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ELECTRONIC REGENERATIVE REPEATER 
Harold F. Wilder, Wyckoff, N. J., and Albert W. 

Breyfogel, Howard Beach, N. Y., assignors to 
The Western Union telegraph Company, New 
York, N. Y., a corporation of New York 
Application June 4, 1940, Serial No. 340,462 

20 Claims. (C. 17.8-70) 
This invention relates to synchronous COm 

inunication Systems and has particular reference 
to apparatus employed for the repetition of the 
Signals in high speed printing telegraph systems. 
The general object of the invention is to pro 

Vide an improved telegraph repeater of the re 
generative type which receives, from one section 
of a line, signals that may be distorted in magnia 
tude and shifted in phase and retransmits them. 
into the next line section at accurately spaced 
time intervals and free from amplitude distortion. 

It is an inherent characteristic of any regenera 
tive repeater to introduce a small amount of 
phase shift into the retransmitted signals, his 
is evident When it is considered that in Order to 
correct the phase shift of incoming signals some 
adjustment of the local means for timing the 
retransmission of the regenerated signals is nec 
essary if the phase shift of the incoming signals 
is predominantly in One direction for a Substan 
tial period of time. Obviously, a change in the 
frequency of the local timing means effects a 
change in the spacing of the intervals at which 
the signals are retransmitted. In view of this 
condition, it is another object of the invention to 
minimize, in so far as it is practicable, the amount 
of phase shift which is introduced into the re 
transmitted signals. 

In connection with one method of attaining 
the foregoing object, it is more specifically an 
other object of the invention to provide means 
for effecting a double integration. Or Scanning 
of the received signals before they are retrans 
Initted. The effect of Such a System is to reduce 
by the Square of the phase shift produced by a 
single integration or scanning the amount of 
phase shift present in the retransmitted signals. 
For example, if the received signal is shifted in 
phase by five units, a single integration may re 
duce this by four-fifths or, in other words, to a 
phase shift of One unit. If now the resultant 
Signal is Scanned a second time, it is possible to 
reduce the shift of one unit by four-fifths or, in 
other words, to a phase shift of One-fifth of a 
unit. Thus, it is seen that the final signal is shift 
ed in phase Only One-twenty-fifth of the amount 
of phase shift present in the received signal. 

It is a further object of the invention to provide 
means for independently varying the frequency of 
one alternating current generator so that it may 
be maintained in phase with the average phase 
of a relatively Small group of such signals. 
Another object of the invention is to provide 

means for independently varying the frequency 
of a second alternating current generator so that 

0 

3 5 

40 

55 

its output may be shifted in phase to correspond 
to a Sustained phase shift of the received signals 
Over a relatively large period of time. 
The instrumentalities provided for the attain 

ment of the two immediately foregoing objects 
insure the correction of each signal which is 
mutilated by fortuitous disturbances, and at the 
Same time prevent the reflection of individual 
corrections into the retransmitted signals, unless 
these individual corrections are of such a nature 
that there appears to be a trend in one direction 
or the other with reference to a fixed frequency. 
Another object of the invention is the provi 

Sion of novel circuits used in conjunction with 
tubes of the gaseous arc discharge type wherein 
Only the starting of the tubes is controlled by a 
grid. Heretofore, because it is necessary to nega 
tively bias the tubes below the critical firing po 
tential, the operation of this type of tube has 
been dependent upon the building up by the in 
coming signals of Some value of positive potential 
to overcome a portion of the negative bias. Such 
arrangements were therefore effective only after 
a reversal by the signals from one polarity to the 
opposite polarity had actually occurred. This, of 
course, introduced an undesirable time lag in the 
response of the tube and at the same time oper 
ated the tube when the slope of the incoming sig 
nal was at something less than its maximum val 
ue. At such a time a signal is quite susceptible to 
the effects of interference, and as a COn Sequence 
it frequently happened that an incorrect response 
was obtained by the receiving tubes. The novel 
circuits provided for obviating these difficulties 
cause the receiving tubes to operate exactly at 
the time of signal reversal, while the slope is a 
maximum and the wave front is the least apt to 
be distorted by interference. - 
Another object of the invention is the provi 

sion of novel oscillator frequency control circuits. 
Another object of the invention is to provide a 

novel frequency divider whereby alternating cur 
rent having a desired frequency may be obtained 
from another alternating current having a fre 
quency which is a multiple of the desired fre 
quency. 

Certain of the subject matter relating to the 
control of the frequency of one or more local oscil 
lators and to the feed-back circuit arrangements 
for tubes of the gaseous arc discharge type is 
claimed in a copending application of Harold F. 
Wilder and Albert W. Breyfogel, Serial No. 
460,218, filed September 30, 1942, and entitled 
“Frequency control apparatus.' 
These and other subordinate objects of the in 
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vention are attained by apparatus disclosed here 
in by way of illustration. A regenerative repeater 
embodying the novel features of the invention 
will be described in conjunction with the accom 
panying drawings, of which: 

Fig. 1 is a block diagram showing the relation 
between the various units comprising the novel 
repeater; 

Fig. 2 illustrates the arrangement of Figs. 3, 4, 
5, and 6; 

Fig. 3 shows the signal receiving and storing 
portions of the repeater and also the apparatus 
for effecting the first integration or scanning of 
the signals; 

Fig. 4 shows the transmitting portion of the 
repeater, and also the apparatus for effecting the 
second integration or scanning of the signals; 

Fig. 5 shows the electronic oscillators and some 
of their associated circuits for obtaining the two 
alternating current potentials utilized in the re 
peater; 

Fig. 6 shows the remaining apparatus neces 
sary for the generation of the alternating cur 
rent potentials, and also the apparatus employed 
to vary the frequency of the alternating current 
generators; 

Fig. 7 illustrates in simplified form the prin 
ciples of the frequency changing or modulating 
apparatus; and 

Figs, 8 and 9 are vector diagrams of the volt 
ages and currents present in the circuits of Fig. 7. 
The repeater embodying the invention will first 

be described in a general manner without refer 
ence to any of the details. Accordingly, refer 
ence is made to Fig. 1 of the drawings which ill 
lustrates in schematic form the inter-relation 
among the various units of the repeater and also 
those employed to control the operation thereof. 
The path traversed by the signals in passing 
through the repeater may be traced by the heavy 
solid lines in the direction indicated by the ar 
rows. The incoming signals which may be dis 
torted both as to amplitude and phase are re 
ceived by a signal receiver O. At suitable inter 
vals corresponding approximately to twice the 
highest signal reyersal frequency a device which 
in effect is a switch f f is closed, thereby repeat 
ing the received signals into a signal storer f2. 
The stored signals are subsequently repeated, up 
on the closure of another switch-like device 3, 
to a signal transmitter f4 by means of which they 
are retransmitted into the next section of line 
as substantially undistorted signals. 
There is provided a source of alternating cur 

rent, termed herein a phasing frequency gener 
ator 5, which operates at a frequency of substan 
tially twice that of the line signal reversals. One 
function of the phasing frequency generator is 
to close the switch-like device once per cycle 
of its alternating current output. The output of 
the phasing frequency generator is also com 
pared as to its phase relation with the received 
signals by means of an apparatus which is known 
as a phase comparator 6. A phase shift of an 
incoming signal with respect to the alternating 
current of the phasing frequency generator is 
detected by the phase comparator 6 and a suit 
able signal is transmitted to an apparatus 
termed herein a phasing frequency corrector f7. 
This apparatus is effective to alter the frequency 
of the alternating current generated by the phas 
ing frequency generator in such a manner that 
the alternating current is brought into phase 
with the received signals. The timing of the fre 
quency corrector circuits is such that the fre 
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2,333,281 
quency of the phasing frequency generator is 
varied in response to like phase shifts occurring 
successively in each of a relatively small group 
of received signals. 

In general there are two causes of phase shift 
ing of the received signals. One is the effect of 
interference effects which are generally known 
as fortuitous disturbances. This type of phase 
shifting is of an unpredictable nature and may 
cause one signal to be retarded in phase and the 
following signal may be affected so that it is ad 
Vanced in phase. Consequently, when only this 
type of phase shifting is present, the phasing fre 
quency corrector 7 will be constantly operating 
alternately to Speed up and to retard the phasing 
frequency generator. The average frequency 
taken over a period of time will therefore remain 
Constant. 

If, however, the periodic device which is em 
ployed to time the transmission of the signals at 
the remote station is operated at a slightly dif 
ferent frequency from the phasing frequency 
generator, the average frequency of this gener 
ator will not remain constant but will operate at 
a different frequency from that at which it orig 
inally operated. It therefore becomes necessary 
to alter the frequency of the periodic device used 
to time the retransmission of the signals from 
the repeater or, in other words, the time interval 
or spacing between successive closures of the 
Switch-like device 3 must be changed. The clo 
sures of the device 3 are controlled by means 
of a transmitting frequency generator 8 in a 
manner similar to that of the phasing frequency 
generator 5 with respect to the switch f. Also, 
the two generators 5 and 8 are constantly con 
pared as to their phase relation by means of a 
phase comparator 9. A disagreement between 
the two generators is detected by means of the 
comparator 9 and an appropriate signal is sent 
to a transmitting frequency corrector 20. In this 
case, however, the timing of the corrector ap 
paratus 20 is considerably slower than the tim 
ing of the corrector T. By reason of this ar 
rangement, individual discrepancies between the 
frequencies of the generators 5 and 8 are not 
immediately employed to alter the frequency of 
the generator 8. Thus, a phase difference be 
tween the generators which would call for a 
speeding up of the generator 8 and a subsequent 
phase difference which would call for a slowing 
down of the generator 8 in effect cancel one 
another, producing no change in the frequency 
of generator 8. But if the corrections indicated 
by the comparator 9 are of such a nature that 
the number of one predominates over the other, 
or in other words, if it appears that there is a 
trend in one sense or the other, the transmitting 
frequency corrector 20 then becomes effective to 
make the appropriate change in the frequency 
of the transmitting frequency generator. 

Thus, it is seen that the organization of the 
instrumentalities comprising the repeater is ef 
fective to regenerate each distorted received 
signal and to transmit these signals at accurately 
spaced intervals. The apparatus comprising the 
phasing frequency generator 5, the phase com 
parator l6, and the phasing frequency corrector 
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is immediately responsive to each small group 
of like phase shifts occurring in the received 
signals while the apparatus comprising the 
transmitting frequency generator 8, the phase 
comparator 9 and the transmitting frequency 
corrector 20 is responsive only to a trend in 
One sense or the other of the received signals 
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with respect to the transmitting frequency gel 
erator 8. Such an arrangement provides the 
benefits to be derived from correcting for Sub 
stantially every phase shift and at the same time 
minimizes the Wariations in frequency of the re 
transmitted signals. 

For a detailed description of the regenerative 
repeater embodying the instant invention, refer 
ence will be made to Figs. 3, 4, 5 and 6, arranged 
as indicated in Fig. 2. The repeater shown 
here in detail is employed to relay signals in 
one direction over a system which is arranged 
for duplex operation. The signals are originally 
transmitted by means of the usual arrangements 
for transmission employed in a synchronous tele 
graph system. Such a transmitter is illustrated 
diagrammatically by the device 2 and is con 
nected by a line W extending from the remote 
station to the receiving apparatus of the repeater. 
The signals appear as potentials between the 
points 22 and 23 of the line terminating in 
pedances 24. These potentials are used to con 
trol the operation of a pair of gaseous arc-dis 
charge tubes 25 and 26 by, means of connections 
made to the respective control grids of these 
tubes. Space current is supplied to the receiv 
ing tubes by a source of potential 27, the posi 
tive terminal of which is connected through the 
winding 28 of a transformer 29 to the mid-point 
of a symmetrically arranged network, each 
branch of which contains an inductance 30 and 
a resistance 3, and to the respective anodes of 
the receiving tubes. These tubes are operated 
alternately in response to reversals of polarity 
of the line signals impressed thereon. Since it 
is a characteristic of this type of tube that an 
arc discharge initiated between the cathode and 
anode under the control of the grid continues 
until the anode-to-cathode potential is reduced 
below the critical value, a commutating con 
denser 32 is connected between the anodes of the 
tubes in a well known manner to extinguish the 
arc in one tube when an arc discharge is started 
in the other tube. 

