented.by.the .distance. frori.a to- k. The
. - operation, the cutput circuit.has produced in ita.. curve along abscissa B represents the appearance
teplica ;of a :half cycle, rectified or: otherwise, of .. Of is signal.after some. distortion has been en-
multi-vibrator 2. ' countéied along, the line ‘and i the circuits and
. .. If, at the end of the said half-cycle and at the - it is ‘désired. to repeat and. regenerate. curve B
" beginning of.the.second half-cycle, the line input- 43 back info, the form A, ag is: well understood by
. o VOltBAgE r_-eix;iainsvab@-,redtlgedﬂal,_;ie,.jube 2{ ben.;s -fhOSE skilledin‘theart. .
. eomes electrically conducting and:a replica of the- .., . ‘Referrinig o, Fig. 1,.ib.will-be necessary. to set
. wave-form,-of ~the ,.sec_opd«‘_,half-eyclef»/of. multi- the status of the circuit when the. input. voltage
yibrator 2 is produced:inthe ‘qubput circuit, recti- B_is received to. be.repeated and..regenerated.
. fied-or. otherwise. . Thi; processds-repeated at the .50 .;Multi,,-.yibrators‘,2f’a,nd', 24 having the-cafhode cir-
~beginning..of “each.;half-period 1 " cuits, of tubes 4 .and 25 open,-allow the
_vibrator -2, -only; if,-and ;when :the 1npUL:: ~ " of. cufrent, through tubes 3, .and, 26,.aS.a. steady
“is sufficiently:-reduced. at::that instant to cause.. .state “gondition.. The plate:current ,
. . ..such operation. » : """ “Lnder these,initial conditions, has no. specific
.- Similarly; gaseous-triode 8. has: its .grid: biased.-65 function, but its useful funiciion ynder. operation
by ,the inpu’s;}vqltage,--thrpugh.flea;i§:;,zz-<;.and 23,. .. willbe pointed.outlateron.” -~ T
sufficiently to-prevent gaseous.conduction through.- .. Before any npuf signal: is received, the input

-tube. 8 under normal steady-state input line cur- ~ liné voltage is atits-normal value, and tubes 8
rent conditions. o .. .. and 20 are in a non-conducting electrical state.
. ... In an operation similar to that-of tupes 20 and 6o0. Tube, 3 of multi-vibrator 2 has full plate current

24, tube.-8, assumes .a state:-of electrical conz.- - flowing- which biases out -tube-14. - Tube {5 is
ductivity: by: reduction-of input. line.voltage, and- - passing plate: current_because*tube- 21 -was left
the.gaseous: conduction- cnce, instituted: in: tube-8 — - in an-electrical-conducting :state -from~the pre-
continue's:as‘;long as.the: plate veltage, thereof g +-‘vious operation.--The: output- voltage has-a con-
above the ionization value for the:tube employed. 65 tinuous form due t0- plate-current-through tube
o < Within:the. dotted area 24 there is-contained-a . vi18,-thus repeating from: the inputicircuit to the
fren . multi-vibrator circuit which. produces. an- unsym-- .output cireuit the steady: state condition,
P .metrical wave-form.- Those: skilled in-the art of.! ~Referring to. Fig: 2; curve:B,.as.time advances
B .making and using multi-vibraters appreciate that from: zero tothe instant g;: the grid:bias:of tube
.1+ =.the.length of the.duration: ‘the- positive and 7¢: 818 reduced sufficiently to-effectively. connect the
et o nEZRYIVE lobes: of - the- mulbi-vibrator... output .. cathodes of tubes-4 and ;  to the,ground-lead 9.
voltages do nqt;-;negassa,rilthave;tm, be.made equal .- - /The:small.drop in. potential across-tube 8:may be
.:-and, that. great-differences in; the:base-lengths of; balanced; if::and .when-desired; by -an guitable
these positive:and: negative Jobes -may -be easily~ . means:and indicated. in. the figure:as resistors §

.~ attainedinpractice. N 175 and 2T
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“have progressed from the zero position to the in-