It is also a characteristic of this type of arc 
discharge tube that a discharge is initiated 
when the potential of the grid with respect to 
the cathode becomes less negative than Sone 
critical value. In operating tubes of this type 
in response to polarized telegraph signals here 
tofore it has been necessary to bias the tubes 
negatively sufficiently to prevent the operation 
of both of the tubes when the signal potentials 
became zero. Hence, in order to operate One 
of the tubes it was necessary that the signal po 
tential applied to the grid become positive in an 
amount sufficient to reduce the negative bias to 
the critical firing potential. Consequently, the 
operating time of the tube after the received 
signal had reversed from one polarity to another 
varied appreciably because of the variation of 
the slopes of the wave fronts of different signals 
and also because, at this time, the signals are 
more susceptible to the effects of interference 
than at the time of reversal from one polarity to 
the other. The repeater embodying this inven 
tion is provided with means for operating the 
receiving tubes at the instant of reversal of the 
line signals. Hence, their operation then be 
comes entirely independent of signal amplitudes 
and is entirely dependent upon the phase of the 
received signals. This type of operation is Se 
cured by providing novel feed-back circuits be 
tween the anode and grid elements of the respec 
tive receiving tubes. Also, both of the trans 
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mitting tubes are provided with identical feed 
back circuits (differing only in the magnitude of 
the feed-back potential as described hereinafter) 
and the other tubes of a similar type which are 
used elsewhere in the repeater are provided with 
similar feed-back circuits out which have differ 
ent timing characteristics. Accordingly, only 
one of each of these feed-back circuits will be 
described in detail. 
There is connected between the anode of the 

tube 23 and the negative terminal of the Source 
of potential 22 a Series connection of resist 
ance 33, two choke coils 34 and 35, and a re 
sistance 36. Condensers 37 and 38 are con 
nected between intermediate points of the re 
Spective choke coils 34 and 35 and the negative 
terminal of the Source 2. The condensers are 
shunted by a series connection of resistances 39, 
4 and 4. A connection is also made to these 
shunting resistances at the point common to 
resistances 39 and 49 to the grid of the tube 25, 
The choke coils and the condensers comprise a 
delay network of Such a character that when a 
high positive potential is applied between the 
anode and the cathode of the tube 25, the poten 
tial which is applied to the grid of this tube by 
the network remains substantially unchanged for 
a predetermined period of time. At the expira 
tion of this time the grid feed-back potential is 
increased positively substantially instantane 
ously to a predetermined value. The resistances 
33 and 36 are for the purpose of damping OScil 
lations between the inductive and capacitative 
elements of the network after the predetermined 
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feed-back potential has been reached. The re 
sistance 39, 40, and 4 comprise a potentiometer 
or voltage divider whereby the predetermined 
grid potential may be obtained from the poten 
tial to which the condensers become charged. 
The cathodes of the respective tubes are con 
nected through a common resistance 42 to the 
negative terminal of the battery 27. Thus, the 
voltage drop across this resistance produced by 
the current flowing through the tube which is 
conducting serves to bias the grid of the non 
conducting tube negatively with respect to its 
associated cathode. This bias is sufficient to 
prevent operation of the tube in the absence of 
other grid potentials. 
For the purpose of describing the action of the 

positive feed-back circuit, assume that the tube 
25 is conducting and the tube 26 is non-conduct 
ing. When a signal of the proper polarity is in 
pressed upon the receiving impedances 24, the 
tube 26 is rendered conducting and, by means of 
the extinguishing action of the commutating con 
denser 32, the tube 25 is rendered non-conduct 
ing. The fixed negative bias is applied to the 
grid of the tube 25 as described. At the same time 
Substantially the full potential of the source 27 
is impressed between the anode and the cathode 
of this tube. While the tube is conducting, the 
positive potential applied to the anode is relatively . 
Small and as soon as the arc in this tube is ex 
tinguished, the potential applied to the anode is 
materially increased. This increased potential is 
applied to the delay network of the choke coils 
and Condensers and, depending upon the COn 
stants of the network, a short time thereafter the 
condensers 37 and 38 will instantaneously charge 
to the full potential of the source 27. However, 
until this happens, the positive feed-back poten 
tial which is applied to the grid of this tube is 
maintained at a Small value approximating Zero 
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and the tube is controlled by the negative bias 
and the signal voltage. Therefore, it will be ap 
preciated that any fluctuation or oscillation of 
the received signals which does not reach or ex 
ceed the potential necessary to reduce the nega 
tive bias to the critical firing value of the tube 
25 is ineffective to produce this result at this 
time. The importance of this feature is that 
once a signal has been received and is registered 
by means of the tubes 25 and 26, there is intro 
duced into the System a time delay during, which 
the receiving tubes are disabled so far as small 
disturbances of the received signals are con 
cerned. The delay is long enough to normally 
permit steady state Signal conditions to be estab 
lished. When such a condition has been estab 
lished, the receiving tube 25 which is non-con 
ducting at this time is substantially instantane 
ously conditioned to receive the following signal. 
This condition is such that a predetermined posi 
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tive feed-back potential is applied between the 
grid and the cathode of this tube which is, in it 
self, just capable of overcoming or neutralizing 
the negative bias applied to this tube to an extent 
sufficient to render the net bias equal to the criti 
cal firing potential. However, since the poten 
tial appearing at the point 22 of the receiving 
network is negative With respect to the cathode 
of the tube 25, the tube remains non-conducting. 
But, when the following signal is received and 
the potential at the point 22 with respect to the 
cathode of the tube 25 becomes Zero as it is about 
to reverse from negative to positive, the tube is 
controlled solely by the net biasing potential. 
Since this potential at this time is the critical 
negative firing potential, an arc discharge is 
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started in the tube 25. It has been demonstrated 
that such an event extinguishes the arc in the 
tube 26 and thereafter for a predetermind time 
disables this tube as far as input potentials of 
less than the value necessary to reduce the nega 
tive bias to the critical firing potential are con 
cerned. Therefore, it is evident that even though 
the potential appearing at the point 22 does not 
immediately become positive but instead becomes 
slightly negative with respect to the cathode, the 
tube 25 will remain conducting and the tube 26 
will remain non-conducting, provided that this 
potential does not become negative enough to 
produce a corresponding positive potential at the 
point 23 which is equal to or in excess of the po 
tential necessary to overcome the fixed negative 
bias to the extent required to produce the criticai 
grid-to-cathode firing potential of the tube 26. 
Such a signal is frequently encountered in prac 
tice and is caused by interference effects being 
superimposed upon the telegraph signals. These 
interference effects are frequently of an oscilla 
tory nature having a relatively short duration SO 
that ultimately the potential reversal which ini 
tiated conduction in the tube 25 is completed, 
thereby rendering the point 22 positive and the 
point 23 negative with respect to the cathodes of 
the receiving tubes. The delay which is intro 
duced into the application of the positive feed 
back potential to the input circuits of the receiv 
ing tubes is sufficient to prevent all but the most 
violent and longest sustained interference effects 
from interfering with the proper operation of the 
receiving system. 
The nature of the local biasing circuits of the 

receiving tubes is such that, in the absence of 
signaling potentials, the tubes will oscillate. It 
has been found that optimum results are obtained 
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the tubes to oscillate at approximately twice the 
maximum signal reversal frequency. 

It should be pointed out that these feed-back 
circuits are not absolutely essential for the satis factory operation of the repeater. However, they 
do improve its Operation so that it is possible to 
repeat higher frequency signals which may be 
subjected to higher levels of interference, and for 
this reason are included in the preferred form 
of the invention. Another feed-back arrange 
ment which also has been found to give excellent 
results is that which is provided for some of the 
other gaseous arc discharge tubes employed here 
in and is described in a subsequent portion of the 
Specification. 
Condensers 43 and 44 are connected as shown 

to the input circuits of the receiving tubes 25 and 
26 for the purpose of bypassing certain high fre 
quency charging currents generated by the oper 
ation of the westbound transmitter 45 which is 
employed to send signals to the remote station 
connected to the line W. The inductances 30 
and the resistances 3 connected in the plate cir 
cuits of the receiving tubes are resonant and crit 
ically damped at a frequency which is about twice 
the highest dot telegraph signal reversal fre 
quency. The purpose of this arrangment is to 
insure that the potential which appears between 
the anodes of these tubes shall produce signals 
which have a substantially square wave form. In 
Order to accomplish this result it is necessary 
that the inductances 30 be wound on separate 
cores So that there is no inductive interaction be 
tWeen them. 
The respective anodes of the receiving tubes 

are connected to the extreme terminals of a se 
ries Connection of resistances 46 and 4. Each 
of the Connecting circuits includes an identical 
network for the purpose of producing a pro 
nounced peak at the beginning of each signal im 
pulse. One of such networks comprises a con 
denser 48 connected in shunt with a resistance 
49. Thus, the signals which are received from 
the line are repeated by the receiving tubes 25 
and 26 and appear as square-topped potentials 
impressed across the terminals of resistances 45 
and 47. 
The terminals of these resistances are con 

nected respectively to the grids of a pair of tubes 
50 and 5 through resistances 52 and 53, re 
spectively. The cathodes of these tubes are con 
nected by means of a resistance 54 to the mid 
point of the resistances 46 and 47. For the pur 
pose of this description the tubes 50 and 5 will 
be referred to as the first pick-up tubes and they 
may be of the 627 type or any equivalent capable 
of amplifying signals in the voice frequency range. 
As the polarity of the received signals reverses, 
the polarity of the potential impressed upon the 
input circuits of the first pick-up tubes reverses 
So that, for example, when the grid of the tube 
50 is positively biased to render this tube con 
ducting, the grid of the tube 5 is negatively 
biased, thereby preventing this tube from con 
ducting Space current. The anodes of the first 
pick-up tubes are connected to the terminals 
of a primary winding 55 of a coupling trans 
former 56. Conductors 57 are connected to the 
Cathodes of the tubes and to the midpoint of the 
winding 55 and are periodically energized by 
means of a locally generated impulse so that 
space current may be furnished through one of 
the portions of the winding 55 to the output cir 
cuit of whichever one of the first pick-up tubes 

when the biasing circuits are adjusted to cause 75 is conditioned for conduction by means of the 
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relayed signal. On the average, this impulse is 
Supplied over the conductors 57 at a time which 
is approximately one-half a baud, or signal im 
pulse, later than the received signal reversal de 
tected by the receiving tubes 25 and 28. This 
process is known herein as the first signal scan 
ning, and the means for producing the scanning 
impulses and the manner in which their timing 
is controlled will be discussed in detail in a sub 
Sequent portion of the specification. Suffice it 
to say that these impulses are generated at a rate 
which is substantially equal to twice the highest 
dot signal reversal frequency. 
Each Scanning impulse produces an impulse 

of Short duration in the primary winding 55 of 
the transformer 56. Depending upon which of the 
first pick-up tubes is conducting, the polarity of 
the impulse which is induced in the secondary 
Winding 58 of the coupling transformer will op 
erate one or the other of a pair of storing relays 
59 and 60. The input circuits of these tubes are 
Connected to the Secondary winding 58 of the 
coupling transformer in a conventional manner 
aS shown. These tubes should possess high am 
plification factors and may be of the 62 type 
or their equivalents. The tubes are equipped with 
feed-back or inverse biasing circuits by means 
of which their sustained operation in response 
to the Short impulses derived from the winding 
58 is secured. These circuits may be described 
by assuming that the tube 59 is conducting and 
the tube 60 is non-conducting. If, in these cir 
cumstances, an impulse is induced in the wind 
ing 58 of the coupling transformer 56 of such a 
character that the lower terminal of this wind 
ing is positive with respect to the upper termi 
nal, the grid of tube 60 will be biased positively 
with respect to its associated cathode, thereby 
rendering this tube conducting. The negative 
potential which is applied at the same time to 
the grid of the storing tube 59 is effective to ren 
der this tube non-Conducting. Consequently, the 
potential which is applied to the anode of this 
tube is raised to Some high positive value ap 
proaching the full potential of the Space current 
source 6.. This high positive potential is con 
nected by means of a feed-back resistance 62 to 
the grid of the tube 60 which has just been ren 
dered conducting. These circuits are so designed 
that the positive feed-back potential is supplied 
to the tube last operated before the operating po 
tential derived from the short transformer im 
pulse has been removed. Thus, it is seen that 
the tube which is non-conducting furnishes a, 
biasing potential to the conducting tube to main 
tain these conditions. Hence, it becomes possi 
ble to operate the storing tubes alternately in 
response to impulses of very short duration and 
of Opposite polarity. 
The output circuits of the storing tubes 59 and 

60 include respectively resistances 63 and 64, the 
terminals of which are connected through resist 
ances 65 to the terminals of the input circuits of 
a pair of tubes 66 and 67 which are referred to 
herein as second pick-up tubes. These tubes may 
also be of the 627 type or their equivalents. The 
anodes of the second pick-up tubes are connect 
ed to the terminals of a primary Winding 68 of 
a coupling transformer 69. In a manner similar 
to that described for the first pick-up tubes, space 
current for the Second pick-up tubes is supplied 
over conductors 70 by the periodic impression 
thereon of a series of locally generated impulses 
which are known as the second scanning im 
pulses. These impulses are also generated by 
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means which will be described in greater detail 
in a subsequent portion of the specification. The 
frequency of the second scanning impulses is sub 
stantially equal to twice the highest signal re 
versal frequency. The timing of one of the sec 
Ond Scanning impulses with reference to one of 
the first Scanning impulses is approximately one 
half a baud, or signal impulse, later. Each of 
the Second scanning impulses is employed to gen 
erate an impulse in the primary winding 68 so 
that there is produced by induction in the sec 
Ondary winding a series of impulses corre 
Sponding in number and polarity to the signals 
Which were originally received from the line W. 
The impulses which are induced in the second 
ary winding are utilized to control the opera 
tion of a pair of transmitting tubes 72 and 73. 
These tubes are of the gaseous arc discharge 

type similar to the receiving tubes 25 and 26. 
They are also provided with delayed feed-back 
circuits similar to those described in connection 
With the receiving tubes. However, in the case 
of the transmitting tubes, the amount of the 
positive feed-back to the grid of the non 
conductive tube is slightly less than the po 
tential necessary to reduce the fixed negative 
bias to the critical firing potential of the tube. 
Hence, in the absence of an external positive po 
tential applied to the grid, the non-conductive 
tube will not be operated by means of the bias 
ing potentials. This method of operation is nec 
essary because the impulses derived from the see 
Ondary Winding of the transformer 69 are 
of relatively short duration and are spaced in 
time from one another. Hence, there are no 
available signal-derived potentials to maintain 
stable operating conditions of the tubes between 
Signal reversals as in the case of the receiving 
tubes. It should be noted that there is no delay 
in the response of the transmitting tubes for the 
reason that the impulses impressed upon the in 
put circuits have extremely steep wave fronts. 
The output circuits of the transmitting tubes 

include, in addition to the network of inductances 
and resistances similar to those employed with 
the receiving tubes, another network Comprising 
a condenser 74 and a resistance 75 connected in 
Series between the respective anodes of the trans 
mitting tubes. The anode of the tube 73 is con 
nected to ground. The anode of the tube 72 is 
connected through an inductance 76 to the apeX 

of a network of terminating impedances 78. 
One terminal of the terminating network is con 
nected to the line E and the other terminal 
through an artificial line 79 to ground. As the 
transmitting tubes 72 and 13 are operated in ac 
Cordance With the signals which are to be sent 
into the succeeding section of the line, the polar 
ity of the potential applied to the apex. 77 is al 
ternately reversed, according to the character 
of the signal being transmitted. The elements 
14, 5 and 76 comprise what is known in the art 
as an anti-noise set which has for its purpose the 
Suppression of currents which may cause inter 
ference with lines in the vicinity of the line E. 
Such a device is well known and its Connection in 
the circuit is conventional and will not be de 
Scribed in any further detail. 
The apparatus which is employed to generate 

the Scanning impulses for the repeater will be 
described by having reference particularly to 
Figs. 5 and 6 of the drawings. As previously de 
Scribed, two series of scanning impulses are used 
and are furnished at a frequency which is sub 
stantially twice the highest signal reversal fre 
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quency. These impulses are generated by elec 
tronic means which for convenience comprise two 
electronic oscillators Operating at relatively high 
frequencies with reference to the desired fre 
quency and differing from one another in an 
amount equal to the desired frequency. The out 
puts of the oscillators are combined and the dif 
ference, or beat, frequency is utilized. Two such 
independent frequencies are required and one 
oscillator is arranged so that it is operated in 
conjunction with each of two other Oscillators. 
Once adjusted, the frequency of the connon 
oscillator remains fixed but the frequencies of the 
other two oscillators are susceptible of mutually 
independent variations in order to provide the 
desired regenerating action of the repeater. If 
the two other oscillators are arranged to nor 
mally operate at the same frequency whereby the 
two beat frequencies produced are substantially 
the same, there is a marked tendency for these 
two oscillators to lock together and operate at 
the same frequency. It is necessary to prevent 
such an occurrence Since the frequency varia 
tion of One of these oscillators must be inde 
pendent of that of the other. To obviate the 
locking tendency by shielding the wiring, which 
is the medium by which the undesired coupling 
is effected, is unnecessarily expensive. A better 
Way is to adjust the frequencies of the oscil 
lators So that one beat frequency is produced 
at twice the highest telegraph signaling frequen 
cy and the other beat frequency is produced at 
Substantially the highest telegraph signaling fre 
quency. Since the latter beat frequency is un 
usable in this form, it is doubled by means of a 
frequency doubler. w 
One of the local sources of oscillations pro 

vided includes an electron discharge device 80 
which is arranged so as to have a negative re 
sistance characteristic. This device is provided 
with an electrode 8 which is connected so that 
a Secondary emission of electrons therefrom is 
produced. A Source of potential 82 is connected 
to a Series arrangement of a plurality of resist 
ances 83, 84 and 85. These resistances comprise 
a voltage divider to which connections to the 
electrodes of the tube 80 are made. A shunted 
arrangement of a condenser 86 and an inductance 
87 is connected between the electrode 8? and an 
intermediate point on the voltage divider. The 
apparatus of this circuit is to control the fre 
quency of the Oscillations in a well known man 
ner and is commonly referred to as a tank cir 
cuit. The output circuit of the oscillation gen 
erator 80 is coupled electrostatically by means of 
a condenser 88 to a parallel arrangement of a 
pair of resistances 89 and 90. From these re 
sistances are derived the input circuits for a pair 
of vacuum tubes 9 and 92 which may be of the 
6C8G type or other equivalents. The output cir 
cuits of the amplifying tubes 9? and 92 are also 
connected in parallel to the primary windings 
93 and 94, respectively, of transformers 95 and 96. 
There is also provided a second oscillator tube 

97 the output of which is amplified by means of 
vacuum tubes 98 and 99 in substantially the same 
manner as that described in connection with the 
OScillator 80. The amplified output of the oscil 
lator 97 is impressed upon the primary windings 
100 and of of transformers O2 and 103, respec 
tively. 
There is provided a third oscillator fo, the out 

put of which is amplified by means of vacuum 
tubes 05 and fos in substantially the same man 
ner as that described for the other two oscil 
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lators. Similarly, the amplified output of the 
oscillator 04 is impressed upon the multiple con 
nection of windings O and 08, respectively, of 
the transformers fog and if O. 
The condenser elements of the tank circuits 

86-87, and f2 are variable and are ar 
ranged to be controlled by a common frequency 
adjusting control (not shown). The oscillator 97 
is the common oscillator previously referred to, 
and OScillators 80 and 04 are the variable fre 
quency oscillators. The circuit constants of the 
three tanks are chosen so that, with the common 
frequency adjusting control set at one extreme 
pOsition, the OScillations generated by the oscil 
lator 80 have a frequency of substantially 614.5 
cycles per second, those generated by the oscil 
lator 97 substantially 585 cycles per second and 
those generated by the oscillator O4 substan 
tially 644 cycles per second. Thus, it is seen that 
the beat frequency derived from oscillators 80 
and 97 is the difference between these respective 
frequencies which is 29.5 cycles per second. Simi 
larly, the beat frequency derived from oscillators 
90 and 04 is 59 cycles per second or exactly 
twice the first beat frequency which is subse 
quently doubled and utilized together with the 
Second beat frequency at times when the tele 
graph signaling is effected at approximately 29.5 
cycles per Second. The movement of the fre 
quency adjusting control to its other extreme 
position decreases the frequency of the oscillators 
80 and 97 and increases that of the oscillator 
04, so that the respective frequencies become 

substantially 605, 500 and 710 cycles per second. 
Now, it will be seen that the beat frequency de 
rived from the oscillators 80 and 97 is 105 cycles 
per Second and that derived from the oscillators 
97 and O4 is 210 cycles per second. Again, it 
will be observed that the two-to-one relation 
exists between the two beat frequencies. The 
Same relation holds for all positions of the fre 
quency adjusting control between the two de 
Scribed extremes. These frequencies are selected 
initially in accordance with the telegraph sig 
naling frequency. The values given herein are 
intended only as illustrations and are not con 
templated as limiting the scope of the invention 
in any manner. Also, it will be understood by 
those skilled in the art that, by taking the neces 
Sary precautions against coupling, the oscillator 
80 may be operated at substantially the same 
frequency as the oscillator f04 without depart 
ing from the Scope of the invention. 
Each of the transformers associated with the 

output circuits of the frequency amplifiers is 
provided with a plurality of secondary windings, 
the purpose of which will become apparent from 
Subsequent portions of the specification. Sec 
ondary Winding Ill of transformer 95 is con 
nected in Series relation with secondary winding 
4 of transformer O2. The terminals of this 

series connection, when properly poled, are con 
nected respectively to the grid and cathode of 
an amplifier tube 5. Similarly secondary wind 
ing f6 of transformer 95 is arranged in series 
connection with Secondary winding fl of trans 
former O2 and the properly poled terminals of 
this connection are connected respectively to 
the grid and cathode of a vacuum tube 8. 
The respective anodes of the tubes 5 and 8 
are connected to the terminals of a winding 
9 of transformer 20. The midpoint of this 