. Referring to Fig, 2, curve B, time is assumed to- -

stant @ when the input voltage, Fig. 1, has re-

duced the bias voltage value of tubes 8 and 20
_ sufficiently to permit- of gaseous conduction in

these tubes upon the appearance.of the operating

. blate voltage. ; : o
_ The value of the resistance of 6 is too high to
permit the two multi-vibrator circuits to ‘operate

as such, but is sufficient .to insure a definite blate

voltage across the-tube 8 ‘and therefore at the

&t

10

- time instant @, the cathodes of tubes 4 ‘and 25 -

~are effectively connected to the- ground-lead 9

‘and the two multi-vibrators start in operation
broducing . the wave-forms' for which “they are
- constructed. Frequency source I, being in oper-
. atlon, multi-vibrator 2 locks in with it, not more
than 10% of a single dot period behind the phase
instant @, and multi-vibrator 2 continues. in op-

eration as long as the cathode T is effectively’

. connected to the ground-lead 9,
" . Referring to Fig. 2, curve C represents the volt-

15

20

"age output of multi-vibrator 2 and a rectifica-

tion - of this curve represents the line' output -

' Voltage which may be biased if and when desired,
as indicated by the connection at point 29, Fig, 1,

It will be sppreciated that the plate voltage
. impressed upon tube 8 by multi-vibrator circuit

2 is only present. for each certain half cycle
thereof and means is provided for maintaining
. 8aseous ‘conduction in this tube for the neces-
-. sary duration of the operation cycle. This is ac-
complished by multi-vibrator 24, the wave-form
of which is indicated by curve D, Fig. 2, and

which provides plate current for tube 8 for the '

three half cycles of six units of the repeater
operation during which tube 4 is idle and allows
tube 8 to be restored to its non-conducting status
at the ends of the code cycle., o )
Referring to Fig. 2, reduction of voltage in
curve B, between the time intervals a—>b, oper-
ates to utilize the lobe of multi-vibrator 2 curve

C for that period, to produce the line current

curve E during the same period. There being no

reduction in line voltage for the period b—e for

the curve B, the multi-vibrator lobe for that

" period curve C produces no line voltage,k as shown
in curve E. - ’ S

In the case where the reduction in Jine voltage

. lasts:for two units as indicated between the lines

¢—e curve B, two consecutive lobes of the multi-

vibrator shown along curve C is caused to pro-

duce two units: of line signal current for that
beriod, as shown along curve E. :

I line bias is used, the signals shown along ;

curve E can be restored to the equivalent closed
circuit: form indicated along curve'F, as.is fully
understood by those skilled in the art, . . o

25

30

40

. The curve along abscissa A is ‘assuied to be |

sent out at a conventional rate of 60 words per
minute which fixes combined frequency of & dot
and a space-.at 22.5 cycles per second, making

‘the dot or marking period equal to 5 half a.

period of the multi-vibrator 2.

The period.of multi-vibrator 24 is slightly less

_than:'7.42 units, or. less ‘than the. distance a7,
- as shown along curve D, Fig. 2, one lobe having
- six units of duration; as illustrated by the curve

for the embodiment herein given. The length of
‘duration of the long lobe of curve D depends
upon the use to which it’is to be put in the par-
ticular system incorporating the invention, Ina
~ continuous distributor system -employing a five

unit code, the duration of the long lobe would

60

70

- - input circuit identified in
Zreception of any character sigrial current, normal

8

‘amount to fewer units, in' some cases less than

five units, in other cases more than five units,

. A detailed operation of the device for the re-
‘generation of the character D, shown in graph

A, after transmission Wwith distortion into form
shown in graph B, will now be set forth, '
The distorted signal wave-form of the outline
Shown in graph B is to be received through the
Fig. 1." Previous to the

line current is flowing through the input resistor
31.. Tubes 20 and 2 1, are-both in a non-conduct~

ing electrical state, due to their previous history
‘of operation and to the grid bias. supplied by

resistor 31. : S ;
Tube 8 is in 3 non-conducting electrical state,
due likewise, to the grid bias supplied by resistor
81.  Under this condition, the plate circuits of
tubes 4 and 25 are substantially open-circuited
and tubes 3 and 26 are conducting their normal
plate currents. Under these conditions, the plate
current of tube 26 serves no operatively useful
function. The plate current of tube 3, through
its associated plate resistor, provides plate cur-
rent -cutoff bias for tube {4, which maintaing
tube {4 in an electrically non-conducting state,
The absence of plate current in tube 4 causes