transformer winding is connected to the positive 
terminal of a source of direct current potential 
2. The negative terminal of this source of 
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potential is connected through a resistance 22 
to the cathodes of the amplifier tubes 5 and 
: 8. Thus, it is Seen that these tubes are con 
nected in a push-pull arrangement. Also, it is 
Seen that the input circuits of this push-pull 
amplifier are derived from transformer wind 
ings in Such a manner that a combination of the 
frequencies generated by the oscillators 80 and 
97 is impressed upon the amplifier. By Such an 
arrangement there appears in the primary wind 
ing i 9 of the output transformer 20 two po 
tentials having the frequencies of the oscillators 
80 and 97, respectively. These potentials are 
reproduced by induction in the secondary winding 
23 of the transformer 2 and are demodulated 
by means of a full Wave rectifier tube 24 in 
order to produce a series of uni-directional im 
pulses of valrying amplitude having an envelope 
which varies in frequency in accordance with 
the difference, or beat, frequency produced by 
the combination of the frequencies generated 
by the oscillators 8 and 9. This series of in 
pulses is paSSed through a filter network f25 
Which comprises a plurality of inductive and 
capacitative reactances connected as shown and 
which has for its function the filtering out of 
the high frequencies produced by the oscillators. 
Thus, the potentials which are applied to the 
primary winding 26 of a transformer 2 are 
alternating in character, have a sinusoidal wave 
form and a frequency Which is the beat, or dif 
ference, frequency derived from the Oscillators 
80 and 97, and which is equal to the signal re 
versal frequency. 
These potentials are reproduced by induction 

in the Secondary Winding 28 of this transformer 
and are applied to a frequency doubling ar 
rangement by being impressed upon the input 
circuits of a pair of vacuum tubes 29 and 30. 
These tubes may be of the 6E6 type or their 
equivalents and are biased So as to have non 
linear amplifying characteristics. The output 
circuits of the amplifier tubes 29 and 30 are 
connected to the primary winding 3 of a trans 
former 32 in a multiple, or push-push connec 
tion as shown. Thus, there appears in the pri 
mary winding the second harmonic of the ampli 
fier input frequency and there is derived from 
the secondary winding of the transformer 32 
a. Sine wave potential having twice the Signal 
reversal frequency. Before the manner in which 
this alternating current potential is employed in 
the repeater is described it may be well to dis 
cuss briefly the generation of the Second alter 
nating current frequency. 
In view of the foregoing description the de 

tailed circuits which are involved in the gen 
eration of this second alternating current po 
tential will not be described fully since they are 
precisely similar to those already described. 
The respective outputs of the oscillators 97 and 
04 are combined by means of the Secondary 

windings of transformers 03 and f O and ap 
plied to the input circuits of a pair of push-pull 
amplifier tubes 33 and 34. The connections 
of these tubes to the secondary transformer 
Windings are similar to the connections de 
Scribed in detail for the input circuits of the 
push-pull amplifier tubes 5 and 8. The 
combination potential of the two oscillators 97 
and 04 is demodulated by a rectifer tube 35 
and the high frequency. Components of the re 
Sultant wave are filtered out by means of the 
filter 36. The beat frequency alternating cur 
rent potential is impressed upon the input cir 
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cuits of a pair of amplifier tubes 37 and 33 
by means of a coupling transformer f39. Be 
cause of the difference between the frequencies 
of oscillation of the oscillators 97 and 104 pre 
viously described, there is impressed upon the 
primary Winding 40 of the transformer 4 an 
alternating current potential having a sinusoi 
dal form and a frequency substantially equal to 
twice the signal reversal frequency. 
The sinusoidal alternating current voltage of 

approximately twice the telegraph signal re 
Versal frequency which appears in the second 
ary winding 62 of the transformer 32 is ap 
plied by means of conductors 43 to the input 
circuits of a pair of gaseous arc-discharge tubes 
d44 and 45 (see Fig. 3). Each of these tubes 
is provided with a feed-back circuit which is 
Somewhat similar to the feed-back circuits as 
Sociated with the receiving tubes but which has 
a Somewhat different timing characteristic. The 
feed-back circuit, which is associated with the 
tube 44 comprises a resistance 46 in series 
With a condenser 47, which combination is con 
nected between the anode of the tube and the 

5 negative terminal of the source of potential 48. 
A Voltage divider is connected in shunt with the 
Condenser and comprises resistances 49 and 
(58 and the upper half of the secondary wind 
ing f 32 of the transformer 32. A connection is 
made to the grid of the tube 44 from the junc 
tion of resistances 49 and f 50 whereby the de 
Sired positive potential is applied to the grid. As 
Soon as the tube 44 is rendered non-conduct 
ing, the anode is raised to substantially the full 
positive potential of the battery 48. Conse 
quently, the condenser 47 begins to charge 
through the resistance 46 at a rate which is de 
termined by the value of this resistance. As is 
Well known, the potential of the condenser when 
plotted against time rises substantially accord 
ing to an exponential curve untilultimately the po 
tential across the condenser reaches a maximum 
Steady state value. A porticn of this voltage 
is Selected by means of the voltage divider and 
applied to the grid of the tube 44 and is just 
capable when acting by itself in concert with 
the fixed negative bias to initiate conduction in 
the tube. The tube 45 is also provided with a 
Similar feed-back circuit and the action of these 
tubes in response to the exciting potentials ap 
plied to the conductors 43 is identical with the 
action of the receiving tubes previously de 
Scribed. In this case, however, it will be ob 
Served that the positive bias which is applied to 
the tubes after they become extinguished is 
gradually built up rather than being applied in 
stantaneously after a predetermined delay as in 
the case of the receiving tubes. This type of op 
eration is equally as good as that obtained with 
the feed-back circuits previously described. 
The output circuits of these tubes also include 

apparatus similar to that previously described, 
and in addition there is included in each of 
these circuits, in series with the anodes of the 
respective tubes, primary windings 5 and 52 
of transformers 53 and 54, respectively. Since 
these tubes are driven under the control of pO 
tentials having a frequency twice the highest 
Signal reversal frequency, there will appear 
across the terminals of a pair of resistors 55 
and 56 an alternating current potential of 
twice the signal reversal frequency. This poten 
tial is applied to the input circuits of a pair of 
vacuum tubes 57 and 58 which may be of the 
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627 type or their equivalents. In each of the 
circuits for Space current of these tubes there is 
included one-half of the primary winding 59 of 
a transformer 60 and the secondary winding 
f 6f of the transformer 29. 
For the description of the function of the 

tubes 57 and 58, let us assume initially that 
the signals which are being repeated from the 
line W into the line E are perfect ones requir 
ing no i correction by the repeater. This, of 
course, is an ideal condition not practically re 
alizable in practice, but it is believed that the 
invention may be better understood if this ideal 
situation is aSSumed to exist. It will be remem 
bered that as the receiving tubes 25 and 26 are 
operated alternately in response to received sig 
nal reversals, a surge of current or a transient 
effect is produced in the primary winding 28 of 
the transformer 29 due to the action of the con 
mutating condenser 32. These surges are all of 
the same polarity and therefore produce by in 
duction a series of unidirectional impulses in the 
secondary winding 6 of this transformer. 
These impulses are of short duration and serve as 
the source of space current for the tubes 57 and 
58. The timing of these impulses under the 

ideal conditions assumed is such that they occur 
at the precise moment that a reversal of the 
input potentials applied to these tubes is occur 
ring. Hence, for example, the impedance of the 
tube 57 is at this time being increased and the 
impedance of the tube 58 is being decreased. 
Consequently, -the impulse which is generated in 
the transformer winding 6 will produce. in the 
secondary winding 62 of the transformer 60 
a transient which comprises a half cycle of One 
polarity followed by a half cycle of the Opposite 
polarity. This transient voltage is impressed 
upon a pair of conductors 63 which lead to the 
correcting circuits, the operation and function 
of which will be described presently. 
Once every other cycle of the alternating cur 

rent frequency, which is employed to drive the 
tubes 44 and 45, there is generated an im 
pulse in the winding 64 of the transformer 54. 
These impulses therefore occur at a rate which 
is substantially equal to twice the signal reversal 
frequency, and are impressed upon conductors 
57. This series of impulses comprise the first 
Scanning impulses previously referred to and are 
connected to the repeater in the anode circuits 
of the first pick-up tubes 50 and 5. The timing 
of these impulses is such that the received Sig 
nals which are employed to condition the first 
pick-up tubes are passed at the proper time to 
the storage. tubes 59 and 60. There is also gen 
erated in the secondary winding 65 of the trans 
former 53, a series of short impulses which is 
180° out of phase with the Series of first scan 
ning impulses or, in terms of the telegraph Sig 
nals, differ in time by one-half a baud. The im 
pulses generated in the winding 65 are employed 
for a purpose which will be described more fully 
in a Subsequent portion of the description. 
The alternating current potentials which are 

generated in the secondary winding 66 of the 
transformer 4 (see Fig. 6) are connected by 
means of conductors 67 to the input circuits of 
a pair of gaseous arc-discharge tubes 68 and 
69 (see Fig. 4). The input and output circuits 

of these tubes are substantially similar to those 
provided for the tubes 44 and 45 of Fig. 3. 
Likewise, they are operated at a frequency which 
is twice that of the highest signal reversal fre 
quency. The transformer 70 is connected with 
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its primary winding 7 in the output circuit of 
the tube 68 so that there is generated in the 
secondary winding 12 a series of impulses hav 
ing substantially twice the signal reversal fre 
quency. These impulses are connected to con 
ductors TO and are employed to provide space 
current for the second pick-up tubes 66 and 6. 
These impulses are the so-called second scan 
ning impulses previously referred to and con 
trol the timing of the retransmitted signals. 
There is connected to the anode of the tube 9 
the primary winding 73 of a transformer 4, 
the secondary winding 75 of which is utilized 
for a testing purpose to be described. 
The alternating current potentials of twice the 

signal reversal frequency which appear in the 
output circuits of the tubes 68 and 89 are 
connected to the terminals of a series arrange 
ment of a pair of resistances and T8. From 
these resistances are derived the input circuits 
of a pair of amplifier tubes 9 and feo. These 
tubes may also be of the 627 type or their equiva 
lents. The output circuits of these tubes are con 
nected to the terminals of a primary winding 
f 8 of a transformer 82. Space current for the 
tubes, is supplied over conductors 83 by the 
secondary winding f 5 of the transformer fis3. 
Thus, at a frequency approximately equal to 
twice the signal reversal frequency, there is com 
pleted a circuit for the flow of space current in 
either or both of the tubes 9 and 80. If it is 
aSSumed that the ideal conditions still obtain, 
there will be generated in the secondary winding 
84 of the transformer 82 a series of transient 

potentials comprising one half cycle of one po 
larity followed immediately by one half cycle 
of the opposite polarity. These transient po 
tentials are connected by means of conductors 
f85 to the frequency control circuits of Fig. 6 to 
which reference is now made. 
The impulses which are generated in the sec 

Ondary winding 62 in the transformer 60 are 
applied by means of conductors 63 to the in 
put circuit of an amplifier tube f86. This 
tube may be of the 6E6 type or its equivalent. 
The amplified impulses are impressed upon the 
primary winding 87 of a coupling transformer 
88, the secondary winding 89 of which is 
shunted by a resistance 90 for the purpose of 
regulating the amplitude of the impulses in 
duced therein. The induced impulses, if they 
are of Sufficient magnitude, are impressed upon 
an integrating network 9 by means of a dis 
charge device 92 which may be a neon tube. 
If the impulses are generated under the ideal 
conditions assumed, the voltage thereof will be 
insufficient to break down the neon tube 92. 
It will be Seen that this is of no material sig 
nificance since the impulses, being closely spaced 
in time with respect to one another and also 
being of Opposite polarity, Would therefore can 
cel one another if they were admitted to the 
integrating network. Consequently, in the ideai 
situation assumed there is no corrective action 
exerted upon the phasing frequency generator. 
There is a similar arrangement of apparatus to 

correct the transmitting frequency generator and 
includes an amplifier tube 93, the input of 
which is connected by means of conductors 85 
to the Secondary winding 84 of the transformer 
82. The amplified impulses are impressed upon 
another integrating network 94 by means of a 
transformer f 95 and a neon tube 96. 

Before proceeding with the description of the 
operation of the apparatus described up to this 
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point under actual operating conditions, it is be 
lieved that a theoretical consideration of the ape 
paratus employed for altering the frequencies of 
the two generators used in the system may lead 
to a better understanding of the operation of the 
specific apparatus employed to control these fre 
quencies. For this purpose reference will be made 
to Fig. 7. There is shown schematically an os 
cillator 97 which is provided with a primary 
Source of energy comprising the tank T. and two 
secondary Sources of energy comprising respec 
tively the tanks TL and Tc. The primary tank 
T is capable of Sustaining oscillations when act 
ing alone at a frequency which is determined by 
the resonant frequency of the condenser 98 and 
the inductance 99 comprising this tank circuit. 
The secondary tank circuit TL also comprises a 
condenser and an inductance and is tuned for 
resonance at a point which is a predetermined 
amount above the resonant frequency of the pri 
mary tank T. Similarly, the secondary tank To 
is tuned for resonance by the same predetermined 
amount bellow the resonant frequency of the pri 
mary tank. The two Secondary tanks are in 
cluded respectively in the output circuits of vac 
uum tubes 200 and 20. Both of these tubes are 
excited at the oscillator frequency by means of 
coils 202 and 203 which are coupled to the in 
ductance 99 of the primary tank circuit T. 
There are also provided in the input circuits of 
the tubes biasing arrangements whereby the tube 
impedances may be varied in any desired man 
ner, for example the switches 204 and 205 in their 
upper positions bias the grids of the two tubes 
equally. It may be seen that this is accomplished 
by connecting the two-unit battery 206 between 
the grid and cathode of the tube 200. Likewise, 
the one-unit battery 207 is connected in series 
with another one-unit battery 208 between the 
cathode and grid of the tube 20. When the 
switches 204 and 205 are placed in their lower 
positions, the battery 207 is connected in series 
with the battery 206, thereby furnishing three 
units of biasing potential to the tube 200. Also, 
with the switches in their lower positions it may 
be seen that the tube 20 is biased only by the 
potential of the one-unit battery 208. The out 
put circuits of the tubes 200 and 20 are com 
bined and coupled by means of resistances 209 
and 20 to the output circuit of the oscillator 97. 
Therefore, in addition to the energy which is 
supplied by the primary source T, the oscillator 
is furnished with energy from the two secondary 
Sources including the tanks TL and Tc. 
The operation of the frequency contro circuits 

will be described with reference to FigS. 8 and 9. 
Fig. 8 is a vector diagram which shows graph 
ically the relations existing between some of the 
voltages and currents present in the circuits of 
Fig. 7 at a time when a state of equilibrium ex 
ists. In order to simplify the diagram as much 
as possible, it is assumed that only a fractional 
part of the output voltage of the Oscillator is 
employed to excite the vacuum tubes 200 and 20. 
It is further assumed that this exciting voltage 
when amplified by the amplification factor of 
the tubes is equal to the output voltage of the 
oscillator. This voltage may then be considered 
as the driving voltage necessary to produce a, 
current flow in the output circuits of the vac 
uum tubes. Consequently; this driving voltage 
is represented in Fig. 8 as the vector Er and 
is used as the reference vector for all others 
shown in this diagram. Considering first the 
output circuit of the tube 200, it may be seen 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

that, since the tank TL is tuned for resonance 
at a frequency higher than the frequency of the 
driving voltage in the circuit, it acts as an in 
ductance. Consequently, the current flowing in 
the output circuit of the tube is lagging with re 
Spect to the driving voltage Et and is represented 
in the diagram by the vector 1. It is assumed 
that the resistance which is present in the out 
put circuit of the tube 200 is represented by the 
impedance of the tube. Obviously, other re 
sistances may be inserted in the circuit without 
changing the fundamental operating character 
istics thereof. Since the impedance of the tube 
is all resistance, the voltage drop across the tube 
is in phase with the current. This voltage drop 
is not shown in the diagram but the reacton 
voltage of the tube which is equal in magnitude 
and opposite in phase to the voltage drop is rep 
resented by the vector IRT1. The constants of 
the tank TL are so chosen that the inductance 
predominates over the resistance. Consequently, 
the voltage drop E1 across the tank T. leads the 
current I1 by an angle which approaches 90. 
Also, the reaction voltage of the tank is equal to 
the voltage drop across the tank and is Opposite 
to it in phase, and is represented by the vector 
ITI. The total reaction in the circuit is ob 
tained by adding the vectors IiPRT and ITL, and 
is represented by the vector -ET which, it will 
be observed, is equal and opposite in phase to 
the driving voltage E.T. 
A similar analysis can be made of the output 

circuit of the tube 20 in which is included the 
tank To which acts as a capacity since it is tuned 
for resonance at a frequency below that of the OS 
ciliator f 97. Since both of the secondary tanks 
are detuned by the same amount from the OScil 
lator, the effects produced in the circuits are 
equal. Therefore, the current flowing in the out 
put circuit of the tube 20 may be represented 
by the vector 12 which may be seen to lead the 
driving voltage Er by the same angle as the vec 
tor I1 lags this voltage. The reaction Voltage of 
the tube 2 is represented by the vector IRT 
and is equal and opposite in phase to the voltage 
drop (not shown) across the tube which is in 
phase with the current I2. Similarly, the voltage 
drop E2 across the tank To lags the current I2 
by an angle which approaches 90. The reac 
tion voltage of the tank To is represented by the 
vector ITc which is equal to E2 and opposite in 
phase. The sum of the reaction voltages I2RT 
and ITo is equal to the driving voltage ET and 
opposite thereto in phase and is represented by 
the vector -ET. 
Since the yoltages developed across th sec 

ondary tanks are combined and added to the out 
put voltage of the oscillator, this feed-back volt 
age may be represented by the vector EFB which 
is the vector Sum of the voltages E1 and E2. It 
may be seen that this feed-back voltage is in 
phase with the oscillator voltage ET. Therefore, 
they are combined additively to produce a voltage 
which may be represented by the vector Eo which 
is the voltage applied to the load circuit Sup 
plied by the Oscillator. Under these conditions, 
with the feed-back voltage in phase with the Os 
cillator output voltage, a state of equilibrium 
exists and so long as the circuit constants are 
unchanged and the tubes maintained with equal 
biases on their grids, the Oscillator will continue 
to operate at a fixed frequency. 

If the switches 204 and 205 are placed in their 
lower positions to increase the positive bias on 
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the tube 20 and simultaneously decrease the 
positive bias on the tube 20, there will be pro 
duced changes in the output circuit of these tubes 
which will be analyzed by having reference to 
Fig. 9. The driving Voltage vector Er is again 
used for reference. Since the positive bias of 
the tube 200 has been increased, the impedance 
of the tube is decreased. - No change is made in 
the impedance of the tank circuit Ti, which acts 
as an inductance. Consequently, this element of 
the circuit exerts a greater control over the phase 
of the current flowing in the circuit with re 
spect to the voltage and this current I'll now 
lags the Voltage ET by a greater angle than in 
the previous case. There is also an increase in 
the magnitude of the current because of the de 
creased total impedance of the circuit. The in 
crease in the magnitude of the current and the 
decrease in the impedance of the tube combine 
to produce a tube reaction voltage which is 
slightly less than in the previous case. This re 
action voltage is represented by the vector I'1'T. 
Also, because of the increase in the magnitude 
of the current, the reaction voltage of the tank 
TI, which is represented by the vector I'TL is in 
creased. It may be seen that the sum of these 
two reaction voltages is again equal and opposite 
in phase to the driving voltage Er. 
be observed that the voltage drop across the tank 
Ti, represented by the vector E1 is also in 
creased. In the circuit of the tube 20 the re 
verse conditions are present, that is, the current 
I'2 is smaller and more nearly in phase with the 
voltage ET. Also, the tube reaction voltage 
I'2R'T is slightly increased and changed in phase. 
In addition, the reaction voltage of the tank To 
is decreased as shown by the vector I'To. Again 
it Will be observed that the Summation of the vec 
tors I'2RT and I'2Tc is equal and opposite in 
phase to the voltage ET. Now it may be seen 
that the voltages E1 and E2 developed across 
the respective tanks TL and Tc when combined 
produces a feed-back voltage E'FB which leads in 
phase with respect to the oscillator voltage Er. 
Consequently, the voltage which is supplied to 
produce oscillation is the vector sum of the volt 
ages Er and EFB and is represented by the vector 
E'o. Also this voltage is seen to lead the voltage 
ET. Of the primary tank T. and therefore the fre 
quency of oscillation is increased. 
While the unsymmetrical bias conditions are 

maintained on the tubes 200 and 20, the oscil 
lator frequency will increase until a second state 
of equilibrium is obtained. Since the tubes are 
being excited at the Oscillator frequency, the 
higher the frequency becomes the more nearly 
the resonant frequency of the tank TL is ap 
proached and the greater the deviation from the 
resonant frequency of the tank To becomes. It 
will be obvious that, as the frequency increases, 
the current flowing in the output circuit of the 
tube 200 decreases and the current in the output 
circuit of the tube 20f increases. The reason for 
this is that the impedance of the tank T. in 
creases with an increase in frequency while that 
of the tank To decreases. It is evident that 
ultimately the frequency will reach a point at 
which a balance is restored between the two out 
put circuits, at which point the currents flowing 
in these circuits will again be equal in magnitude 
and will lag and lead, respectively, the driving 
voltage by the same angles. These are the con 
ditions which are represented by the vector dia 
gram of Fig. 8 and it has been demonstrated that 
the feed-back voltage under these conditions is in 
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2,333,281 
phase with the oscillator voltage and stable con 
ditions exist. 

It is believed that it will be obvious to those 
skilled in the art that an increase in the positive 
biasing of the tube 20 and a corresponding de 
crease in the positive biasing of the tube 200 will 
be effective to produce a feed-back voltage which 
is lagging with respect to the oscillator voltage. 
This condition will result in a decrease in the os 
cillator frequency until a new frequency is 
reached at which stable conditions again will 
exist. Thus, it is evident that such a system pro 
vides an almost instantaneous efect upon the 
Oscillator in response to a change in the biasing 
of the vacuum tubes employed. 