"an absence of grid bias in tube (5, but in view

of tube 2 having been left in an electrically non-
conducting state, the - circuit of battery 1,
through tube 21, through tube 15 and through
resistor ‘18, is effectively open.  Likewise the cir-
cuit of battery {7, through tube 20, through tube
14 and through resistor i 8, is effectively open.
Normal output line current is: supplied by bias
provided by battery (1. Thus with 'a normal
steady current in the input -circuit, a normal
steady current is repeated in the output circuit.
This status corresponds to the zero time position
of the curve shown in graph B. ' e

When the signal wave shown in graph B-ar-
rives at the time position @, the grid bias of tube
8 is lowered, due to the reduction in signal cur-
rent, to s value which causes tube 8 to acquire
an electrically conducting state, :

The constant frequency source, illustrated in
Fig. 1,-is in continuous operation and is con-
tinuously supplying small amounts of grid volt-
age to tubes 3 and 4, sufficient to cause this
multi-vibrator to lock in, when once started into
operation, but insufficient to cause any opera-
tional manifestation in the absence of an elec-
trically conducting state in tube 8.

Since tube 3 has been carrying its ‘normal
plate current, multi-vibrator 2 is therefore in a
condition to start its normal operation immedi-.
ately upon completing the multi-vibrator circuit,
by causing tube 8 to ‘become electrically con-
ducting. : S

It may be well to mention gt this point, that
properly designed multi-vibrators, unlike capac-
itor-reactor oscillators, are set into normal oper-
ation under conditions. set. forth above, instan-
taneously with the establishment of the normal
circuif thereof; so that at the instant that tube
8 forms a closed circuit for multi-vibrator 2, this
multi-vibrator is set into normal operation and
it locks ‘in with the-constant frequency source at
the first half cycle of the broper - polarity that
coincides with the normal grid voltage of the
said multi-vibrator, as is wel] understood’ in the

- -art relating to thig apparatus.

75

Tube 26 of multi-vibrator. 24 was conducting

- plate current simultaneously with ‘tube 3 of

multi-vibrator 2, and tube 25 was in-a non-



2zt ol
conducting : state;coincl :
tube 4;:so- that when-tube-8: bécame.electrically --
conducting, -poth-multi-vibrators 2. and 24 . were-
instantaneously-set. into- normal operation. -

Multi-vibtator 2. produces-a-voltage wave-form. .5
in accordance: with-graph-C so iong -as the-tube 8.«
is electrically.conducting;- and- likewisé, multi-..
vibrator -4 produces -a-wave-form -in:-aecordance - -
with graph-D-so-long-as. tube.
electrically. conducting - state:
multi-vibrator..24 -is- to maintain: tube: 8 -in-an -
electrically.- conducting state.for-a -duration- of- .
approximately-six- half- cyeles of--multi-vibrator '«
2, by maintaining-current -through;-tube- 8, for---
the periods-of- time -during- whi
passing platercurrent; namely, during every:o
half cycle; and: then fpermittingr;tubeya to be=--.
come -electrically non:conductri-ng;cby:';rempving» -
the plate' current caused: by multi-vibrator: 24 -

at the end of this period, since at this instant--20
Aube &-to~

of time, there is o plate: current-in
maintai;rbelecbrical«-conductivity~~in- tube- 8 either:---
In other words, -at the
operation: of ~multi-vibrator-2 and at-
the same duration. of.-ti
there is-no.current available-from either multi-
vibrator. to. maintain ~electrical conductivity ~in-=
tube 8 -and:therefore-both: multi-vibrators: are
returned ~to:-theinitial® inoperative -status ' de~
scribed :for:them.- -These
operation for: these -multi-vibrators:
each and every time
sufficiently: to: cause -it-
conducting:'state, .- whether - this- bias:: persists-
through*the:.period‘:of*operat-ionﬁon»not.» ‘That is:*
to say,-one-initial removal-of “bias:from tube 8 :
will cause a:complete;cycle” to 'be: performed-b
multi-vibrator'-2, -in- accordance: with-graph €
and simultaneously;:a-¢omplete cycle-performe:
by multi-vibrator-2;in -gccordance with: graph-Dz
This may be-likened: to:the release of -a;start=stop
rotary - regenerative: repeater, 'the half~cycles Gf:
graph -€ -corresponding- to’-the: timing -of ssix of
the segments®and-therlength: ofiwave=formDy
corresponding:“to-one -complete-rotation-of rthe’
distributor. :
Slight -phase shifts between rthe ihput and-the:
output-‘eireditrare- dgnored -in~this~ description s
since they’can be made-as small asdesirableand?
may berconstant-for any:proper
tem employingithis:invention:
Return* now to-4he-signal curtentishown «ih