Having reference again to Figs. 5 and 6, there 
is shown a vacuum tube 2 which is provided 
with an input circuit connected between its grid 
and cathode which includes a portion of a po 
tentiometer 22 and the integrating network 9. 
The potentiometer 22 is connected across the 
terminals of a secondary winding 23 of the 
transformer 9. Consequently, the tube 2 is 
driven at a frequency which is equal to that of 
the oscillator 80. The integrating network 9 
serves as the means for altering the bias applied 
to the grid of the tube 2 in a manner which will 
be disclosed presently. The output circuit of 
this tube is connected across the terminals of 
the battery 82 and includes a resistance 24, a 
tank circuit 2 ft, and the space discharge path 
of the tube 2. The resistance 24 is shunted 
by a condenser 26, the purpose of which is to 
bypass the high frequency currents around the 
resistance. There is also connected across the 
terminals of the battery 82 a voltage divider in 
cluding the resistance 24 and resistances 2f 
and 28 and a portion of a potentiometer 219 
which is connected to another secondary winding 
220 of the transformer 96. 
There is also provided in the phasing fre 

quency corrector another Vacuum tube 22 Which 
is provided with an input circuit connected be 
tween its grid and cathode and which includes 
the resistance 28 and a portion of the poten 
tiometer 29. The output circuit of this tube is 
connected across the terminals of the battery 82 
and includes a resistance 222, a tank circuit 
223 and the space discharge path of the tube. 
The resistance 222 is shunted by a condenser 224 
for the purpose of providing a low impedance 
path for the high frequency currents. 
The tank circuit 2 5 constitutes a secondary 

tank circuit which is turned for resonance at a 
frequency which is higher than that of the pri 
mary tank circuit 86-87 of the oscillator 80. The 
tank circuit 223 forms the other secondary tank 
circuit and is tuned for resonance at a frequency 
which is lower than that of the primary tank 
circuit associated with the oscillator 80. Hence, 
as far as the alternating currents are concerned 
the tank circuit 25 acts as an inductance and 
the tank circuit 223 acts as a capacity. These 
two secondary tank circuits are connected respec 
tively through resistances 225 and 226 and are 
connected through a direct current blocking con-. 
denser 22 to the primary tank circuit 86-87, 
The correcting action of the phasing frequen 

cing corrector circuits outlined above will be de 
scribed by assuming that conditions of equilib 
rium obtain and the oscillator 80 is operating 
at a gliven frequency. If now one or more cor 
recting impulses are impressed upon the integrat 
ing network 9 from the transformer 60 of 
Flg. 3 and these impulses are of the same po 
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larity, the grid bias of the tube 2 is changed. 
If the impulses are of such a nature that the 
grid of the tube 2 fl is more positively biased, 
the tube will pass more current. An increase 
in the current flowing in the plate circuit of 
the tube 2 decreases the positive potential of 
the point 228. Since this point is connected 
through the resistance 2 to the grid of the 
tube 22, the grid of this tube is made less posi 
tive with respect to its cathode, thereby reduc 
ing the current flowing in its output circuit. 
The increase of current flowing in the inductive 
tank circuit 25 and the decrease of the current 
flowing in the capacitative tank circuit 223 with 
the attendant phase shifts of these currents with 
respect to the driving Voltage results in the feed 
back to the primary tank circuit 86-87 of the 
oscillator 80 of energy leading in phase with re 
spect to the primary tank circuit energy, to pro 
duce an increase in the frequency of the alter 
nating current generated by the oscillator in 
accordance with the theory of operation out 
lined hereinbefore. As previously described, this 
increase in frequency produces changes in the 
phasing frequency corrector circuits of Such a 
nature that equilibrium is again established to 
inaintain the frequency at this new point. 
Obviously an increase in the frequency gener 

ated by the oscillator 88 will produce an increase 
in the phasing frequency which is derived from 
the combination of the outputs of Oscillators 8C 
and 9 because the frequency of the latter gen 
erator remains constant. 
The correcting inpuises which are to be used 

to control the frequency of the transmitting 
frequency generator are applied to the integrat 
ing network 94. This network serves to vary 
the bias of a vacuum tube 229. The input cir 
cuit for this tube includes a portion of the po 
tentionetter 23 which is connected to a second 
ary winding 23 of the transformer 69 and 
also the integrating network 94. The output 
circuit of this tube is connected across the ter 
minals of the battery 82 and includes a resist 
ence 232, a secondary tank circuit 233 which 
is arranged to act as an inductance and the space 
discharge path of the tube. The resistance 232 
is shunted by a condenser 236 for the purpose of 
providing a low impedance path for the high 
frequency currents. A tube 235 is also included 
in the transmitting frequency corrector and is 
nrovided with an input circuit including a, por 
tion of the potentiometer 236 which is connected 
across- another secondary winding 237 of the 
transformer O9. The output circuit of this 
tube includes a resistance 238 connected in se 
ries with a secondary tank circuit 239 which is 
arranged to act as a capacity. The resistance 
238 is shunted by a condenser 240 to bypass the 
high frequency currents. 
The impedance of the tube 229 is altered in 

accordance with the correcting impulses which 
are applied to the integrating network 94 by 
the transformer 82. The grid of the tube 235 
is Oppositely biased in a manner similar to the 
biasing of the tube 22. The energy components 
derived from the secondary tank circuits 233 and 
239 are combined and connected through the 
direct current blocking condenser 24 to the pri 
mary tank circuit i 2 associated with the oscil 
lator 04. The control of the frequency of this 
oscillator is effected in substantially the same 
manner as that of the oscillator 80. Conse 
quently, any change in the frequency of the 
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0 realizable in practice. 

1. 
oscillator 04 results in a change in the frequency 
of the transmitting frequency generator. 
So long as the signals which are being received 

from the line W are not subjected to influences 
which produce phase shifts, the phasing fre 
quency generator and the transmitting frequency 
generator are maintained constant both as to 
frequency and their mutual phase relationship. 
However, Such ideal conditions are not easily 

Therefore, the operation 
of the repeater will be described under conditions 

• Which are met in operating the system over line 
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wires which are subject to interference. 
For the consideration of one phase of the op 

eration of the repeater, assume that the periodic 
device which is employed to time the transmis 
Sion of the signals from the remote station con 
nected to the line W is maintained constant. 
Under these conditions, the only phase shifts 
which may be present in the signals that are re 
ceived from this line by the apparatus herein 
disclosed are those which are produced by inter 
ference effects, such as, the introduction into the 
Signals of extraneous currents. Suppose that 
the arrival time of a given signal is later than 
its immediate predecessor, which was a perfectly 
timed signal. At the time of the reversal pro 
duced by the late-arriving signal, an impulse is 
generated in the secondary winding 6 of the 
transformer 29. This impulse is employed by the 
phase comparator comprising the tubes 57 and 
58 and their associated circuits to generate a 

correcting impulse in the secondary winding 62 
of the transformer 60. Since the impulse gen 
erated in the winding 6 occurs at a time which 
is later than normally, the phase comparator tube 
57 will be conditioned for the conduction of 

Space current. The amplitude of the correcting 
impulse is sufficient, when amplified, to break 
down the neon lamp 92. The polarity of the 
correcting impulse generated in the transformer 
Winding 62 is such that an impulse of negative 
polarity is applied through the neon lamp f 92 
to the integrating network 98. As previously 
described, Such a condition tends to produce a 
change in the frequency of oscillation of the os 
cillator 80 of such a nature that the frequency of 
the phasing frequency generator tends to be 
decreased. In actual practice, the System is best 
arranged to require a SucceSSion of a Small num 
ber of like impulses to be generated before a 
change in the frequency of the generator is 
produced. However, it is thought that the opera 
tion may be better understood if it is assumed 
that this change in frequency is made substan 
tially instantaneously so that the next half cycle 
of the phasing frequency is slightly delayed. 
When it does occur, the tube 45 is rendered 
Conducting and the surge of Space current 
through the Winding 52 of the transformer 54 
generates the first scanning impulse in the wind 
ing 64. This impulse is generated at a time 
which is approximately one-half a baud, or signal 
inpuise, later than the arrival time of the Signal. 
In accordance with the polarity of the received 
signal, the first Scanning impulse which is in 
pressed by conductors 57 upon the anode circuits 
of the first pick-up tubes 50 and 5f results in the 
operation of one of the storing tubes 59 or 60. 
At a time, equal to the time delay of the received 
signal less than one-half a baud, after the opera 
tion of the storing tubes, the signal is passed to 
the transmitting tubes 72 and 73 for transmis 
sion over the line E. In other words, there is no 
change made in the spacing of the retransmitted 
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signals, even though a change has occurred in the 
received signals and a corresponding change has 
been made in the phasing frequency generator. 
One-half cycle of the phasing frequency later 

than the generation of the first scanning impulse, 
the tube 44 is rendered conducting to generate 
in the winding 65 of the transformer f 53 a com 
parison impulse which is employed by the phase 
comparator including tubes 79 and 80 for the 
purpose of comparing the phase relations of the 
phasing frequency and transmitting frequency 
generators. Since a slight change has been made 
in the frequency of the phasing frequency gen 
erator prior to the comparison, a Small phase 
difference will be detected and a correcting im 
pulse generated in the secondary winding 84 
of the transformer 82. This correcting impulse 
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is utilized to apply an impulse to the integrating 
network 94 of such a polarity (in this case 
negative) that a tendency is produced to decrease 
the frequency of the transmitting frequency gen 
erator. However, the integrating network is ar 
ranged So that One Such impulse is virtually in 
effective to produce any change in the frequency 
of the transmitting frequency generator. Conse 
quently, when one late-arriving signal is retrans 
mitted over the line E, there is no difference in 
the timing interval between it and its predecessor 
than in any of the previously transmitted signals. 
The reason for Such an arrangement will be 

apparent when it is considered that the arrival 
time of the following signal may be early with 
respect to the signal just considered, or early 
even with respect to a perfectly timed signal. In 
either case, a discrepancy between the phase of 
the early arriving signal and the phasing fre 
quency generator will be detected by the phase 
comparator including the tubes 57 and 58 and 
an appropriate correcting impulse applied to the 
phasing frequency corrector to increase the fre 
quency of the phasing frequency generator. Thus, 
it is seen that so long as the frequency of the 
originally transmitted signals is unchanged, phase 
differences occurring in the individual signals as 
they are received at the repeater are continually 
operating to correct the phasing frequency gen 
erator so that it may be kept in step with each 
individual signal. At the same time, Substan 
tially no change is made in the frequency of the 
transmitting frequency generator, with the result 
that the retransmitted signals are unchanged as 
to their spacing from one another in point of 
time. 
Suppose now that the frequency of the Origi 

nally transmitted signals begins to drift in One 
sense or the other, say the tendency is for the 
frequency to decrease. Then, aside from the ef 
fects of fortuitous disturbances on the received 
signals, each signal will arrive later than its pred 
ecessor. Hence, the operation of the phasing 
frequency corrector effects a decrease in the fre 
quency of the phasing frequency generator. Con 
sequently, there is a succession of like correcting 
impulses generated in the winding 84 of the 
transformer 82, which produces an accumulation 
of impulses in the integrating network 94 which, 
after a period of time, becomes effective to alter 
the frequency of the transmitting frequency gen 
erator. This change, however, is of such a gradual 
nature that a slow change is made in the fre 
quency of the retransmitted signals. Therefore, 
there is a minimum of distortion of a phase shift 
ing character produced in the retransmitted 
signals. 
In operating a synchronous telegraph System 
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of the multiplex type, it is the practice at times 
when no signals are being transmitted to period 
ically reverse the polarity of the potential which 
is applied to the line circuit. These reversals 
occur at a frequency which is substantially less 
than that of the highest telegraph signal re 
Versals and are for the purpose of maintaining 
Synchronism between the terminal apparatus. 
These Synchronizing reversals are also effective 
to maintain synchronism between the terminal 
apparatus and the equipment of any repeaters 
included between the two terminals which em 
ploy periodic timing mechanisms. One such re 
peater is that in which the present invention is 
embodied. Instead of the relatively low frequency syn 
chronizing alternating current which is trans 
mitted, it is necessary at other times to transmit 
alternating current signals having a frequency 
Substantially equal to the telegraph signaling 
frequency. For example, when the system is 
being lined up, it is the practice for each repeater 
Station to transmit alternating current at signal 
ing frequency to the next repeater station or to 
a terminal station in order that the attendant 
at the remote station may balance his artificial 
line while he is receiving at his station the signal 
frequency alternating current. It sometimes be 
cones necessary to make such a line-up at times 
when telegraph signals are being received from 
the opposite end of the circuit. In any event, 
it is necessary to prevent either the telegraph 
signals or the Synchronizing reversals being re 
ceived from the opposite direction from being 
transmitted to the station at which the line-up 
is being made. 

In the regenerative repeater disclosed herein 
there are two sources of alternating current, but 
each has a frequency which is twice that of the 
highest signal reversal frequency. In order to 
utilize the alternating current derived from one 
of these local sources, it thus becomes necessary 
to halve the generated frequency in order to 
transmit alternating current at the telegraph 

45 signaling frequency. This is accomplished by 
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utilizing the operating characteristics of the 
transmitting apparatus including the gas dis 
charge tubes and the delayed action positive 
feed-back circuits with which these tubes are 
provided. 
Having reference again to Fig. 4, the manner 

in which one of the local sources of oscillations is 
employed to operate the transmitting tubes 2 
and 13 will be described. When it is desired to 
transmit to the remote station connected to the 
line E alternating current at signaling frequency, 
a switch 242 is moved to the left. It may be 
Seen that by this operation the secondary wind 
ing 1l of transformer 69 is short circuited, there 
by preventing any of the signals received from the 
line W from affecting the operation of the trans 
mitting tubes and at the same time the input cir 
cuits of the transmitting tubes are connected in 
multiple. Also, the connection from the mid 
point of the secondary winding Ti to the common 
cathode circuit is connected to include the sec 
Ondary winding 75 of the transformer 74. 
There is induced in the winding 75 a series of 
unidirectional impulses at a frequency equal to 
twice the telegraph signaling frequency. The 
Winding is connected so that this series of im 
pulses periodically renders the grids of both of 
the transmitting tubes 72 and 73 positive with re 
Spect to their associated cathodes. 
The operation of the transmitting tubes to 
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transmit signal frequency alternating current to 
the line E will be described by assuming that the 
tube 2 is conductive and the tube 93 is 
nonconductive. The space current of the tube 
2 flowing through the connoia Cathode re 

sistance applies a fixed negative bias to the grid 
of the tube 73 as described. Also, a predeter 
mined time after the extinction of the arc in the 
tube 73 a positive bias is also impressed upon the 
grid of this tube by means of the delayed action 
network. In accordance with the foregoing de 
scription of these circuits this time is approxi 
mately equivalent to one-half of the baud time. 
Both of the transmitting tubes are provided with 
such networks, the operation of which has been 
described previously. As described, the combi 
nation of the negative and positive biases is in 
sufficient to operate the tubes. Therefore, until 
one of the impulses is generated in the Secondary 
winding 75 of the transformer , the trans 
mitting tube 73 remains unoperated. However, 
when the next impulse is generated by the trans 
former and positive potential with respect to 
the cathodes is applied to the grids of the trans 
mitting tubes, the tube a 2 Which is already op 
erated is unaffected, but a discharge is initiated 
in the unoperated tube 3. It should be noted 
that the impulses which are applied to the input 
circuits of these tubes are of relatively short 
duration, somewhat less than one-half a Signal 
baud. Consequently, it is after the termination 
of the impulse that the delay network operates 
to apply positive feed-back potential to the tube 
72 which was extinguished by the operation of the 
tube 3. However, it is important to understand 
that the magnitude of the impulse is insufficient 
to re-operate the tube 72 without the aid of the 
positive feed-back potential. Therefore, So long 
as the time delay introduced by the network is 
greater than the time duration of the impulse, 
only one tube will be operated by one impulse. 
Thus, it is seen that the succession of unidi 

rectional impulses applied simultaneously to the 
input circuits of the transmitting tubes produces 
the alternate operation of these two tubes. 
Therefore, the signals which appear in the in 
put circuits of the transmitting tubes and which 
are transmitted over the line E have a frequency 
which is exactly one-half of that of the impulses 
impressed upon the input circuits of the tubes. 
The foregoing description of the frequency 

divider circuits employed in the regenerative 
repeater is concerned only with the fundamental 
or essential elements. Reference has been made 
to a series of unidirectional impulses employed 
to operate the transmitting tubes 72 and 73 in 
the manner described. Actually there are ap 
plied to the multipled input circuits of these 
tubes other potentials which are inactive as far 
as these circuits are concerned, and therefore 
have no effect upon the operation of the trans 
mitting tubes. These other potentials are uni 
directional impulses of opposite polarity to those 
utilized by the tubes and are spaced 180 elec 
trical degrees therefrom. It will be apparent 
that the inactive, as well as the active, Series of 
unidirectional impulses is derived from the Sec 
ondary winding 75 of the transformer 74 when 
it is considered that the tubes 68 and 69 are 
operated alternately and instantaneously in re 
sponse to a sinusoidal alternating current po 
tential. Therefore, there is produced in the out 
put circuits of these tubes a substantially Square 
topped alternating current. At the beginning 
of each of the alternate half-cycles of the out 
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put alternating current there is produced by 
induction in the secondary winding 25 of the 
transformer at a transient voltage of one 
polarity and of relatively short duration. Also, 
at the end of each of these alternate half-cycles 
there is produced in the transformer Secondary 
winding a transient voltage of the opposite 
polarity and of relatively short duration. The 
transient voltages developed in the Winding 75 
are in pressed upon the multipled input circuits 
of the transmitting tubes 2 and 3. It will be 
obvious to those skilled in the art that only those 
impulses which render the grids positive With 
respect to their associated cathodes are effective 
in these circuits. The other series of impulses 
which render the grids negative with respect to 
the cathodes does not affect the operation of the 
transmitting tubes in any Way. 
Thus, it should be apparent that the impres 

sion of alternating current impulses of the char 
acter described upon the input circuits of the 
transmitting tubes connected in parallel will re 
sult in the production in the output circuits Of 
these tubes of an alternating current having a 
frequency which is the second sub-harmonic of 
the alternating current applied to the input cir 
cuits. 
The frequency divider connected and adjusted 

as described utilizes a Series of relatively short 
impulses for its successful operation. If, instead 
of adjusting the delay networks connected to 
these tubes So that the positive feed-back poten 
tials are applied to the grids of the tubes With a 
time delay equal substantially to one-half a 
baud, they are adjusted to produce a time delay 
equal to slightly more than one-half a baud, Say 
three-quarters of a baud, each of the impulses 
may comprise a complete half cycle of the alter 
nating current applied to the input circuits of 
the tubes. Such an arrangement will permit the 
operation of the transmitting tubes 2 and 73 
in response to an alternating current input hav 
ing substantially any constant wave form to pro 
duce in the output circuit of the tubes an alter 
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nating current having a frequency which is eX 
actly half of the frequency of the input alternat 
ing current. Such an arrangement Would per 
mit the elimination of the tubes iß8 and 169 
and their associated apparatus. In this case, the 
alternating current which is applied to the grids 
of these tubes by means of conductors f6 Would 
be utilized in place of the impulses derived from 
the secondary winding 75 of transformer 4. 

It will be apparent to those skilled in the art 
that, by suitably adjusting the delay networks to 
produce a time delay in the impression of the 
positive feed-back potential equal to slightly leSS 
than the time required for one half cycle of the 
desired alternating current, other Sub-multiples 
of an alternating current may be obtained. For 
example, the delay can be made equal to Slightly 
less than two bauds. In this case, the first posi 
tive impulse operates one of the transmitting 
tubes, Say the tube 3. The Second pOSitive im 
pulse which is spaced in time One baud from the 
first impulse is ineffective since the positive feed 
back potential is absent at the time. However, 
this biasing potential is present by the time that 
the third positive impulse is impressed upon the 
input circuits of the tubes and causes the oper 
ation of the tube 72. Thus, it is seen that Once 
every fourth half cycle of the input alternating 
current, there is produced one half cycle of the 
output alternating current or, in other Words, the 
input alternating current is divided by four, 
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The frequency divider disclosed herein is sus 

ceptible of use with any thermionic device ar 
ranged to operate as a trigger device. Such oper 
ation is an inherent characteristic of the gaseous 
arc discharge tubes employed in the present re 
peater. However, other thermionic tubes in 
which the anode current is at all times under 
the control of the grid element may be arranged 
to operate as trigger tubes by connecting them in 
accordance with the instant disclosure. For ex 
ample, the two tubes 59 and 60 of Fig. 3 con 
nected as shown with inverse biasing circuits may 
also be provided with the delayed action positive 
feed-back circuits with which the gas-filled tubes 
shown herein are provided. When thermionic 
vacuum tubes, preferably tubes having high ann 
plification factors, are connected in this manner, 
their operation in response to critical potentials 
is substantially similar to the operation of gas 
eous arc discharge tubes. In this case, it may be 
desirable to suppress those impulses which render 
the grids negative with respect to the Cathodes, 
such as by shunting the transformer winding 5 
with a suitably poled rectifier. Therefore, it is 
apparent that the frequency divider apparatus 
shown and described in detail is not necessarily 
limited to the actual apparatus and connections 
shown. Instead, it is Susceptible of a much 
broader use in accordance with the foregoing out 
line of other modifications thereof. 
The repeater circuits described herein may be 

duplicated and connected between the lines E 
and W in the reverse manner to those disclosed 
in order that westbound signals traversing the 
circuit between the two remote stations may be 
regenerated also. In that case, the Westbound 
receiver 243 is connected as shown to the ter 
minating impedance 18 associated with the line 
E. Connections are made from the receiver 243 
to the westbound regenerator 244 and thence to 
the westbound transmitter 45. This transmitter, 
in turn is connected to the apex of the terminat 
ing impedance 24 associated with the line W. 
Both eastbound and westbound repeaters func 
tion independently so that full duplex operation 
of the System is effected. 

While the invention has been disclosed in 
what, at present, is considered a preferred en 
bodiment, it is not contemplated that the inven 
tion be limited to the specific instrumentalities 
illustrated. For example, the types of tubes en 
ployed herein have been designated so as to en 
able one skilled in the art to practice the in 
vention. However, it is obvious that other types 
of tubes may be employed, together with cor 
respondingly different values of impedances, 
potentials, and so forth, without departing from 
the spirit of the invention. Accordingly, the 
scope of the invention is defined in the appended 
claims. 
What is claimed is: 
1. In an electronic regenerative repeater for 

relaying marking and spacing telegraph signals 
between two line circuits, a signal receiver as 
sociated with one of said lines, a signal trans 
mitter associated with the other of said lines, a 
chain of electronic devices, means including said 
devices to relay said marking and Spacing sig 
nals from said receiver through Successive ones 
of said devices to said transmitter, and means 
operating in substantial synchronism with said 
received signals for periodically operating said 
electronic devices in an invariable Succession. 

2. In an electronic regenerative repeater for 
relaying telegraph signals between two line cir 
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cuits, means including an electronic device for 
receiving signals from one of said line circuits, 
means including a second electronic device for 
transmitting signals to the other of said line cir 
cuits, means including a tandem circuit of a plu 
rality of other electronic devices connected be 
tween said receiving and said transmitting 
means to relay said signals, said tandem circuit 
being normally incomplete at two points, and 
means operating in substantial synchronism with 
said signals for periodically completing said tan 
dem circuit alternately at said two points. 