the -end:0f : -

is.;performed -

graph :Biiat‘“the::timeTinstant‘:a;\.':"r,ubé"rB HAsomude he succeedite thalf icycle. 7 tHe time:
electrieally'fcdnductirrgf’-and\multi-ﬁbrator":z::andi’: “ugtant 7 Hds 'besh reathe onditions
' foperation: ave exdetly i Lot

24 start-into operatiorrin accordan
Cand Dy b

The instant:that. tube: 8:sets fher mulbi-vi--
brators into-operation;tube 4 dragwsmormal plate
current;-producing;:due:to’its ‘plateresistorpsut-

cerwithi ‘graphs.”

ficient grid-biagfor- tube=15 ¢ ‘cut off -1t Tplates: 60 “yegenerated. fito the fort

current. The plate current of tube 4 is repre-
sented b?iithé'&?ﬁrst‘;ifha'lffrilés’r’élé"loﬂu’%raph C, and
under conditions of multi-vibrator operation, the
plate current of tube 3 ceases. With the ces-
sation of plate current in tube 8, tube {4 has its 0
plate-grid bias removed, and due to the reduc-
tion in signal current at the instant @ in graph
B, the plate voltage applied to tube 20 by the
removal of grid bias from tube {4, produces plate
current in resistor 18 of a wave
ing to the first half cycle in graph C. The volt-
age drop across resistor 18, due to sald plate
current in the said resistor, produces the wave-
form shown in graph E, for the period a—>b, and

this voltage reduces the output bias voltage ac- 785 O

dinig-with: thestatus of -

ch.tube-4 is not- 15
ther. - -

end of -six -half .cycles-of : ~

two-~complete . cycles of 30

‘tube-8-has ‘its bias reduced: ¢
to--assumean-electrical™ °

.~.the grid-blas.of-tubes:20
) --with graph-B;-has
8- remains-in:-an .-
The- funetion-of 10

me in multi-vibrator 24;-25

.

~

1y-designedrsys- 150%=

2

-form correspond- 7g Vibrato

"stops the-flow of current from:battery:

i

-~geribed for ithe period symmediately;preceding tHe

‘~time period c—d, _the:operatioh:irépeats-~tha
- through-which the apparatus -wentfor: the period

i €
seribed ‘beginning‘at the time
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-gdordingly,-as.shown.. foi-the. period -a=—b, graph ;-
P, thus regenerating -the-spacing.signa H

1.of -the: -
correspending peried in graph Bi:oce.t-- v
When -the-signal current-rof graph-B -has-
reached:fhe- time-instant b;-multi-vibrater 2 re-
verses . polarity-in: accordance: with-graph-€,-and:
~and.-21 - accordances-
--risen.to -a value- gbove the
necessary cutoff voltage -for- the--said--tubes-20"
and 2. 3.’:"7‘ R S BRI
:~ The rqy'-g};safl-;of‘rbhegpo‘l__al;it{y»bf»»the -voltage of-
multi-viprator 2 cuts-off-the-plate-current of tube:
14, extinguishes-the-jeonization-in stube- -rand:
17;-th >
-resistor 18 in the circui»t,ri;ncludingatube&rl;4»'and'
20. At-this-instant.the: disappearance «of--plat
‘eurrent-irv fube-4 allows, tube- 15-t0-become ‘elec
+trically ~conducting--and.impresses woltage upon:

tube 2{;-but since; the- grid: biag-of -tube 21-has
risen above the cutoff value for the normal:plate-
voltage, no current flows through resistor-18vin-
‘the circuit including tubes-2 0-and 15:for.the nexf:
-half period-of-the- multi-vibrator-2
~output -circuit returns totits nermali:cs
‘o biasy- as -previously--described: an
trated in graph Byperiod:b—@icntriosiy 2na S
- Multi-vibrator-24-maintains:tube: 8-in _an-elec-
-trically -conducting: state;-in-the-absence: of:plate
-current-in-tube -4; during-'the-2ndz 4thrand:6th
‘half cycles -of -operation “of ~multi-vibrator:2,:as
"has been previously deseribed.t =" sl il
. When. the time instant ¢;’‘graph Bis réached,
the prévious: status: of»operation’ is exactly as de-

e

as .« illust

-time instant:g;-and therefore for the succeeding

a—Db. ~However;: when theodime: instantsidis?
eachedands the rmulti-vibrator::2: reversesits?
polarity,ithes:gri‘d?»bifas’i:of ‘tubes’ 207and 2 ‘is*hel
‘below the: cutoff:value; as illustrated;at the tim
“ihstant!d;graph ‘Bjland? theréfore’a: reversal: o
‘the polarity 26t multizvibrator -2 ~does’
% an extinction of plate’ current
55 wasthescasesforithé iperiod b=
Jlows: thie plate”

raph F.forthesame perio -
When the-tinigitfistant-e has beensreathél

conditions afdopération:- ate: lexactly Hdentical
with that described for the time instant b and

instant ¢ ‘and cox
tinuing' “hrovgh’ ‘thé time’ period - B Thu
e have the distortéd -signal “current for “the
period ‘of “six”half*cycles from ‘ato g, graph B,
egene ‘shown.in graph A’for”
the same period j'of.‘tii‘n’é;,f,'HoﬁveVél";'idu'l’iﬁg' the’
period 7—g, Hulti-vib¥ator 24 ‘held tubé 8 i an”
electrically conducting condition and this con-
tinued up to the time instant indicated by ¢ in
the graphs, and at this instant multi-vibrator 24.
reverses its polarity and tube 95 ceases to supply
conduction current for tube 8, and in the absence
of conduction current in tube 4, both multi-
r circuits are returned to their initial
starting conditions. Thus, & complete cycle of
operation of the device for the letter d has been
traversed. In the general case, the period of the
multi-vibrator 24 is slightly less than the sum
f the complete number of units in the code
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" used and as illustrated in h p
- “vents the possibility of overlapping of signals,
In the claims hereunder

- number of units is odd or ‘
| system, six’ inits are Tequired to print'a char-

acter, though the eycle of operation requires 743

; units. - In-a continuous distributor ‘system, five
" units are required to print_a character, but in
the case of

- between !
‘of the ifth unit, and so forth, as will be under-
‘stood by those skilled in the arb, oo e

Square-waves are defined to be the

‘common
form found -in so-called ; f

Having -described one embodiment of ‘the in-*
vention, the scope thereof is’ seb “forth in: the:

claims hereunder, -
WhatIclaimis: -

1. In an apparatiis for regenerating signal cur- - -
telegraph system, aii® =

‘rents in an-equal unit-code

- input cireutt adapted to receive distorted signal
--eurrents in a‘code of equal-units at raiidom ‘com-- -
binations, two electrically -associated’ multi-vi-"

‘brator: circuits, an -output éircuit; ‘means eleéctri=

. cally associated with said output circuit for fiXing

under operation by said random combinations the
beriod” of duration ‘of each’ of said units in “said
output-circuit by the

for fixing the period 6f the sum of the total said
units of a single operation in'said cutput circuit

by the whole-period length of the other of said’

electronic multi-vibrator circuits. . .
" 2.In an apparatus for:régenerating currents
Tepresenting signal characters in an equal-unit-
code telegraph system over an outgoing line from
signal "currents received over an ‘incoming line

comprising, -an” input circuit to receive code sig= -

nals at random combinations, one electronic os¢il-

latory ‘circuit having a3 period equal to twice that -

".of a single unit length of-said code to regenerate
the period of ‘the-units of said signals; a second
electronic oscillatory. circuit ‘having a period equal

substantially to the length of the sum-of all the.-

units and fractions thereof in the code employed
-0 regenerate the period of a complete code=chax-

acter operation, and means electrically-coupling °
said two' oscillatory" circuits - coordinating said::

periods. . -

3. In-an apparatus for regenerating currents.

representing signal characters in an equal-unit-

code telegraph system over an outgoing line from-
signal.currents ‘received over an- incoming- line .