3. In an electronic regenerative repeater for 
relaying telegraph signals between two line cir 
cuits, a signal receiver connected to one of said 
lines comprising a pair of oppositely poled gase 
ous arc-discharge receiving tubes connected to 
be operated alternately by said signals and a first 
pair of vacuum tubes connected to be conditioned 
alternately for operation by said arc-discharge 
tubes; a signal Storer Comprising a pair of stor 
age vacuum tubes connected to be operated al 
ternately by said first pair of vacuum tubes and 
a second pair of vacuum tubes connected to be 
conditioned alternately for operation by said 
storage tubes; a signal transmitter connected to 
the other of said lines comprising a pair of op 
positely poled gaseous arc-discharge transmit 
ting tubes connected to be operated alternately 
by said second pair of vacuum tubes; and means 
operating in substantial synchronism with said 
signals to complete alternately the operation of 
said first and second pairs of vacuum tubes. 

4. In a telegraph signaling System, a source 
of signals, a repeater for said signals compris 
ing a signal receiver connected to one line cir 
cuit, a signal transmitter connected to a second 
line circuit, signal transfer apparatus, means for 
connecting periodically said transfer apparatus 
alternately to said receiver and to Said trans 
mitter, means to vary the periodicity of said re 
ceiver connections in response to instantaneous 
phase differences of said signals, and means to 
vary the periodicity of said transmitter con 

5 nections in response to average phase differ 
ences of said signals. 

5. In a telegraph system, a source of telegraph 
signals, a repeater for receiving said telegraph 
signals from one line circuit, regenerating said 
signals both as to amplitude and as to phase and 
retransmitting said regenerated signals to a sec 
ond line circuit, two periodic devices normally 
operating in Synchronism to time the repetition 
of Said signals, means responsive to instantaneous 
aSynchronism of Said received signals with re 
Spect to one of said devices to change the pe 
riodicity of said one device, and means responsive 
to a Sustained asynchronism of said received sig 
nals with respect to the other of Said devices to 
change the periodicity of said other device. 

6. In a regenerative repeater for telegraph sig 
nals, a signal receiver connected to an incoming 
line, a signal transmitter connected to an outgo 
ing line, a signal storer having input and output 
circuits, periodic means for alternately connect 
ing Said input and output circuits respectively to 
said receiver and to said transmitter, and means 
for varying the periodicity of one of Said series 
of connections independently of the periodicity of 
the other of said series of connections. 

7. In a regenerative repeater for relaying tele 
graph signals between two line circuits, a signal 
receiver connected to one of said lines, a signal 
transmitter connected to the other of said lines, 
instrumentalities having input and output cir 
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cuits for storing one signal at a time, means for 
periodically connecting said input circuit to said 
receiver, means for periodically connecting said 
output circuit to Said transmitter, said two peri 
odic means being normally operated in time 
quadrature with respect to said signals, and 
means for varying the periodicity of Said input 
circuit-connecting means independently of Said 
output circuit-connecting means. 

8. A regenerative repeater for telegraph sig 
nals comprising means for receiving signals, 
means for storing said received signals, means 
for retransmitting said stored signals, a phasing 
frequency generator to time the relaying of said 
signals from said receiving means to Said Storing 
means, a transmitting frequency generator to 
time the relaying of Said signals from said storing 
means to said retransmitting means, means for 
determining the phase relation of said received 
signals with respect to said phasing frequency 
generator, means responsive to a discrepancy in 
said relation to correctively vary the frequency 
of Said phasing generator, means for determining 
the phase relation of Said phasing generator With 
respect to said transmitting generator, and 
means responsive to a cumulative discrepancy of 
said last named phase relation to correctively 
vary the frequency of said transmitting gen 
erator. 

9. A regenerative repeater for telegraph Signals 
comprising a signal receiver, a signal storer, a 
signal transmitter, a phasing frequency gener 
ator to time the relaying of said received signals 
to Said signal storer, a transmitting frequency 
generator to time the relaying Of Said Stored Sig 
nals to said signal transmitter, a first phase 
comparator for detecting aSynchronism between 
Said received signals and Said phasing frequency 
generator, a phasing frequency corrector respon 
sive to said detected asynchronism to vary the 
frequency of said phasing frequency generator 
in a manner tending to rectify said asynchronism, 
a second phase comparator for detecting asyn 
chronism between said generators, and a trans 
mitting frequency corrector responsive to Said 
detected generator aSynchronism to vary the 
frequency of Said transmitting frequency gener 
ator in a manner tending to rectify said generator 
aSynchronism. 

10. A regenerative repeater for telegraph sig 
nals comprising a Source of phasing alternating 
current, means including said phasing alternating 
current for storing received signals, a source of 
transmitting alternating current, means includ 
ing said transmitting alternating current for re 
transmitting said stored signals as regenerated 
accurately Spaced impulses, means responsive to 
phase differences between said received signals 
and Said phasing alternating current to correc 
tively Vary the frequency of said phasing alter 
nating Current, and means responSive to a Sus 
tained frequency difference of said alternating 
current sources to correctively vary the fre 
quency of Said transmitting alternating current. 

11. In combination, a gaseous arc-discharge 
tube having anode, cathode and grid elements, 
means for intermittently impressing starting 
potentials upon said grid, means for intermit 
tently extinguishing Said tube, an energy storage 
device coupling said anode and said grid, and 
means including said storage device for disabling 
said tube to said starting potentials for a pre 
determined time after the extinguishing of said 
tube. 
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12. In a signaling System, the combination of 

a gaseous arc-discharge tube having an anode, a 
cathode, and a control grid, means for alternately 
rendering said tube conducting and non-conduct 
ing, means for biasing said grid in a manner 
tending to maintain the tube non-conducting, 
and means including an inductive-capacitive net 
Work for applying a neutralizing bias to said grid 
Substantially instantaneously a predetermined 
time after the tube has been rendered non 
COnducting. 

13. In a signaling System, a lource of periodic 
signals of positive and negative polarity, a gaseous 
arc-discharge tube for each polarity of signaling 
current, each of Said tubes he jing anode, cathode, 
and grid elements, means for applying a fixed 
negative bias on said grids, means for operating 
said tubes alternately in response to reversals of 
signal polarity, circuit arrangements for causing 
the starting of one tube to interrupt the operation 
of the other tube, and means for alternately neu 
tralizing the negative bias of said grids instan 
taneously a predetermined time after the opera 
tion of the respective tubes has been interrupted. 

14. In a Synchronous telegraph system, means 
including a periodic device for transmitting sig 
nals into one circuit, means including a second 
periodic device for repeating said transmitted 
Signals from Said one circuit into a second cir 
cuit, Said Second device comprising an oscillation 
generator including an electron discharge tube, 
and apparatus to control the frequency of said 
generator in a manner to maintain synchronism 
between said periodic devices, said control ap. 
paratus including means for continuously supply. 
ing frequency control energy to said generator, 
Said energy being normally in phase with said 
generator, and means responsive to phase differ 
ences between said signals and said generator for 
varying the phase of said energy with respect to 
Said generator to correspondingly vary the fre 
Cuency Of Said generator. 

15. In a frequency control system, an oscilla 
tion generator including an electron discharge 
tube having input and output circuits, a primary 
tank circuit interconnecting said input and out 
put circuits and operating synchronously with said 
generator, means for continuously supplying aux 
iliary energy to said generator, said auxiliary en 
ergy being normally in phase with said generator 
at a given frequency, and means to vary the phase 
of Said auxiliary energy with respect to said gen 
erator to effect a change in the frequency of said 
generator whereby synchronism between said aux 
iliary energy and said generator is restored at a 
new frequency. 

16. In a signaling System, a pair of gaseous arc 
discharge tubes each having anode, cathode, and 
grid elements, means for alternately operating 
Said tubes in response to reversals of the signaling 
polarity, circuit connections for causing the start 
ing of one of said tubes to interrupt the operation 
of the other of Said tubes, a Source of potential, 
a common circuit including a resistance connect 
ing Said cathodes to the negative terminal of said 
Source of potential, means including said resist 
ance to negatively bias the grids of said tubes 
with respect to their associated cathodes, means 
including a plurality of impedances to connect 
the positive terminal of Said source of potential 
to the respective anodes of the tubes, a feed-back 
circuit interconnecting the anode and grid elle 
ments of each of said tubes, said circuits includ 
ing a delay network whereby the negative bias of 
the interrupted tube is neutralized substantially 
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instantaneously a predetermined time after 
the interruption of the tube. 

17. In a signaling system, receiving circuits in 
cluding a pair of gaseous arc-discharge tubes each 
having anode, cathode, and grid elements, said 
tubes being arranged in a mutually quenching 
connection, means for alternately initiating dis 
charge in said tubes in response to reversals of the 
signaling polarity, means for applying a fixed 
negative bias on the grids of said tubes, a source 
of potential connected between the respective 
anodes and cathodes of said tubes, the positive 
terminal of said source being associated with the 
anode elements, an electrostatic circuit connected 
between each of the tube anodes and the negative 
terminal of said source, a delay circuit including 
inductive elements associated with said electro 
static circuit, the operation of the electrostatic 
circuit and the delay circuit being such that the 
electrostatic circuit is instantaneously raised to 
substantially the full potential of Said source a 
predetermined time after the interruption of the 
operation of one of said tubes, and means for de 
riving a predetermined portion of the potential of 
said electrostatic circuit and applying it between 
the respective grids and their associated cathodes 
to neutralize the fixed negative biases applied 
theretO. 

18. In a telegraph System employing periodic 
signals, an electronic oscillator, a primary Source 
of periodic energy to determine the normal fre 
quency of said oscillator, a pair of auxiliary elec 
tronic devices excited by said oscillator, reactances 
included in the respective output circuits of said 
devices to produce energy in the circuits which 
normally leads and lags respectively the output 
voltage of the Oscillator by equal angles, means for 
combining said auxiliary energies to produce a 
supplementary energy in phase with paid primary 
energy, and means for oppositely changing the 
impedances of said auxiliary devices to displace 

in phase said supplementary energy with respect 
to said primary energy. 

19. In a signaling system, a source of alternat 
ing current, and means to transmit polarized sig 

5 nals at a frequency equal to one-half of the fre 
quency of said alternating current comprising a 
pair of gaseous arc-discharge tubes each having 
Control grids for initiating a discharge through 
said tubes, one of said tubes being provided for 

0 each signal polarity, means associated with said 
tubes for causing the discharge through one tube 
to interrupt the discharge through the other tube, 
means to impress said alternating current upon 
both of said grids simultaneously, a common bias 

15 ing means for said grids to render said tubes un 
responsive to said alternating current, and in 
dividual bias-modifying means operative a prede 
termined time after the interruption of the dis 
charge of each tube to render that tube respon 

20 sive to said alternating current. 
20. In a telegraph system employing signals 

having a predetermined maximum frequency, a 
pair of gaseous arc-discharge tubes arranged for 
alternate operation, each tube having input and 

25 Output circuits, means for Connecting said out 
put circuits to cause the interruption of one tube 
upon the starting of the other tube, means for 
connecting said input circuits in multiple, a trans 
former Winding connected to said input circuits, 

30 means for generating current alternations in said 
winding at twice the signal frequency, alterna 
tions of like polarity tending to initiate conduc 
tion in said tubes, biasing means of a magnitude 
and polarity to render said like-poled alternations 

35 ineffective, and means for modifying said biasing 
means a predetermined time after the interrup 
tion of one of Said tubes to render said inter 
???ted tube responsive to said like-polled alterna 
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