comprising; an input circuit to receive code signals

~ . atrandom combinations; one electronic oscillatory -

" circuit having a periog equal to. twice that of a
+_single unit
period of the units of said signals, a’second elec- .

length of said code to regenerate the

tronic  oscillatory circuit having ‘one short im=

graph D, which pre- : ( e
- | posite polarity, said long impulse having a period.

where the number of
- units of an equal-unit-code is referred to, the &
- -mumber-is defined by the sense. in which it is~
- employed and is dependent upon. whether ‘the
' even. - In a start-stop’ -

f an odd number of units, the “hold- -
ing in” multi-vibrator may release at any time
‘the end of the fourth unit and-the end

half-period length of one of *
said electronic multi-vibrator circuits, and means

pulse of one polarity and,one;long‘impulse of op-

‘equal substantially to the length of the sum of all
_the character code-units employed in said code

_ bwo oscillatory circuits coordinating said periods,

. Tepresenting signal

| - code telegraph system over an outgoing line from-

at random’ combinations,

15 -a second electronic switching circuit ‘having ‘a -

*firsg sald switching circuit, and meansg electrically
20 coupling saig '
"-said periods..| -

45 signal
comprising;

two switching circuits coordinating”

s B, In‘an apparatus for regenerating currents:
representing signal characters in an equal-unit< -

code telegraph system over an outgoing line from -
currents received over an incoming line -
an input circuit to receive code signals

" at random combinations, oné electronic regenera-~ -

~ tive switching means to fix the period of the qura-

30 tronic switching means to fix the number of units
i employed in said code in g

~ riod of the first said switching means..’
6. In an apparatus for

| code telegraph system over

; comprising, an input circuit to receive code sig-

~-nals- at random’ combinations,  one ‘electronic -
va, to provide output currents"
“--of regenerated Signal-wave-forms, a second elec-

40 Square-wave generator

“tion .of a single unit of said code; a second elec~

single operation there- -

A regenerating  currents '

a5 rebresenting signal characters 'in an equal-tunit-
an outgoing liine from - :

‘i signal currents received over an incoming line” - . -

~ :tronic square-wave generator todetermine “the -

- ‘eration.

. eomprising,
at random combinations, olle square-wave alter-
55 output’. cu

--forms, one. electronic means résponsive to dis=

- torted input line currents broviding signal tim-
- .- ing for said output currents, and a second square-
- wave alternating-current electronic generator
80 cooperating ‘electrically withj first ‘said ‘generator

determining the ¢ycle -of operation of said'system.:

MON”I‘i'f‘Q‘RDE;M'QRRISdN.: :

—

7 "wcycle of operation of said system, and electronic-:
‘tube means electrically coupling said two genera-:
‘43 tors coordinating said output currents of ‘regen-

- erated- signal-wave<forms Wwith said cycle: of op==

nating-current ‘electronic generator to provide
currents - 6f regenerated sighal-wave.- -

" of, and a sinusoidal-oscillator to control the pe<

. 17.7. In an apparatis for regenerating currents:i’
--representing sighal ‘charscters in. an equal-unit~ = :
50 icode télegraph system over.an outgoing line from™ © = -
"signal ‘currents receiveq over ‘anincoming. line ’
an input circuit to receive code signals -

P

15 combined, and means elecirically. coupling’ said -~ 1

4. In an apparatis for regenerating currents” - i’
characters in an equal-tnit- cE

10 signal currents received over an incoming :line® ‘-
comprising, an input circuit to receive'code signals - -
one electronic regenera. Rl
tive switching’ circuit having a switching périod = ,
"\ - equal to the length'of a single unit of said code; .

- “switching period equa] in length substantially to =
" that of all the character code-units combined, &
. Sinusoidal oscillator to ‘control the ‘period of the”

=



